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Abstract

Streptococcus mutans (S. mutans) is the major causative bacteria in dental caries. Xylitol is effective

anticarious natural sugar substitute by inhibiting the virulence of S. mutans. However, long-term xylitol consumption leads
to the emergence of the xylitol-resistant (XR) strains which means xylitol is no more inhibited their growth. We therefore
confirmed the general characteristics and the virulence factors of the xylitol-sensitive (XS) and XR S. mutans for different
concentrations of xylitol. S. mutans KCTC 3065 was maintained in TYE medium containing 0.4% glucose with 1%
xylitol during 30 days at 37°C, 10% CO, to form XR strain. The strains were transferred to new medium every 24 hr and
the same procedures without xylitol were repeated for the formation of XS S. mutans. Both XS and XR were cultured in
different concentrations of xylitol (0%, 0.1% and 1%) then, cell growth, acid production and mRNA expression of gtf
genes were analyzed. Xylitol reduced the cell growth of XS S. mutans in dose-dependent manner, but not reduced that of
XR. Xylitol inhibited acid production of XS in dose-dependent manner, but not inhibited that of XR. Xylitol reduced the
g/B and g#/D mRNA expression of XS S. mutans which genes synthesized soluble and insoluble extracellular
polysaccharides, but not reduced that of XR. These results indicate that the virulence of XR S. mutans is different
characters of XS strains, which suggests XR strains may have different cariogenicity of XS strains. Further study is
needed to explain the mechanism related to extracellular polysaccharide in the XR strains.
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FAAFFAATY ARALAE NN B
mutans KCTC 30655 0.4% 32X (Sigma, MO, USA)
o] Z3+E TYE HAMIA] (Trypticase yeast extract: Difco
Laboratories, MD, USA; 1.7% trypticase: Difco Laboratories,
MD, USA; 0.3% yeast extract: Difco Laboratories, MD,
USA; 0.5% sodium chloride: Sigma, MO, USA,; 0.25%
potassium phosphate: Sigma, MO, USA) 10 mle] &<z
£ (Sigma Chemical MO, USAYS FHZEF%7}F 1% (66
mMy’} EIEE H7Fsle] 37°C, 10% COLIA d714 4
B2 24717 viFeisitt. g w93 2449 vl
Aol At gy 100 pls EFate] o]& 3097k wHs--

A%t hzze] 35 AL ES A %2 F
SHESEL R DS ES

2) AdEE WAHTe] &<l

HiF w 10€mkct B 74 29l flaS glsk] @
3led GTFB specific primers ©]8-3t] S mutansd< &
Asisdet. Adel=el ol Aol FeleiAl A== A
5 AU E T (XS), ALEES HIrsAY F
7¥slA] AV A7ge] Atol7t Sl A5 A E WA
@5 (XR)E A3kt

3) AP E APs=

FAE XRY XSE 02% EEFo] ¥3E TYE A
A 10 miol] ALEE HFTEEE 0%, 0.1%, 1%7F =
5 Hrtete] ztzbe] A A, A 2 fA)
1y 5o 58AH 548 vttt

S. mutansg Z}7+e] wjA ol ODy,°l 0.057F =5
Fkd 37°C, 10% COLIM 5 12413 52k gl
B, v} Azkeke Al gele] FREE 600 nme] 9
oA &4 (ASYS, Austria)stal, ©]& v 2 doubling
time (Td)S AlAFslAth B3k 2MEAE BEE glsh] 9
sto] Al S 5,000 rpmolA 1087 YRS &
e mz Belslel 49 T2 Wgn et of
£ pH meter (Radiometer Analytical, Villeurbanne, France)
2 Ahgsle] 2T WaRe] 579k pH el 3
|= A3 gl (Data now shown).

o

2) gtf A2 mRNA 23 22

S. mutanss ELg 2002 WYAIZ] T Tri-Reagent
(Molecular Research Center, OH, USA)S A3} total
RNAS FZ319t. #2]"d RNAE AHHSIL 2 ugs
TaKaRa RNA PCR Kit (AMV) Ver.3.0 (TaKaRa, Japan)
£ ARgste] AL e, ol & 32 SRTE 29 3
A5te] ARE-SHATE mRNAS] 33} 492 Rotor-Gene
6000 (Corbett, Australia)}?} SYBR® Green I Nucleic
Acid Gel Stain (Invitrogen, CA, USA)S A& AAI7H
ZH4AMIHS- (realtime reverse transcription-polymerase
chain reaction; realtime RT-PCR)E ©]&-3}3it}t. Ad
AF8-38E primer= Shemesh 529¢] =l A3 realtime
RT-PCR®] 7} == 200 bp o] EH== A28t
(Table 1). PCR ¥H&-&Ho] 42 0.5 x syber green
(Invitrogen, CA, USA), 4 ul cDNA, 0.2 mM dNTP mixture,
0.1 uM PCR primers XE3+ste] F 20 7t HE=5 1T
WhS AL 95°C, 1537} initiation denaturationS Z13)
Sk & 60°CollA 137 annealing®} extensions X18Y3}5C.
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Table 1. Real-time PCR primer for identification of g¢f genes
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Primer sequences (5'-3")

Locus tag Gene description

Forward Reverse

16S rRNA Normalizing internal standard CCTACGGGAGGCAGCAGTAG CAACAGAGCTTTACGATCCGAAA

SMU 1004  Glucosyltransferase-I (g#/B) AGCAATGCAGCCAATCTACAAAT  ACGAACTTTGCCGTTATTGICA

SMU 910 Glucosyltransferase-S (gtfD) ACAGCAGACAGCAGCCAAGA ACTGGGITTGCTGCGITTG
o, =] dEAY o] vwE $13 standardZ ©]-8-5} ARl BEA-& vlwslr] Qs 1% AdElES st
7] 918t S, mutans®] 16S IRNAZS AF&-alA4] normalization F 12775k wioksby XSoF XRe] Al A AMYAdS 8
SlTh 23S F W o] RNAS Este] 13gsile ﬂé??it}. 1% Adel=o 1 A7FE TYEo| wide XRe
o] A3E Aol o] &3t 73 A QFAL AR Al aRe|= A

EARAE AZEY0]o SPSS
14.0 ZZ23] (SPSS Inc, IL, USA)S o|&3le] £A3}
Aok AdelE ATk WdF ZelA AdelE
5o mE A 9 ARIA, S 3 AE9 xlole
Kruskal-Wallis 73782 Eaﬂ BAEgon AdeE 724
AF WAFT Atole] A7 2 24 Az b A
9] Zjol= Mann-Whltne ARG ol &sle] vlwalTh

RE FARNeIN Fol4 BHL N HIFES %
EEEL
g I
1. XRZ} XS2o| lHIMo| EZIH|1wm
F4E AdelE WA (XR% AT (XS)9 ¢
A 0.8
—— XS
07 == XS+1% Xylitol
0.6 —a—XR
== XR+1% Xylitol
0.5
0.4
0.3
0.2
0.1
0.0

0 1 2 3 4 5 6 7 8 9 10 11 12

35208 e BUe oAl weE Xsel 29
ﬂb vw]@ﬂﬂh»@hgﬁﬁqwmg1A>wﬁnﬂ
= pHel WslE S8 A 44D A 1% A
Ue)Eo] A7kel TYES] wigks Xsel Agel A4
| AL S 5 AT (Fig. 1B).
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0%, 0.1%, 1%2 Xe|lE s0| ME XRat
XSe| M&nt LMol v
FAE XRA XSE 27 0%, 0.1%, 1%°] AL ES
H7kstel st el Weks el (Table 2,
Fig. 2). 0%, 0.1%, 1%°] AFde]Ee] H7H TYECIA
g Xso] Agolle Ao T EHoRE 4
o] JAEJ M (Fig. 2A) PRIV R AIAE % ¢
X072 AAEE RIS (Fig. 2B). WHH, XRe] 7
- XSoh vhEA] Ak el e A7k AdelE
T} (Table 2).
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Fig. 1. The growth curves (A) and the pH curves (B) of XS and XR S. mutans in the presence or absence of 1% xylitol for 12 hours.

Table 2. The optical density of final growth and the pH value of XS and XR S. mutans in the presence of 0%, 0.1% and 1% xylitol for

12 hours
. XS XR
Xolitol % Final growth . Final growth .
(mM) Td ODy, Final pH Td ODy, Final pH
0% (0 mM) 3.2+0.0 0.69+0.01 5.37+0.01 3.2+0.0 0.69+0.01 5.50+0.00
0.1% (6.6 mM) 3.4+0.0 0.58+0.01 5.58+0.01 3.2+0.0 0.69+0.01 5.50+0.00
1% (66 mM) 4.8+0.0 0.28+0.01 6.52+0.00 3.2+0.0 0.69+0.01 5.50+0.00

*Td = doubling time
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Fig. 2. The growth curves and the pH curves of XS (A) and XR (B) S. mutans in the presence of 0%, 0.1% and 1% xylitol for 12

hours.
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Fig. 3. Relative quantities of g#/B (A) and g#fD (B) mRNA expression of XS and XR S. mutans in the presence of 0%, 0.1% and 1%
xylitol for 12 hours. The fold change of both bacteria in the presence of 0% xylitol was set as a standard (Fold changes=1.0) and data

are expressed as mean=SD.

3. 0%, 0.1%, 1% X2|lg s=o ME off &
x| wa dHlm

A7HE A& Frol e XSeF XRe| Al E2) thd
T S 2 gifBek gifDS] mRNA &S real-time
RT-PCRS F3atod &Rlg A3} XRe| Z-9-ole %oy
AT v R A Rke] W] 2ol AL Qe
o] vj3l], XSe] Z9oll= H7be AdeEel s o
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