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Quantitative Analysis of Weissella cibaria against Periodontopathic
Bacteria by Real-time PCR
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The objective of this study was to analyze quantitatively whether Weissella cibaria could affect the proliferation of
five periodontopathic bacteria, Porphyromonas gingivalis, Tannerella forsythia, Treponema denticola, Aggregatibacter
actinomycetemcomitans, and Fusobacterium nucleatum, after incubation for 8~48 h. In addition, by using real-time
PCR with a dual-labeled probe, each growth of bacteria was examined under different growth media conditions. The
proliferation of periodontopathic bacteria was significantly inhibited by W. cibaria after incubation for 24~48 h (p <
0.05), whereas the growth of W. cibaria was not affected by these pathogenic bacteria. The growth of P. gingivalis, T.
forsythia and T. denticola significantly increased in each growth media after incubation for 24 h (p < 0.05), as compared
to the culture in mixed growth media. However, no differences in the growth of five periodontopathic bacteria were
observed between each growth media and mixed media after incubation for 48 h. The growth and pH of W. cibaria
culture significantly were changed in MRS after incubation for 24~48 h (p < 0.05), as compared to the bacterial culture
in mixed growth media. The pH of P. gingivalis and F. nucleatum culture significantly was changed in both growth
media and mixed media after incubation for 24~48 h (p < 0.05). Our data indicate that W. cibaria significantly inhibits
the proliferation of five periodontopathic bacteria and each growth of bacteria is quantitatively analyzed under various

media conditions by real-time PCR.
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Figure 1. Amplification of genomic DNA from lysed cells. Serial dilutions of genomic DNA from F nucleatum (A) or A.
actinomycetemcomitans (B) were used as templates for real-time PCR. The threshold fluorescence, or the level at which the threshold cycle
was determined, is shown. The standard curves were generated from the amplification plots in the insets (correlation coefficients, 0.996 for
F. nucleatum and 0.997 for A. actinomycetemcomitans). CT is the cycle number at which the threshold fluorescence is reached. The

linearity with R value is observed from 10° to 10° bacterial cells.
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Table 1. Species-specific primers and probes used for real-time PCR

Primers/Probe sets Amplicon size (bp) Reference

F. nucleatum

5'-CGCAGAAGGTGAAAGTCCTGTAT-3'
5'-TGGTCCTCACTGATTCACACAGA-3'
5'-FAM-ACTTTGCTCCCAAGTAACATGGAACACGAG-BHQ-3'

147 (16)

A. actinomycetemcomitans
5'-CAGCATCTGCGATCCCTGTA-3'
5-TCAGCCCTTTGTCTTTCCTAGGT-3'
5'-FAM-TCGAGTATTCCTCAAGCATTCTCGCACG-BHQ-3'

99 (13)

T. forsythia

5'-ATCCTGGCTCAGGATGAACG-3'
5'-TACGCATACCCATCCGCAA-3'
5'-FAM-ATGTAACCTGCCCGCAACAGAGGGATAAC-BHQ-3'

225 (13)

T. denticola

5-AGAGCAAGCTCTCCCTTACCGT-3'
5-TAAGGGCGGCTTGAAATAATGA-3'
5'-FAM-CAGCGTTCGTTCTGAGCCAGGATCA-BHQ-3'

105 (13)

P. gingivalis

5'-TACCCATCGTCGCCTTGGT-3'
5'-CGGACTAAAACCGCATACACTTG-3'
5'-FAM-GCTAATGGGACGCATGCCTATCTTACAGCT-BHQ-3'

126 (13, 16)

W. cibaria

5'-GTGAAAGCCCTCAGCTCAAC 3’
5'-CTACGCATTTCACCGCTACA-3'
5'-FAM-TGGAAACTGGATGACTTGAGTGCA-BHQ-3'

100 This study

231900k PR 2319] RE8HE 919 27ke) Al
o vkt 5572 d7|A Al Petroff-Hausser bacterial

counting chamber (Hausser and Son, Philadelphia, PA, USA) Real-time PCR< DNA template 3 pl, 2 X QuantiTect

E o] g3l MdE 5450 2™, W. cibariats MRS Probe PCR Master Mix (QIAGEN, Strasse, Hilden, Germany)

Real—time PCR

agars 01*9”3}04 *gﬂfﬁi SA3IST 471 WHes 12.5 wl, W32l 2} primer (10 pmol), dual-labeled probe
DNAE F%3 & DNAZ 10°~10"714] 1081% 144 (10 pmol), 12|31 32} BH4-E Hrste] HF §38 25
© 2 43} real-time PCR o] Qs AF4S pl= 3}t Oligonucleotide probes (Operon Biotechnologies,
24383t (Fig. 1). Cycle threshold (CT)E= &#3 S2A}2] Nattermannallee, Cologne, Germany)i= 5' Zttolli=

DNA 5% 7)ol A zFsby, At ] s 2% carboxyfluorescein (FAM), 3' "2%+ol| = Black Hole Quencher
=40l oM A8 Al SEE =S ST (BHQ-1)7F A1 A& o883l om, o] 54 primer

9} probe seti= Table 19 LEFNAT} (13, 16). Rotor Gene
3000 system (Corbett Research, Mortlake, Sydney, Australia)-<-
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Figure 2. Quantitative comparison of bacterial
cell numbers of W. cibaria and periodontopathic
bacteria in the mixed cultures by real-time PCR.
Fn, F nucleatum; Aa, A. actinomycetemcomitans;
Tf, T. forsythia; Td, T. denticola; Pg, P. gingivalis;
We, W. cibaria. *p < 0.05 for coculture versus
monoculture. Values are means =+ standard devia-
tions of three independent experiments.
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Figure 3. Comparison of bacterial cell numbers of periodonto-
pathic bacteria over time under different growth media conditions
by real-time PCR. The growth change of periodontopathic bacteria
compared to the zero time (0 h) was shown as log scale. F.
nucleatum was grown in FN (F nucleatum growth medium) or
FN-M (a mixture of equal volume of FN and MRS). A. actino-
mycetemcomitans was grown in AA (A. actinomycetemcomitans
growth medium) or AA-M (a mixture of equal volume of AA and
MRS). T. forsythia was grown in TF (T. forsythia growth medium)
or TF-M (a mixture of equal volume of TF and MRS). T. denticola
was grown in TYGVS (T. denticola growth medium) or TYGVS-M
(a mixture of equal volume of TYGVS and MRS). P. gingivalis
was grown in PG (P. gingivalis growth medium) or PG-M (a
mixture of equal volume of PG and MRS). *p < 0.05, T. forsythia
culture in TF-M versus T. forsythia culture in TF; #p < 0.05, T.
denticola culture in TYGVS-M versus T. denticola culture in
TYGVS; +p < 0.05, P. gingivalis culture in PG-M versus P.
gingivalis culture in PG. Values are means * standard deviations
of three independent experiments.
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Table 2. The pH changes of periodontopathic bacterial culture over time under different growth media conditions

Incubation time (h) 0 8 24 48
F. nucleatum
FN 6.91£0.01 6.931+0.03 6.8240.02° 6.79%0.07°
FN-M 6.81£0.01 6.80£0.01 6.74£0.04° 6.56£0.06°
A. actinomycetemcomitans
AA 6.91£0.01 6.8610.04 6.91£0.05 6.47+0.07°
AA-M 6.79£0.09 6.7810.03 6.7410.04 6.07£0.07°
T. forsythia
TF 6.8210.06 6.80£0.10 6.8310.13 6.8410.04
TF-M 6.7410.04 6.76£0.06 6.80£0.10 6.7810.08
T. denticola
TYGVS 7.01£0.19 7.01£0.19 7.08£0.08 7.08£0.08
TYGVS-M 6.8610.02 6.8610.07 6.8410.04 6.8410.04
P. gingivalis
PG 6.93+0.03 6.97%0.06 7.14£0.13° 7.12+0.13"
PG-M 6.7810.03 6.81£0.01 6.82+0.02" 6.8240.02"

FN, F. nucleatum growth medium; FN-M, a mixture of equal volume of FN and MRS; AA, A. actinomycetemcomitans growth medium;
AA-M, a mixture of equal volume of AA and MRS; TF, T. forsythia growth medium; TF-M, a mixture of equal volume of TF and
MRS; TYGVS, T. denticola growth medium; TYGVS-M, a mixture of equal volume of TYGVS and MRS; PG, P. gingivalis growth
medium; PG-M, a mixture of equal volume of PG and MRS. *p < 0.05, pH at over time Vversus pH at zero time. Values are means &=

standard deviations of three independent experiments
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Figure 4. Comparison of bacterial cell numbers (A) and pH
changes (B) of W. cibaria over time under different growth media
conditions by real-time PCR. The growth change of W. cibaria
compared to the zero time (0 h) was shown as log scale. FN-M, a
mixture of equal volume of F. nucleatum growth medium and MRS;
AA-M, a mixture of equal volume of A. actinomycetemcomitans
growth medium and MRS; TF-M, a mixture of equal volume of T.
forsythia growth medium and MRS; TYGVS-M, a mixture of
equal volume of T. denticola growth medium and MRS; PG-M, a
mixture of equal volume of P. gingivalis growth medium and
MRS. *p < 0.05, culture in FN-M versus culture in MRS; #p <
0.05, culture in AA-M versus culture in MRS. +p < 0.05, pH at
over time Vversus pH at zero time.
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