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Abstract

:

A previous longitudinal study about using microbiome as a caries indicator has successfully predicted early childhood caries (ECC) in healthy individuals, but there is no evidence to verify the composition of core microbiota and its pathogenicity in vitro and in vivo. Biofilm acidogenicity, S. mutans count, and biofilm composition were estimated by pH evaluation, colony-forming unit, and quantitative PCR, respectively. Extracellular polysaccharide production and enamel demineralization were observed by confocal laser scanning microscopy (CLSM) and transverse microradiography (TMR), respectively. A rat caries model was established for dental caries formation in vivo, and caries lesions were quantified by Keyes Scoring. We put forward that microbiota including Veillonella parvula, Fusobacterium nucleatum, Prevotella denticola, and Leptotrichia wadei served as the predictors for ECC may be the core microbiota in ECC. This study found that the core microbiota of ECC produced limited acid, but promoted growth and acidogenic ability of S. mutans. Besides, core microbiota could help to promote the development of biofilms. Moreover, the core microbiota enhanced the enamel demineralization in vitro and increased cariogenic potential in vivo. These results proved that core microbiota could promote the development of dental caries and plays an important role in the development of ECC.
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1. Introduction


Early childhood caries (ECC) is one of the most prevalent infectious diseases affecting around half of children worldwide [1,2]. ECC has been poorly controlled in many countries and has become a serious public-health problem, especially among socially vulnerable groups [3]. A better understanding of the etiology and mechanism can help with the prevention, diagnosis, treatment, and public intervention of this disease and further reduce the socioeconomic burden.



Dental caries including ECC has been considered as a multifactorial disease that is affected by the host genetic status, microorganisms, diet, and time. The etiology of dental caries is chemical-driven to microorganism-driven due to the rapid development of oral microbiology related studies. The dysbiosis of the dental plaque microbiota community could initiate this disease with the presence of fermentable carbohydrates mainly from diet. The affected plaque becomes more acidogenic and acid tolerant, which causes the decrease of local pH. Once the pH is lower than 5.5, the balance between demineralization and remineralization of dental hard tissue breaks down [4]. The continuous demineralization of dental hard tissue could eventually cause the irreversible dental carious lesions.



Preventive methods and treatments focused on traditional cariogenic bacteria like S. mutans and lactobacillus have shown some effects in clinical studies [5]. However, dental plaque, in which more than 700 different bacterial species have been identified, is one of the most complex microbiota communities co-existing with the human body, and the dysbiosis of dental plaque can cause diseases just like the gut microbiota [6]. It is increasingly recognized that it is not a specific pathogen, but the interactions among different bacterial species that leads to the physiological functions and pathogenic characteristics of dental plaque [7,8,9]. In recent years, several studies have demonstrated the existence of core microbiome in dental caries [10,11]. The existence of a “core microbiome” was first proposed by Turnbaugh et al. [12] and referred to the organisms, genes, or functions shared by all or most individuals such as the oral cavity, nasal cavity, skin, and intestinal tract.



A previous longitudinal study about using microbiome as a dental caries indicator has successfully predicted ECC in healthy individuals, and provided evidence that some microbial populations in plaque and saliva changed acutely along with ECC onset, which may be the core microbiota of ECC [13]. This microbiota prediction model can diagnose ECC from a healthy population with 70% accuracy and predict future ECC onset with 81% accuracy. However, the researchers did not conduct studies to verify the composition of core microbiota and its pathogenicity in vivo and in vitro. Therefore, to further explore the cariogenic ability of core microbiota and its impact on previously known cariogenic S. mutans, our study established the multiple-species biofilm model with four represented bacteria from the highest predictors of ECC [13] including Prevotella, Leptotrichia, Veillonella, and Fusobacterium, cultured with or without S. mutans and compared the acid production ability, biofilm structure, EPS synthesis, demineralization ability, and in vivo cariogenic potential on animal model.




2. Materials and Methods


2.1. Bacterial Strains and Culture Conditions


The bacteria used in this study were Streptococcus mutans UA159, Fusobacterium nucleatum ATCC 25586, Veillonella parvula DSM 2008, Prevotella denticola 33-5, and Leptotrichia wadei 33-10. Streptococcus mutans, Fusobacterium nucleatum, and Veillonella parvula were commercially obtained from the American Type Culture Collection (ATCC) and the Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ). Prevotella denticola and Leptotrichia wadei were from the National Clinical Research Center for Oral Diseases. S. mutans and L. wadei were routinely grown at 37 °C in brain heart infusion broth (BHI; Difco, Sparks, MD, USA) [14,15], F. nucleatum and P. denticola were grown in BHI supplemented with 7.7 µM hemin (Sigma, St. Louis, MO, USA) and 1.2 µM Vitamin K1 (Sigma; St. Louis, MO, USA) [16], and V. parvula was grown in BHI containing 0.6% sodium lactate [17]. All bacterial strains were grown under anaerobic conditions (80% N2, 10% H2, 10% CO2) at 37 °C [18].




2.2. Biofilm Development


In order to determine the role of the core microbiota, we established three experimental biofilm groups: “Core”, “S. mutans”, and “Core + S. mutans”. The S. mutans group contained only S. mutans. The Core group contained V. parvula, F. nucleatum, P. denticola, and L. wadei, and the Core + S. mutans group contained all bacteria in the Core group and S. mutans.



We first adjusted all bacterial suspensions to a 2 × 108 colony-forming unit (CFU)/mL. Then, the suspension of four bacteria from the core microbiota with equal volume was mixed to generate the Core group suspension for the follow-up experiment. For the Core group, a 100 µL suspension was added onto a saliva-coated glass coverslip in a 24-well cell culture plate with 1900 µL of SHI media [19]; for the Core + S. mutans group, a 100 µL suspension of S. mutans together with a 100 µL suspension of core microbiota were added to the system with 1800 µL of SHI media; for the S. mutans group, a 100 µL suspension of S. mutans and 1900 µL of SHI media were added. By doing so, the amount of S. mutans equaled the total amount of core microorganisms at the beginning of the biofilm formation.



The biofilms were incubated anaerobically for 24 h, 48 h, or 72 h and 1 mL of medium in each well was renewed every 24 h. The biofilm discs were harvested at the end of the incubation time and washed out by dip-washing with phosphate-buffered saline (PBS) three times [20].




2.3. Biofilm Acidogenicity and S. Mutans Counting


For each group, pH in culture medium, used as an indicator of biofilm acidogenicity, was measured each time when the medium was changed. The medium was collected and transferred to polystyrene tubes for pH evaluation with an Orion Dual Star pH/ISE electrode (Thermo Scientific, Waltham, MA, USA) [18]. For S. mutans counting, the biofilms were transferred to microcentrifuge tubes containing 1 mL PBS. Serial dilutions were performed in PBS and the CFU/disc of S. mutans was determined by plating in triplicate on MSB plates as described in previous studies [21]. Three specimens were tested for each group.




2.4. DNA Isolation and Quantitative Analysis of Biofilm Composition


The bacterial composition of the Core + S. mutans group and Core group was further quantified via species-specific real-time quantitative polymerase chain reaction (qPCR) by the method described before [22]. According to the manufacturer’s instructions, the TIANamp Bacterial DNA Kit (TIANGEN, Beijing, China) was used to isolate and purify the total DNA of the biofilm. We used enzymatic lysis buffer (20 mM Tris-HCl, pH 8.0; 2 mM sodium EDTA, and 1.2% Triton X-100) containing 30 mg·mL-1 lysozyme to lyse the bacteria at 37 °C for 1 h. Three independent replicates from each parameter were analyzed in triplicate using a NanoDrop ND-1000 (Thermo Scientific) and stored at −20 °C before use. For qPCR, 20 μL mixture containing 10 μL of SYBR® Premix Ex Taq (Takara, Wan Chai, Hong Kong), 1.5 μL of template, and 250 nM (each) of the forward and reverse primer were placed in each well. Primer sequences are given in Table 1. Real-time PCR was performed as follows: 95 °C for 3 min, followed by 40 cycles of 95 °C for 10 s, and 56 °C for 30 s. The mean CT value was converted into the copy number for the calculation of the percentage of each strain in the biofilm. Melting curve analysis was performed on all primer sets to ensure a single peak, which indicates primer specificity.




2.5. Scanning Electron Microscopy (SEM)


For SEM analysis, the 72 h biofilms were carefully fixed with 2.5% glutaraldehyde solution for 12 h at 4 °C, then dehydrated in a series of ethanol (30, 50, 70, 80, 85, 90, 95, and 100% ethanol) and sputter-coated with gold. Specimens were examined at 10,000× magnification [25]. Three specimens were tested for each group and each sample was taken with three images.




2.6. Confocal Laser Scanning Microscopy (CLSM)


The bacteria and extracellular polysaccharides (EPS) of 72 h biofilms were labeled with SYTO 9 (Molecular Probes, Invitrogen Corp., Carlsbad, CA, USA) and Alexa Fluor 647-labeled dextran conjugate (Molecular Probes), respectively, as previously described [26]. Biofilm images were captured using a confocal laser scanning microscope (Olympus FV1000, Tokyo, Japan). The image collection gates were set to 495–515 nm for SYTO 9 and 655–690 nm for Alexa Fluor 647. Each biofilm was scanned at five selected positions, and then the confocal image series was generated by optical sectioning of each of these positions. Three-dimensional reconstruction of the biofilms and the quantification of EPS/bacteria biomass were performed with IMARIS 7.0.0 (Bitplane, Zurich, Switzerland). The EPS/bacteria ratio was calculated with ImageJ software [26,27]. Three specimens were tested for each group.




2.7. Enamel Demineralization Assessment


This experimental study was carried out on the extracted bovine teeth and measured as described previously [28,29] with some modification. Briefly, the baseline surface microhardness (SMH) was measured and bovine specimens in the range from 350 KHN to 550 KHN were collected for the demineralization investigations.



Enamel blocks (4 mm × 6 mm × 2 mm) obtained from bovine incisors were embedded in ethoxyline resin. All samples were cut again and polished by hand plane, using water-cooled silicon carbide disks (800–1000 grade paper) on both sides in parallel with a thickness range of approximately 150 nm. The enamel surface outside a 1.5 × 2.5 mm area was covered with nail polish to create the treatment window. Before the demineralization of the bovine enamel block sample, three observation points were randomly made in the above-mentioned area using a microhardness tester (Vickers indenter, 50 gf, 10 s) [30].



The blocks were randomly divided into three groups and disinfected by ethylene oxide before biofilm formation. After 72 h of biofilm incubation, the enamel blocks were collected for transverse microradiography (TMR) imaging.



The tooth slices were put into the exposure box and placed in the TMR cabinet 30 cm directly below the Cu-Kα radiation. The sample collection current was 20 mA, the voltage was 20 kV, and the collection time was 30 min [31]. Then, the image acquisition software TMR 2012 (Amsterdam, The Netherlands) was used to acquire the image of the sample [32]. The images were analyzed by using image analysis software (ImageJ; version 1.42q, Wayne Rasband, NIH, USA) [33] and customized image processing software to calculate the lesion depth (LD, µm) and the integrated mineral loss (vol%·µm, ∆Z). The lesion depth was calculated using a threshold at 90% of the mineral content of sound enamel. The integrated mineral loss was calculated by integrating the difference between the mineral content (Vol.%) in sound and demineralized enamel over the depth of the lesion [34]. Three specimens were tested for each group.




2.8. Rat Caries Model and Caries Scoring


Rat models of dental caries were established according to previous studies [35]. The experiment was performed on 20 specific pathogen-free female Wister rats. Starting from the age of 20 days, all animals were fed with a cariogenic diet (Keyes 2000) and sterilized water containing 5% w/v sucrose ad libitum. For the first three treatment days, the water was supplemented with chloramphenicol, ampicillin, and carbenicillin [1 g/kg]). Then, the animals were screened for S. mutans by an oral swab streaked on MSB agar. Furthermore, PCR was performed to detect the four bacteria from the core group.



At the age of 24 days, the rats were randomized into four groups infected for seven consecutive days with core microbiota and S. mutans (Group A); S. mutans (Group B), core microbiota (Group C), and PBS solution (Group D) (approximately 109 CFU/mL, 0.2 mL/rat). After three weeks, the animals were euthanized by cervical dislocation for Keyes Scoring [36]. Briefly, the teeth of each rat were stained with 0.4% ammonium salt solution for the caries red. Then, the teeth were rinsed, dried, hemisectioned, and finally observed by a stereo microscope. The depth and size of the red ammonium salt solution spread into the teeth represent the severity and impact area of the caries. Five specimens were tested for each group (n = 5).




2.9. Statistical Analysis


Data were analyzed using the SPSS software v.18.0 (International Business Machines Corp., Armonk, NY, USA). The Shapiro–Wilk (W test) was used for the normality test. Independent sample Student’s t test was employed for the comparison of S. mutans counts in the biofilm of Core + S. mutans groups and S. mutans groups if normally distributed. One-way ANOVA was used for pH value, demineralization depth, mineral loss, and Keyes score analysis. Student–Newman–Keuls (SNK) test was used to identify the specific differences among groups. The significance level was set at 0.05.





3. Results


3.1. S. mutans Was Promoted by Core Microbiota and the Core + S. Mutans Biofilm Showed Increased Acidogenic Ability


To have a better consistency of the ECC plaque composition, we developed the core biofilm with an even amount of the selected four genus as well as the Core + S. mutans biofilm with 50% of the core microbiota and 50% of the Streptococcus mutans. qPCR was used for the analysis of biofilm composition. In the Core group, V. parvula was the most dominated species within the biofilm (69.85%, 69.87%, and 66.99%), followed by L. wadei (14.24%, 15.59%, and 13.77%), P. denticola (11.31%, 12.38%, and 17.36%), and F. nucleatum (2.44%, 1.53%, and 1.22%) (Figure 1a). In the Core + S. mutans biofilm, S. mutans counted for 51.16%, 54.63%, and 63.86% at 24 h, 48 h, and 72 h separately, followed by V. parvula (28.53%, 29.59%, and 19.96%); L. wadei (16.27%, 9.51%, and 4.75%); P. denticola (2.74%, 4.87%, and 7.45%), and F. nucleatum (1.30%, 1.40%, and 2.51%) (Figure 1b). In order to detect the influence of the core microbiota on the growth of S. mutans, we measured the count of S. mutans in the S. mutans group and in the Core + S. mutans group. S. mutans was promoted by the core microbiota and demonstrated a 3.41, 5.17, and 14.63 times increase in CFU counting at 24 h, 48 h, and 72 h compared to single S. mutans biofilm (p < 0.05) (Figure 1c,d). The pH of the culture medium measured during the experiments was taken as an indirect indicator of the biofilm acidogenicity. We found that the pH of all three groups was under 5, which can serve as the biological initiation of the enamel demineralization. The Core + S. mutans group showed the lowest pH at all time points (p > 0.05), followed by the S. mutans group and the Core group (p < 0.05) (Figure 1e).




3.2. Core + S. Mutans Biofilm Showed a Net-Like Structure and Increased the Depth of the Biofilms


To have an integrated understanding of the biofilm, the SEM and CLSM were enrolled for observation of the biofilm formation, EPS synthesis, and biofilm structure in situ. The 72-h-old biofilms exhibited different morphologies under the SEM; the Core + S. mutans group biofilms with the existence of both EPS and bacillus represented a thick and net-like structural; the S. mutans group biofilms with rich EPS looked like honeycombs; the Core groups, however, without EPS, could only be detected with loose and thin biofilms (Figure 2a). Furthermore, consistent with the observation from SEM, the Core + S. mutans group biofilm images taken by CLSM showed a net-like structure that might improve the stability of the biofilm in complex environments (Figure 2b). The depth of the biofilms was significantly increased in the Core + S. mutans biofilm (p < 0.05) and EPS was not produced or rarely produced in the core biofilm (Figure 2c–g). The depth of the biofilm and EPS showed a significant increase in the Core + S. mutans group.




3.3. Core Microbiota Enhanced the Enamel Demineralization In Vitro


To evaluate the demineralization ability of different biofilms, we harvested the biofilm demineralized enamel blocks after 72 h of treatment and tested them using transverse microradiography (TMR), which is the gold standard for detecting demineralization. The Core + S. mutans biofilm had the highest demineralization degree, followed by the S. mutans group biofilms, and the Core group had the lowest demineralization degree (Figure 3a). The integrated mineral loss was 2895 (±345.25) Vol%µm for the Core + S. mutans group; 1831.82 (±315.50) Vol%µm for the S. mutans group and 1077.78 (±175.98) Vol%µm for the Core group (Figure 3b). The demineralized depth was 72.05 (±7.18) µm for the Core + S. mutans group; 60.62 (±9.70) µm for the S. mutans group, and 53.74 (±10.43) µm for the Core group (Figure 3c). All three groups of biofilms exhibited demineralization ability on enamel and the Core + S. mutans biofilm had both the deepest demineralization depth and the most integrated mineral loss (p < 0.01). These results showed that the core microbiota promoted the enamel demineralization of S. mutans biofilm in vitro.




3.4. The Core Microbiota Increased Cariogenic Potential in a Rat Model


To explore whether the core microbiota would induce dental caries in vivo, we conducted the caries model on 20-day-old Wistar rats. For a better colonization of our selected bacteria, antibiotics were given by oral administration to eliminate the host microbiota. The bacteria were given for the first continuous seven days and the Keyes 2000 diet was fed to the rats for the whole experiment. These rats were sacrificed for Keyes scoring three weeks after bacterial challenge. As shown in Figure 4, significantly more carious lesions including enamel (E), moderate dentinal (Dm), and proximal-surface carious lesions were observed in the Core + S. mutans group compared with the S. mutans group.





4. Discussion


Dental caries including ECC, is a multifactorial disease [37,38]. Microbes are considered as one of the main pathogenic factors of ECC. A large amount of evidence proves that there might be a core microbiome of diseases in the oral cavity [39,40]. This also partially explains why some people are susceptible to caries while others are not. However, most of the literature have inferred the existence of core microbiome by sequencing and have found that tremendous species and genera were related to caries but failed to construct models to verify the casual relationship between dental caries and the core microbiota. A longitudinal study further narrowed the core microbiome and demonstrated that the core microbiota played an important role in ECC [13]. Referring to this literature, for the first time, we developed a core microbiota biofilm model containing four representative bacteria of ECC during its occurrence and development, which proved to promote the progress of dental caries both in vitro and in vivo.



Many studies have also shown that the four microorganisms we selected including V. parvula, F. nucleatum, P. denticola, and L. wadei are closely related to caries, especially ECC. In our study, we found that after 24 h, 48 h, and 72 h of culture, V. parvula accounted for more than half of the core microbial biofilm. Similarly, a large number of studies have proven that Veillonella content in ECC is higher than that in non-caries children, suggesting that it is closely related to ECC [13,41,42,43,44]. In another study, Fusobacterium was found to be significantly higher in ECC [45], in which F. nucleatum is closely associated with ECC, especially severe ECC [43,46]. Our study found that the amount of F. nucleatum in the biofilm at 72 h was about twice that at 24 h in the Core + S. mutans biofilm, which also seems to suggest that F. nucleatum is more related to severe ECC. Meanwhile, with the extension of the Core + S. mutans biofilm culture time, the content of P. denticola also increased. P. denticola was found to be one of the most prevalent species in the S-ECC, shown to be associated with dental caries. There is also speculation that the proportion of P. denticola would reduce after comprehensive restorative and preventive dental treatment [47,48]. Our results showed that when S. mutans was added, the content of L. wadei increased at the early stage of biofilm formation, which implied that S. mutans might promote the growth of L. wadei. L. wadei was found to be overrepresented in caries-active dental plaque compared to caries-free [49]. Moreover, a large number of Fusobacterium, Prevotella, and Leptotrichia were observed in a group of children with active caries [13,43,50]. In summary, these previous studies proved the rationality of our choice of four strains as core microbiota.



We found that the core microbiota had the effects of promoting the growth of S. mutans. There have been some controversies about the effect of V. parvula on S. mutans. Some previous studies have shown that V. parvula might contribute to acid production and the growth of S. mutans [43,51,52]. However, it has also been found that V. parvula had little effect on the S. mutans growth when co-cultured with S. mutans and Streptococcus gordonii compared with S. mutans alone [53]. There might be a certain relationship between V. parvula and S. mutans, but the impact of V. parvula in the Core microbiota on S. mutans remains to be studied. Similarly, F. nucleatum is also one of the first Gram-negative species to establish plaque biofilms [54]. It is one of the important “bridge” organisms in the naturally formed dental plaque [55], and has a central role in the ecology of dental plaque [56]. F. nucleatum has also been studied with the ability of affecting the growth and survival of S. mutans. However, the effect of core microbiota on S. mutans has not been previously studied. Our results showed that when the core microbiota presented, the growth of S. mutans increased by about four times, suggesting that the core microbiota promoted the S. mutans growth in the biofilms. In this study, we did not validate the function of these four species individually, but considered them as one factor. This is a limitation of our study, and we will further investigate the function of these individual species in our future studies.



The microbial composition of mature tooth biofilm is quite stable, but the pH of the biofilm could have small fluctuations [57]. A lower pH value is favored by demineralization, while a higher pH value is good for remineralization [9]. The fine-tuned balance of the oral ecosystem is disrupted, allowing disease-promoting bacteria to over grow and cause dental caries [8,37,58]. Interestingly, in our experiments, we found that the core microbiota itself produced limited acid, but could promote acid production of S. mutans. The integrated mineral loss of the enamel block increased by about 60% when the core microbiota existed. However, the environment in the oral cavity is very complicated, and saliva washing and food intake may have an impact on dental plaque. In vitro experiments cannot fully reproduce the complexity of in situ situation [59]. We therefore established an animal model to determine the role of the core microbiota with the presence of acidogenic and aciduric bacteria S. mutans and sugar. We found that rats in the Core + S. mutans group had the most severe dental caries.




5. Conclusions


In conclusion, we obtained core microbiota in ECC from a previous clinical research and validated its cariogenesis effects in vivo and in vitro. Subsequent clinical verification is needed in future investigations. The core microbiota containing four representative strains of ECC could promote the growth of S. mutans, acid production, demineralization, and the development of caries in rat (graphical abstract). This also brings new ideas and challenges to the prevention and treatment of ECC. However, how core microorganisms interact with S. mutans and promote the development of dental caries remain to be further studied.
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Figure 1. Composition of the biofilm and biofilm pH monitoring. (a) Composition of the core biofilm at 24 h, 48 h, and 72 h. (b) Composition of the Core + S. mutans biofilm at 24 h, 48 h, and 72 h. (c) S. mutans counting of the Core + S. mutans biofilm and S. mutans biofilm at 24 h, 48 h, and 72 h (n = 3). (d) Ratio of S. mutans in Core + S. mutans/S. mutans. (e) Medium pH of the biofilms at 24 h, 48 h, and 72 h (n = 3). Data are expressed as means ± standard errors. * p < 0.05; ** p < 0.01. 
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Figure 2. Biofilm structure by SEM and EPS distribution by CLSM. (a) Structure of the 72 h Core + S. mutans biofilm, S. mutans biofilm, and the core biofilm (n = 3). (b) Double-labeling of 72 h biofilms. Green, bacteria (SYTO 9); red, EPS (Alexa Fluor 647) (n = 3). (c) The distributions of EPS and bacteria at different heights of the Core + S. mutans biofilm. (d) The distributions of EPS and bacteria at different heights of the S. mutans biofilm. (e) The distributions of EPS and bacteria at different heights of the core biofilm. (f) The depth of the biofilm. (g) Quantification of EPS /bacteria biomass of the 72 h biofilms. ** p < 0.01. 
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Figure 3. Enamel demineralization ability of the biofilms (n = 3). (a) Demineralization of the 72 h biofilm treated enamel slides. (b) Quantification of the integrated mineral loss. (c) Quantification of the demineralized depth. ** p < 0.01. 
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Figure 4. In vivo cariogenesis ability of different biofilms. (a) Representative hemisectioned molars in each group under stereoscopic microscopy. (b) Caries score by Keyes’ method (n = 5). E = Enamel caries; Ds = slight dentinal caries; Dm = moderate dentinal caries; Dx = extensive dentinal caries. The severity decreased in the order of Core + S. mutans, S. mutans, Core and control groups. * p < 0.05; ** p < 0.01; *** p < 0.001. 
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Table 1. Primers used in this study.
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	Organism
	PCR Primers
	Source





	S. mutans
	Forward:5′-TTGACGGTGTTCGTGTTGAT-3′

Reverse:5′-AAAGCGATAGGCGCAGTTTA-3′
	This study



	V. parvula
	Forward: 5′-GTAACAAAGGTGTCGTTTCTCG-3′

Reverse: 5′-CGTAACATCTTCCGAAACTTTC-3′
	[23]



	F. nucleatum
	Forward:5′-CAACCATTACTTTAACTCTACCATGTTCA-3′

Reverse: 5′-GTTGACTTTACAGAAGGAGATTATGTAAAAATC-3′
	[24]



	P. enticola
	Forward:5′-GGGGATAAAGTGAGGGACGT-3′

Reverse:5′-GGCGCCTACATTTCACAACA-3′
	This study



	L. wadei
	Forward:5′-AAGCCTGCCCTGGAAACTAT-3′

Reverse:5′-CACTTCAGCGTCAGTTACCG-3′
	This study
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