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ABSTRACT

Dental caries, next to common cold, is one of the most common disorders. It is a bacterial process which damage
hard tooth structures (enamel, dentine and cementum). In order to study the cause of dental caries, this study was
carried out to isolate the predominant cariogenic organisms from caries samples. A total of 10 caries samples were
collected and from the samples 405 microbials isolates were obtained. Among this, 28 morphologically different
colonies were identified and from them, 10 predominant were selected for identification. The biochemical and
molecular analysis reveals that two organisms belongs to the genus Enterobacter and two belongs to the genus
Bacillus. The organisms such as Enterobacter hormaechei, Enterobacter sp., Micrococcus luteus, Klebsiella
pneumoniae, Exiguobacterium sp., Saphylococcus sciuri, Acinetobacter radioresistens, Weissella confusa, Bacillus
cereus and Bacillus subtilis wereidentified as predominant organismsin oral cavity.

Keywords. Dental caries, cariogenic organisms, isolationchémical characterization, 16S rRNA sequencing,
phylogenesis

INTRODUCTION

Dental caries is a polymicrobial infectious diseasgleich cause biofilm accumulation on dental swefand leads to
frequent consumption of fermentable sugars [1is kkonsidered that the accumulation and metababistacteria
on teeth and implants surfaces are the primaryecatigaries, gingivitis, peridontities, periimplaist and breathe
[2]. More than500 bacterial species have been identified froendtal cavity [3,4] and a large proportion of the
microbes present in the mouth have not yet beeired [5]. Now a days, advanced molecular method$ @s
polymerase chain reaction (PCR) and 16S rRNA gegeencing analysis were used to identify the miescdnd it
have been revealed that the bacterial involvementhé development of dental caries is more compihen
previously believed [6].

In order to evaluate the status of dental caries @blic health problem, there must be a reseamatach fact of the

disease process. The first step of the study mdjnbding the organisms associated with caries.t®oam of the
study is to isolate and identify the bacteria frdemtal caries affected teeth.
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EXPERIMENTAL SECTION

Collection of dental caries samples

The caries samples were collected from 10 patiehégie group 7-67yrs from Rose Dental Clinic, Nag#r K.K.

Dist., Tamil Nadu, under aseptic condition. Priortihe collection of sample, the patients were ntadense the
tooth with 3% hydrogen peroxide and then cleandtl decontaminating solution (2.5% sodium hypoclddrj7].

The caries samples were collected from the patigsitsy the sterile swab by a dentist and were dhired into 2ml
of normal saline in sterile screw cap tubes. Themas were transported to the laboratory for furthtedy and
stored at 4°C.

I solation and screening of bacteria

For isolation of bacteria, the method of Chandratstal. [8] was followed with minor modificationsEach sample
in tubes was inoculated separately into 25 ml d¢fient broth (Himedia) and incubated at 35°C + $6€48 hours.
One ml of freshly grown culture from each dentalople was serially diluted up to 1dwith distilled water. 10qQu
serially diluted samples were spread over nutrégyar plates. The inoculated plates were incubat&¥ & for 3
days under aerobic conditions. The predominant rancbhologically different colonies were then cudtdrusing
standard streak plate technique for the isolatibthe microorganisms in the nutrient agar mediae T¢olated
colonies were subsequently streaked on nutrientsdgat for pure culture preservation.

Mor phological and biochemical identification of isolates

The bacteria were gram stained and observed uigldrrhicroscope (40x). Motility was checked usiranging
drop method as referred by Aneja [9]. The preseamcabsence of spore was checked using malachit 3.
Biochemical properties of the isolates were testecbrding to Bergey’s Manual of Systematic Bactegy [10].
The following properties were determined: IMViCttesries, nitrate reduction, urease test, stardhahysis, gelatin
liquefaction, oxidase, catalse, hydrogen sulfidedprction and carbohydrate utilization test.

I dentification of theisolates by 16SrRNA sequencing

DNA isolation reagent (SoluteReady® Genomic DNA ification kit), PCR MasterMix, Agarose gel
electrophoresis consumables and primers were pgsedifaom HELINI Biomolecules, Chennai, India. ETBDNA
extraction was performed by following the manufaetus instructions. The forward and reverse DNA
sequencing reaction of PCR amplicon was carriedwitit the following 16S rRNA Forward primer: AGA GT
TGA TCC TGG CTC AG and 16S rRNA Reverse primeiC@ GCT ACC TTG TTA CGA CTT using BDT v3.1
Cycle sequencing kit on ABI 3730xl Genetic Analyz&he size and amount of amplicons were examined by
electrophoresis on 1% agarose gel with 10ul of pUDNA ladder.

Phylogenetic analysis and provisional taxonomy

The 16S rDNA gene sequences were used to carrBIoAST with the nrdatabase of NCBI genbank datatzase
were provisionally identified. Based on maximum ritiy score first two sequences from each isolatese
selected and aligned using multiple alignment safeaprogram Clustal W. The evolutionary history waerred
using the Maximum Parsimony (MP) method. The MR tveas obtained using the Subtree-Pruning-Regrafting
(SPR) algorithm [11] with search level 2 in whidmetinitial trees were obtained by the random adudlitof
sequences (10 replicates). Evolutionary analyses senducted in MEGAG [12].

RESULTS

I solation and Screening of bacteria from dental caries

During the study period, a total of ten samples 8$10) were collected from patients affected wdiémtal caries.
The age of the patients was from 7 to 67. The tagdlle count (TVC) of S1 to S10 ati6ilution revealed that the
total numbers of colonies were 405 among all the g@up. The sample S3 (age 21) showed a maxinfur@ o
colonies, whereas sample S10 (age 67) showed anommiof 8 colonies. Among the total 405 coloniesertty
eight morphologically different colonies were foufithble 1), and among which ten predominant cokniere
selected for further study. Accordingly the isotateere named as A1-A10 (Plate 1).
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a) Al b) A2

e) AS ) A6

2) A7 h) A8

i) A9 1 AL0

Plate 1 Predominant coloniesisolated from dental cariesinfected teeth

514



A. Anitha Rani et al J. Chem. Pharm. Res,, 2016, 8(3):512-519

Table 1 Distribution of bacteria in patients affected with dental caries

SI.No. | Samplenameand age | TVC CFU/ml (10®) | No. of morphologically different colonies

1 S1(7) 10

2 S2(17) 23

3 S3(21) 72

4 S4(27 69

5 S5(30) 65 28
6 S6(35) 60

7 S7(38) 62

8 S8(47) 18

9 S9(58) 18

10 S10(67 8

Total number of isolat 40%

Mor phological and biochemical identification of isolates

The results of morphological and biochemical téstécated that, five isolates were rods, threeaitss were short
rods and two were cocci. The gram staining reslitaved the isolates Al, A2, A4, and A7 were gragatige and
the other isolates were gram positive. The isolstieh as Al, A2, A3, A5, A9 and A10 were motile & A6, A7
and A8 were non motile. Spore forming organismshsag A3, A9, and A10 were also isolated. In IMVi€stt
series, isolates A8 and A10 were positive andhalldther isolates were negative for indole productest. Three
isolates such as A3, A5 and A8 were positive tohyleted. Voges Proskauer results showed that §etates were
positive. Six isolates utilizes citrate and fouwlédes failed to utilize citrate, as carbon souiidee isolates Al, A2,
A4, A6, A9 and A10 were found to be positive fotraie reduction. Majority of the isolates displayeehative
result to urease test and only A4 and A5 showedipesesult. In starch and gelatin hydrolyzingligdp isolates
A3, A5 and A10 showed positive to both hydroly#i&. hydrolyse neither starch nor gelatin. Threeats (A1, A6
and A8) does not hydrolyse starch but hydrolysatgellsolates such as A4, A7 and A9 hydrolysectand failed
to hydrolyse gelatin. A3, A6, and A10 were posititee both oxidase and catalase, whereas A2 and A& we
negative. All the other isolates such as Al, A4, A3 and A9 displayed oxidase negative and catgtasdive.
Three isolates (A6, A7 and A9) produces hydrogdphsde. When the isolates are checked for thezatibn of
carbohydrates variations were noted. The resulte wezorded in Table 2.

Table 2 M orphological and Biochemical tests of 10 selected organisms

Sl.No Test name Al A2 A3 A4 A5 A6 A7 A8 A9 A10
1. Morphology Rods Srggg Cocci | Rods| Rodg Cocgi Rods Srgg? Rods Srggg
2. Gram staining - - + - + + - + + T
3. MOti”ty + + + - + - - - + +
4. Spore - - + - R N - N T T
5. Indole - - - - - - - + R T
6. Methyl Red - - + - + - N + N -
7. Voges Proskauer + + - + - - - R + +
8. Citrate utilization + + + + - - + - - +
9. Nitrate reduction + + - + - + N _ + T
10. Urease - - - + + - - - - R
11. Starch hydrolysis - - + + + - + - + +
12. Gelatin liguefaction + - + - + + - + - +
13. Oxidase - - + - - + - R R T
14. Catalase + - + + + + + - + +
15. Hydrogen Sulphide production - - - - - + + - + R
16. Glucose + + + + + + B + ¥ ¥
17. Sucrose - + - + + ¥ T " " "
18. Lactose - + - + B + N _ T _
19. Carbohydrate Maltose + + + + + - + + T T
20. fermentation test Mannitol + + - + + + - - - +
21. Fructose - - + + + + - + + +
22. Arabinose + + - + + B . - ¥ ¥
23. Mannose + + - + ¥ _ _ ¥ T

+ positive, - negative
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I dentification of theisolates by 16SrRNA sequencing and phylogenetic analysis

Fragment of 16S rDNA gene were amplified by PCRsiAgle discrete PCR amplicon band of 1500 bp was
observed when resolved on agarose. After that @R &mplicon was purified to remove contaminants fidiward
and reverse DNA sequencing reaction of PCR ampheere carried out using BDT v3.1 Cycle sequencigk

ABI 3730xI genetic analyzer.

The phylogenetic tree was constructed using MaxinRarsimony method. The consensus tree inferred t@m
most parsimonious trees were shown in Figure In@&res corresponding to partitions reproduced is flean 50%
trees are collapsed. The consistency index was8873 (0.738938), the retention index was 0.883@2883629),

and the composite index was 0.687882 (0.65294 7lf@ites and parsimony-informative sites (in pdneses). The
analysis involved 30 nucleotide sequences. Codsitipes included were 1st. There were a total df p@sitions in

the final dataset.
Bacillus subtilis strain MYMI129
4|£ Bacillus subtilis strain AI0
Bacillus subtilis strain MTSS67
Bacillus cereus strain MER_121
E Bacillus anthracis strain SFCFD20130614-18
Bacillus cereus strain A9
Weissella confusa strain SL3
4|E Weissella confusa strain RCB330
Weissella confusa strain A8
Staphylococcus sciuri strain AG
—IE Staphylococcus sciuri strain 2M
Uncultured bacterium clone OTU23
Bacterium CulaeenE9A

{ Exiguobacterium sp. LEA-01]
Exiguobacterium sp. A3 (2018)
I

Acinetobacter radioresistens strain S1-2

Acinetobacter radioresistens strain A7

Acinetobacter radioresistens strain YCY7

Klebsiella sp. B29
E Klebsiella prneumoniae strain MAA
Klebsiella prneumoniae strain A4

Enterobacter hormaechei strain D15
{ Enterobacter sp. K24
Enterobacter hormaechei strain A1

Enterobacter sp. A2 (2018)
E Enterobacter sp. CIFRI D-T5B-80
Enterobacter sp. enrichment culture clone CL-hd
— Bacterium BII-54

L Micrococcus luteus strain A3
Uncultured bacterium clone HL-B49

Figure 1 Phylogenetic analysis of bacterial taxa found in clinical samplesof cariesinfected teeth

Based on the nucleotide homology and phylogenetityais, the bacterial strains A1 and A2 were idieadt and
assigned a&nterobacter hormaechei strain A1 andEnterobacter sp. A2 (2016) (GenBank Accession Numbers:
KT598356.1 and KT598355.1). The nearest homologispef these strains were found toHsgerobacter sp. K24
andEnterobacter sp. CIFRI D-TSB-86 (GenBank Accession Number: KM@3Z4.1 and KP117096.1). The isolates
Al and A2 showed 99% similarity with their respeethomolog species. The nearest homolog specit® aftrain
A3 was found to be Bacterium BII-S4 (GenBank Acaas®Number: HG800059.1) and the strain A3 was ifiedt
and assigned adicrococcus luteus strain A3(GenBank Accession Number: KT598358.1). The sintjlavas 99%.
The bacterial strain A4 was identified and assigasdlebsiella pneumoniae strain A4 (GenBank Accession
Number: KT598354). The strain has 100% similarityhwits nearest homolog species, and the neargsblog
species of this strain was found toKiebsiella sp. B29 (GenBank Accession Number: KT316422.1). Sthein A5
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was identified and assigned Bs guobacterium sp. A5 (2016) (GenBank Accession Number: KT4408Bard its
nearest homolog species was found to Eéguobacterium sp. LKA-011 (GenBank Accession Number:
JN626953.1) and the similarity was 99%. The closelsitive of the strain A6 waRtaphylococci sciuri strain 2M
(GenBank Accession Number: KT339323.1) with 98%ilsirity and hence the strain A6 was identified and
assigned aStaphylococci sciuri A6 and the GenBank accession number was KT440886B€. strainAcinetobacter
radioresistens strain A7 (GenBank Accession Number: KT440885.1)clwtwas previously assigned ssain A7
has 99% similarity with its nearest homolog spegéiesetobacter radioresistens strain YCY7 (GenBank Accession
Number: JF775420.1). Based on 16S rRNA sequentiiegstrain A8 was identified a8eissella confusa strain A8
and deposited to GenBank with Accession Number: 40B84.1. Its nearest homolog species Wegssella
confusa strain RCB330 (GenBank Accession Number: KT260542nd the percentage of similarity was 99. Based
on morphological and biochemical analysis, it wasntified that the strains A9 and A10 belongs te genus
Bacillus. By 16S rRNA sequencing, their specielavere identified and assigned Bexillus cereus andBacillus
subtilis with GenBank accession numbers KT598357.1 and K&88Q respectively. Their nearest homolog
species were found to tgacillus cereus strain MER_121 (GenBank accession number KT719§%HdBacillus
subtilis strain MYM129 (GenBank accession number KR827431Thge similarity was found to be 100 and 99
percentage respectively (Table 3).

Table 3 Identification of bacterial strainsisolated from dental carieswith partial sequence of 16SrRNA genesreferenced to accession
number in GenBank

.No. | Isolates Name of the organism with accession number Closest relative (obtained from BLAST search) Similarity (%)
1 Al Enterobacter hormaechei strain A1(KT598356.1) Enterobacter sp. K24 (KM377654.1) 99
2 A2 Enterobacter sp.A2(2016 (KT598355.1 Enterobacter sp. CIFRI [-TSB-86 (KP117096.! 99
3 A3 Micrococcus luteus strain A3(KT598358.1) Bacterium BIl-S4 (HG800059.1) 99
4 A4 Klebsiella pneumoniae strain A4 (KT598354.1) Klebsiella sp. B29 (KT316422.1) 100
5 A5 Exiguobacterium sp.A5(2016) (KT440887.1) Exiguobacterium sp. LKA-011 (JN626953.1) 99
6 A6 Staphylococcus sciuri strain A6 (KT440886.1) Staphylococcus sciuri strain 2M (KT339323.1) 98
7 A7 Acinetobacter radioresistens strain A7 (KT440885.1)| Acinetobacter radioresistens strain YCY7 (JF775420.1 99
8 A8 Weissella confusa strain A8 (KT440884.1) Weissella confusa strain RCB330 (KT260542.1) 99
9 A9 Bacillus cereus strain A9 (KT598357.1) Bacillus cereus strain MER_121 (KT719696.1) 100
10 Al10 Bacillus subtilis strain A10 (KT440888.1) Bacillus subtilis strain MYM129 (KR827431.1) 99
DISCUSSION

Dental disease is a progressive bacterial damatgetb exposed to oral environment. It is one efrtiost common
diseases found in all age groups because of itgivrely rapid progress and it is the main causéooth loss in
younger people. The ultimate effect of caries ibiteak down enamel and dentine to open a pathdotelia to
reach the underlying tissue [13]. Detial. [14] recovered 320 isolates from 150 samples. &palraet al. [13]
processed 100 caries samples on different isolatiedia like blood agar, Lactobacilli isolation agactinomycetes
isolation agar and sabouraud dextrose agar anatésbP18 microbial colonies and Chandrabdtzal. [8] isolated
39 bacteria from 50 dental plaque samples. In tlesemt investigation, from 10 caries samples d tufta#05
colonies were observed at3dilution.

Dental caries is placed into the category of ady@ity dependent problem. Actually the cause ofesais not due
to a single organism, but a series of microorgasisgoperatively responsible for this [15]. In thregent findings,
organisms such ds. hormaechei, Enterobacter sp, M. luteus, A. radioresistens, Exiguobacterium sp, W. confusa
(basonym-actobacillus confuses), S. sciuri andK. pneumoniae, B. cereus and B. subtiliswere identified.

Among the selected isolates, two gram negativedasd negative, fermentative and nonpigmented ratits the
general characteristics of the family Enterobaaterae and of the genus Enterobacter were notedsdlages were
further identified a€. hormaechei andEnterobacter sp by 16S rRNA sequencing. Kiehal. [16] and O'Hareet al.
[17] found the dominance d&. hormaechel by sequence analysis from the supragingival plaBaek-Brito et al.
[18] suggested that the microorganisms of the Bhtasteriaceae family present in the oral cavity serve as a
reservoir, and can severely compromise the livémofunocompromised individuals. Mahopattal. [13] worked
on samples of dental caries from different hospitaid clinics of Bhubaneswar and have reportegtbsence of
Saphylococcus sp andKlebsiella sp. In the present stud$, sciuri and K. pneumoniae were isolated from dental
caries.S albus andK. pneumoniae were also reported by Olorunjuwehal. [19] in the infected teeth.
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In the present study, a gram positive short rod idestified asw. confusa. The organism was previously reported
by Olanoet al. [20] who states thatV. confusa can be identified and differentiated from othercee such as
Enterococcus spp; S eptococcus spp; Lactobacillus spp; and_euconostoc spp. by its biochemical and physiological
properties. Leet al. [21] studied on ten patients with bacteraemia edus/W. confusa which are rarely reported.
Among the cultures isolated, the routine identifioa of A. radioresistens and Exigoubacterium sp. were not
possible by a phenotypic approach, due to theierad®s in the databases of all commercial biochenkitsl Thus
only identification by using a molecular approachsvadone to evaluate the accurate identificationtdDet al. [22]
also used the molecular approach to identify twganrsms namelyA. ursingii and A. schindleri. Similarly,
Andersonet al. [23] foundE. aurantiacum among eight identified taxa isolated from secopdaot canal infections
for the first time and had not been detected in-filed teeth before.

The isolate A5 is a gram positive, cocci and mabigeteria which is identified dd. luteus. It also has been
identified from oral flora by Raju and Anitha [24hey also reported thad. luteus and B. subtilis were the most
predominant bacteria among all the isolates inalemaries.

Bacillus sp. was discovered by Cohn and Koch in th& &éntury in which this group contains gram positive
endospore forming rods. In the present investigatioe isolates A9 and A10 are gram positive, epdi@sforming
and motile bacteria. Isolate A9 is a rod shapedebian whereas A10 is a short rod. Phylogenetidyaisabased on
16S rRNA gene sequences indicated that the badtelomgs to the genus Bacillus and were identifigB. subtilis
(A9) andB. cereus (A10). Jain, [25] also isolated and identifiBdsubtilis from oral samplesB. subtilisis the one

of the predominant bacteria as mentioned earlidR&jy and Anitha, [24] and they too isolatdcereus from oral
samples.

In summary, the present study showed that 16S rRBBRduence analysis is a fruitful approach to detszntihe
phylogenetic relationships of cariogenic bacteria.

CONCLUSION

The results obtained from the study shows thatrehability of phenotypic tests for the identifican of cariogenic
organisms is inadequate especially fminetobacter radioresistens and Exiguobacterium sp. Indeed, phenotypic
analysis was combined with molecular identificatimethod ie, 16S rRNA sequencing. Even if the praved of
the organisms remained unclear, this study higtdighe importance oEnterobacter sp. Micrococcus luteus,
Klebsiella pneumoniae, Exiguobacterium sp., Saphylococcus sciuri, Acinetobacter radioresistens, Weissella
confusa, Bacillus cereus and Bacillus subtilis among opportunistic pathogens. Additional studiese needed for
species level identification of the organisBdguobacterium sp. A5 (2016) andEnterobacter sp. A2 (2016) and
may be achieved by other molecular methods. Finaltyre isolates will be needed to increase the kexbge about
cariogenic organisms.
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