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A B2 Avgel Adeles AHesle] AFozre AL FASE T4 glucosyltransferase(GTF) 2
mRNA 2d] )= d%E Fluorescent in situ hybridization(FISH)# 4222478 o] 43k BEAs gL
AHRE AUt

1. FISH ©423} 1% #4go] $¥ BHI WAl 1%, 5%, 10% AL2EE 371819S W) gtfB, gtfC 2 gtfD mRNA
o] T2 AR JAHNL, gtB Brhe gifC 2 gtDe] 2do] o ZA A=t

2. FAAESY7 2 B4 2F B 2t 0.1%, 0.5%, 1%2 Z718 wat gtfB, gtfC 2 gtD mRNA ¥
S7Fd .

3. FAAESH7 2 B AT Ao 1% AL W 1%, 5%, 10% AL E-L #71e AL gif B, gt 2 gtD
mRNA $do] FAHA AHR o™, 10% ALe] B A7H8 2S5 gif B, gtfC 2 gtD mRNA 2&o] 71 24
A = At

ol’de] AdE FHHA AU EL AFHI G Streptococcus mutans®] gtf mRNA H&S oAlslo] 894 g3
o 71ed3te Aoz A,

F20{ : AL E, Streptococcus mutans, gtf A2, mRNA, FISH, 444 £=4

.M 2 AT T ATES dUN PR Fgain, v5=gA

SFAL 2 A ¥ 44 d & AHATLE ol Fe F

7‘] o} #4537 A F A%e] ZHAAR] FENL F847} H) 2983 oot wab, 584 € 8584 SFEUL HAT
44 EFNCE WroRn 37 U Aol Aaksks o Ao Fa3 AR a & Y2,

glucosyltransferase(GTF)°ﬂ o8l ApFozHE AP A8 & (xylito) = A BLEA Aulg2x 49 A S

2o} $-21F] dJFez 43A S. mutanss GTFB, GT- 2 gy o5 It ALFYEL AP HAA duRgdes
FC, 3 GTFDE Aibsletl 12 gtfB, gtfC @ gtfD #4 2w, A9, AYE, TYEo] EAE v} Streptococcus mu-

Zke] ol 93 et gtfB 9 gt ¥|4H44 2 tans (°]3t S. mutans) & S48 JA|FhH#® | Egu)] okl A
< $43t= GTFBY GTFCE AFsle SAAlo|1 gtDE S. mutans ° TIg 42 Addoz JAsciz A 9l
T84 FF0E 3= GTFDE AFske AR o|tP?, oo ZE7IH o2 AdElEo| S. mutanse] B3 EA5H
T84 SFAL AAATRe R FAslo] Sojgo g AW & phosphoenolpyruvate (PEP):fructose phosphotrans-

ferase system (°fru-PTS)<l ]3] AlE W2 $uts]o] A}
DA 2 M HA &+ xylitol 5-phosphate (X5P) FHZ A Hn o]

FLAL AT ofolE 1-170

SMCYStE A TCYE 2opA DA A3 2 QS At AR BadHdd®. & AZ U &
Tel : 051-240-7450 28 X5P7t ERIAtstE WA Apd ] ol ”P~°17<l o] ALz
E-mail : shinkim@pusan.ac.kr E2 AE Bto 2 vjEE e, o]EA AlXE gia gto s

o] Al&se Fr3 32 (futile cycle) S THEo] Wozx A
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e TFFELWAQ PEP:sugar-PTS0] A%F S, mu-
tans®] $4°] 94 2 F Jdvtm LA PP & QdYE
A3l A3 etdo vt X BAFE] S, mutans®] $AF A
2 ¥ o ARATTY] A o] FAFn BaE e,
a3y, S, mutans®] GTFY #AAE o1& Bad u} ¢
ok A, B AddMe A\ATY g4 $23 GTFY
mRNA 28| g ALz &9 93-S Flouorescent in situ
hybridization (FISH)Z $-44 X247 (flow cytometry) S
o|-g-3t] A3}

aj

CHTAE 2wy

1. Al tljef

S. mutans Ingbritt (serotype ¢)& brain heart infusion
(BHI, Difco, Detroit, MI, USA) brothell &3t 37C &
A7k v FTIA A skt Wik & F43% S, mutans
IngbrittE Y wiAlol| 23] A% wjgated S F ALE-
a3t

2. Mol &3

1% Aol A7t A7 EA &2 BHI AA] wiz]of =4

B2 0%, 1%, 5%, 10% H=% 7}t & S mutans
IngbrittE HE3dte] 37T wjdr]olM 24A12F wigstgich. wy
FAL A A2 FgAsle] BHI & wijAld =dd 3
37C wjF71 A 4841wkt F F2413 Rk 2 A st
At

T
=

3. Oligonucleotide probe M=

gtf ¥4 29 mRNAl & oligonucleotide probee
Fujiwara V¢ E3d| we} A==k RT-B1117(5-
cataaggegttaattteecttca-3"), RT-C1195(5 -cctgtgaagt-
tagcttgetattg-3") 2 RT-D1164(5-ataggctgtcttategetgtt-
gcta-3") probex S. mutans MT81489] gtB (GeneBank
Acc. No. D88651), gtfC (D88652) & gtfD (D88GH3) H-4
7+ catalytic domain®] 5" T e] F7|MLol] ARA 0
E Azt vlo] euolof] o]F3ted A|2H probed] 5 To
o fluorescein isothiocyanate (FITC)E ¥-atith. Alxd
B4 probet HAAFEE WS Mt ALLsl71717] -
70°Cco] @3}

4. M HMA2|, Fluorescent In Situ Hybridization

(FISH) ¥ 24

1% AB3 1%, 5%, 10% AL &S H7Hg BHI HAu)
Aol S. mutans IngbrittE ZE3ld 37C W) oA] 92]7F
B Fgt & 3ul] volume®] X712 4% paraformaldehyde &4
< A7ksled 4coll A 16412 W18ty 2R A AT AatekE g
9 (PBS, phosphate buffered saline, pH 7.4)2.2 3000
rpmolA 1087 A& g & A2 AAE Fake| PBSS} o gk
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&9 10045 H7HgE F 20Tl A 1A13E o]

At o= FP 2 ol 201H FAst] 37TCAA 2
AIZF Ad Z 50%, 80%, 100% ol ergo] 383F @7} &A)

Ao}, £dtol=o] 1A E Aol 4% 10ng®] B % probert &
49 hybridization €% (0.9 M sodium chloride, 0.01 %
sodium dodecyl sulfate (SDS), 5mM EDTA, 20 mM Tris-
HCl (pH7.2), 35% formamide)< 71819 46° ¢l 2417t
¥h2-A171 & Al- 9 (180mM sodium chloride, 0.01% SDS,
5mM EDTA, 20mM Tris-HCl, pH7.2) .2 M3 48C= 7}
23 Al F Ao 2087 E 1 BOFE AL F ARt 34]
7 Wl 239 o)A &l confocal laser scanning mi-
croscopy (CLSM, Leica, Heidelberg, Germany)Z& ©]&s}
o YPA=E BAFAT

5. RMMZ ZHV|E o|Fst &4

0.1, 0.5%, 1% #A2e°| &+ BHI dAR= ¢} 0.2% 2
1% A3l 1%, 5%, 10% == AHLE &2 H7)% BHI ¢
AujR o) S. mutans IngbrittZ HF3l] 37C U7l A
2477 Wi sttt PBSE 3000 rpmolA 1083 A& & ¥
AL AL 50% e 1004E A/RE & 204 14]
7t o] WA AT PBSE ThHA] Al ¥ te] A A& A A
M 10 ng9 F3F probe’t &FE hybridization £
(0.9M sodium chloride, 0.01% sodium dodecyl sulfate
(SDS), 5mM EDTA, 20 mM Tris-HCl (pH7.2, 35 % for-
mamide) & A7Fsld 46ColA 2412 ¥-3-A171 & 3000 rpm
oA 587 f4lsted AAAE wEn JREY PBS 1mle
o] dgr7l & FAAEZESAY7] (FACSCalivur, Becton-
Dickison, San Jose, USA)9] Cell Quest software® ©|-&3}
o £t

T o7 45

1. RUE|E2| S. mutans Ingbritt2] S4lof| CHet At

1% Aol i€ BHI dAuR o] ALd8ES 1%, 5%,
10% #7139 we] AF47) 3.32x10°%.f.u./ml, 1.68%
10°%.fu./ml, 9.2x107%c.fu./mlZ H7}3A] &L =T
3.36x108c.f.u./mlel Bl&l 10% AL E H7lo 28 <zt
ok, BHI AAEiR o AE HrbetA] gdn AdeE
g 1%, 5%, 10% 718t S. mutans IngbrittE B3t
A$ Aarb 1.46%10°%.fu./ml, 1.03x10%.f.u./ml, 9.54
x10%c.fu./ml2 ZT9 5.64x10%.fu./mlo ¥|5] 10%
A Eo| H7HE A5 e AAaE Jephd
2. FISHol| 2|t gtf REA} el bt
BHI dAA] o] A2 H7VepA] @& 2ol vlal 1% S
A7 7% gtBrARe] mRNA o] A3 S5+
th. gtilC 9} gtDe] A5 AdE A7l = 745 TdHA
&k, 1% AdS AR A 2ol FrkstAthFig. 1).
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BHI AAui=]e] A2& A71iA] gx AdaE9he dte

73F gtB, gtfC & gtD FAAZE FAHA Fke} (Fig. 1).
1% Ade] H7bE BHI dAui=|o] AdelEL 1%, 5%,
10% =7 #A71e B8 1% ALYES A7 4 S gtB 2
gtfC ©] mRNAY U3 B33 =rl Avkdw 748 v gtD
AME AL &L HA7lehA] ¥k W} v)ssiginh e
< 5%, 10% 271 A% 838757} 55 & o i
HA=t gtB Bode gifC 2 gtfD mRNAd 3 374 =
7b 2A JA A (Fig. 2). ZH2te] B373=e] Wah= Table
1o aoF3tgirt.

Media

Table1 FTC fluorescence observed by the confocal laser scannmg mlcroscope

BHI

BHIS (1%)

BHIS (1%) + xylitol (1%)
BHIS (1%) + xylitol (5%)
BHIS (1%) + xylitol (10%)
BHIX (1%)

BHIX (5%)

BHIX (10%)

—

3. FAME ZYIIE 0IET gtf REAL WHe| 2

BHI A= el 0.1%, 0.5%, 1% Ad& A718e o 3d
BB ETY 47} gtBe 75 9.96, 28.20, 29.84, gtfCo] 7
¥ 10.34, 22.51, 32.10, gtfD9] A% 10.03, 20.52, 30.24
2 AFE HAA F& dRT gtfB, gtfC B gtD9
10.09, 13.76, 9.125} 5%} 10% A2371el 28 St
Ach(Fig. 3, 4 2 Table 2). 1% A2°] F71E BHI HAuA]
o AL EE 1%, 5% 2 10%=A 27 B¢ Bd837
7t gtBe] 79 19.78, 13.46, 6.73, gtfCe] 7% 15.73,
16.22, 7.69, gt 7% 17.03, 12.44, 65322 AL E

T

92.3 9.0

696.7 511.5 3553

362.0 257.2 451.7

212.3 68.9 1374

1562.3 38.6 55.4
17.3 2.2 10.7
6.1 2.5 74
3.7 2.9 2.9

BHIS : BHI + sucrose, BHIX : BHI + xylitol

Table 2. The expression of gtf mRNA of S. mutans Ingbritt detected by flow cytometry. Mean fluorescence intensity of

k Media

FITC- stamed bacterial cells expressing the mRNA of gtf genes

Fig. 3. The expression of gif mRNA of S. mutans Ingbrit grown in BHIS broth for 24 hr was detected by the
hybridization with each probe. Thin lines for the control and thick lines for the mRNA of gtfB, gifC and giD.
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__ Mean Fluorescence Intensity
BHI 10.09 13.76
BHIS (0.1%) 9.96 10.34
BHIS (0.5%) 28.20 22.51
BHIS (1%) 29.84 32.10
BHIS (1%) + xylitol (0%) 34.62 37.25
BHIS (1%) + xylitol (1%) 19.78 15.73
BHIS (1%) + xylitol (5%) 13.46 16.22
BHIS (1%) + xylitol (10%) 6.73 7.69
BHIS : BHI + sucrose, BHIX : BHI + xylitol
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Fig. 4. Flow cytometric analysis of the mRNA expression of gif gene of S. mutans Ingbritt
grown for 24 h in BHI broth containing 0.1% (A), 0.5% (B), and 1% (C) sucrose. Thin line
for the control grown in BHI broth without sucrose and thick line for the experimental group
grown in BHI broth containing each concentration of sucrose. Upper, middle and lower
panels indicate the mRNA expresssion of g8, gifC and gifD gene, respectively.
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Fig. 5. Flow cytometric analysis of the mRNA expression of gtf gene of S. mutans Ingbritt
grown for 24 h in BHI broth containing 1% sucrose plus 1% (A), 5% (B), and 10% (C) xyli-
tol. Thin line for the control grown in BHIS broth without xylitol and thick line for the experi-
mental group grown in BHIS broth with each concentration of xylitol. Upper, middle and
lower panels indicate the mRNA expresssion of gif3, gifC and gtfD gene, respectively.
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< A7PA 41 1% AR Je WRTY gtfB, gtlc 2
gt 9 34.62, 37.25, 33.41 B2t} Z4aslgen AdeE
FETH S/ whet gtfe] SRR =) o 3A sk A
< 29t} (Fig. 5 € Table 2).

e

Iv.

Of

B dTolAe AAdElEe] S. mutans Inbritt?] gtfB, gtfC

R gt FAA] mRNA 28 dA e A& FISHS +
A E2A712 BReaTt.

AL &2 1890 Y9 334} Fischer $ Stahelel] 2|
3 U= Hgez 2l 58 FLE(polyol) 2+
TER A9H ¥ 9EE Ay Uil 5L o Folg
E% A (cooling effect)7} 1ol FUA, A7}, ot 2 77}
AYAE T ot TR A Fol) ] ALgEr} 19729 5]
1974'd¢ Al3E Turku Sugar Study® AL e &9} x|o} &
A5 DA g A Z9E B F23 AFA o,
o] AN 2d Bt FHEE A% AP AdYER 7
Alste] Az 2 FE3 29 ALNER WAD B¢
AR} IhgTel Hlg| o} 2159 Aol il Ed A

BoEe “34 85% olgoivt -4 Aol AU SS
23Tt 2 ¥ Hungaryd] AF3He 6~ 114 o}5S tiio
2 337 AN AT AL ETS AAHE 4HE o
Zo] vlal 92 WA E] 45% FAEH 1, Polynesial
AFdE 6~124 o5& e s 3 APAE 518 209
A2 &S AT oM HEAES 9 2T B8 ¢
A By o] 37% AAFATYR RnHdg®. ATd=g
Ylivieskaoll Al Algd A7-23 s+ 37 == 2749 AL &
e L AL 22 Dol 242t 60%, 30% % 5:%‘01 B3y
AP AN det A E AL EL e 2L 2
N B AAE o) XHA T FF FAV) 248 AR K
WA A7t Zagto] B s Qohes® 171 1) v 23}
3t A = 19849 Loesche 0] AU E A4S YL &
AX B4 Wl S. mutans AV FESA 2A4ES Bag gt
9, 0 oA AL Eg A7 A0S o Bl O
S. mutans A} 3HAaskA] ¢k9ka, Al S, mutans & X
A eke] BaEo] T AT, AL B A
T S. mutans o ¥ &g 2oid eI g},
(1) Al o3 HEER] Fol Al T4 719 4 gich.
(2) AL & w&2EH 77 BN SAo] %3 AU E
WA 371 28ET. (3) obr| ity R ole] FRE 27}
AlA AdATEe A4S F3AT (4) AT HellA X5P§
ulol A W) FE ¥4 2 AEe g2 23 (5) fu-
tile cycles THEo] AU EY AE YEY 44 f&& ut

3t &, A W2 R o] 48 5 gl X5PY A4
*‘i GAZE AAFAY, futile cycled] ¥HE] 2@ ojulx]
nZgz Mg F2o] gk Aol
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"o AFE H7BBHAY Ak &L
10%9 98l S. mutans Ingbritt®] =2
. 1%% 5%AM e AL ES @7}6}74
Hj3) & Afo]l & Holx] 9ttt ole, E ATelA
TR AU B o3 Ad8AA7] S. mutanse] 2
o3 Zlo] obd & & & et
DL T4 éé} §29 GTFB, GTFC, ¥ GTFDE 2tz
B8t FHAR] gtB, gtfC 2 gtD2] &) & FA
GTFBY GTFCE e-1,3 o] TR v|¢84 2%
M 3= 542, QTFBE 32 Aaudze 2% #
O]—.l_ GTFCE hydroxyapatite 2] At Fol i)
AU, GTFDE «-1,6 Aol 5 484 277
ste Edoltt B AN gtiB, gtlC 2 gtfD F3#
2] mRNA®| i3t FITC7} 24 83 probeE A2l gtf
FAAe] mRNA @S FISHE o] &3l #33 A} A3
o] Qle A%l ¥d 1% Z}%l AL ul Al SRR &o]
RF F7Fe A, AdEES AUk 7S ddol ade A
< #EASSACE Sole xd° 10% A4 &L 7 }fﬂ
mRNA 2&8o] A AstE Loz Bstn 7
< Yeille 22 Aldo] Al f4F B2FA FEEUEd
AL E wZo] g3 gtf FAAE LA Wéi‘-ﬁ} z
& Aoz AztEr, o] date ALY E w29 o8 AT
F7} 2P E o)A Hael FHHdm & 5 glrpEe,
FAAEZEZ 7] <3 443 FISH 93 &= vpit
WA 2 AFAd 7l & gtf #72ke] mRNA 2&o] A 44
2 BT AdeE Aot e gAaHAEY 1 e 1%
A& ASA Uet). ol Aeze] AL ENCZL gif
T Ho] BHA 02 AP YeplE ZAE SF0
AWA T T2 JEo|n Xol¢-2FH WA FHo] IS
< A4 i Az AdeBo] RS vETE oA
o] B3et fAR D B 4 AT, E, GTFE Al 77 Wl
FaZ% F+ adhesing €Fo|nz AU EJ 3 gtf
mRNAS| TAAA = 2Dl Eo] A2 7}l &3t S. mutans
9] 3L AAdTe Ex® 9 AU E Aot 93 S. mu-
tans ¢ X|AA|Ee] FaEo] Astdthe Hu*el YRS
d#dga & 4 gk
AdEEL PEP:Cfru-PTS| &) A% Y=z Lukg =
X5P FE 2 FA o] & tiate}l BT Fhe] SAE A
T gEA o, GTFe tid 3k deiA A o} &
APl e AL Eo| gtf FAAY] AL A 1 3=
< gtB, gtfC B gtD FAANA H|&3-S #Es9 =,
S. mutans® F40] AR G FroME gtf FAA &
o] JAHH 1 HTE gtfB, gtfC D gtD AR BFoA
frAbIA T, 28402 AU EL S. mutans?] FIe =
HA L2 gtf ARl AF 2H8-ete] mRNA 2E-E A
o2 AlgHr},
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i

=2
-

AU 59 ALY ES Al AAgory

2 2:¢1 glucosyltransferase (GTF)¢
B ulX = 93 Fluorescent in situ hy-
bridization (FISH)# #FHX547]8 o] 43l £ 3o
oo 298 4

1. FISH 443 1% &3] &2 BHI WA 1%,
5%. 10% AL ES W89 S W gtfB, gtfC L gtD
mRNA H8o] 5% & o7 JAFU 7, gtB B
gtfC 3 gtfDe] Tdo| o AA AAH Y},

CFHAAEERVE BAR dn AFe 57 0.1%,
0.5%. 1%= S7¥&l wet gifB, gtiC 2 gt mRNA
W o] FrkstA

ARSI Z BT A Ago) 1% FHEAS 1)
1%, 5%, 10% AA98&& A7t 4§ gtf B, gtfC &
gtfD mRNA T&o| §ABHA AU eH, 10% AL

B2 A7 A% 7P 34 dA=E

ol el AE FTFIAE ALYEL AFHIN <3 3.
mutans®| gtf mRNA A S JAsle] A F o) 718}
= A2 AZE A,

ro
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Fig. 1. Photormicrograph of FITC fiucrescence observed by the confoca
replacing sucrose with xylitiol. {A) BHI broth; (B} BHI broth containing 1% sucrose (BHIS): (C} BHI broth containing
1% xylitol: (D) BHI broth containing 5% xylitol (E) BHI broth containing 10% xylitol. Upper, middle and lower panels
indicate the mRNA expresssion of gifB, gffC and gtfD gene, respectively.

laser scanning microscope before and after
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Fig. 2. Pnotomicrograph of FITC fluorescence observed by the confocal laser scanning microscope before and after
the addition of xylitiol. (A) BHI broth: (B) BHI broth containing 1% sucrose (BHIS): (C) BHIS broth containing 1%
xylitol: (D) BHIS broth containing 5% xylitol (E) BHIS broth containing 10% xylitol. Upper, middle and lower panels
indicate the mRNA exprasssion of gifB, gifC and giD gene, respectively.
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Abstract

THE EFFECT OF XYLITOL ON THE EXPRESSION OF GTF GENE

Chung-Hyun Yeom, Jin Chung*, Tae-Sung Jeong, Shin Kim

Department of Pediatric Dentistry and Oral Microbiology*, College of Dentistry, Pusan National University

Xylitol, a five-carbon natural sugar alcohol, is widely used non-cariogenic sugar substitute. In present study,
the effects of xylitol on the expression of mRNA for glucosyltransferase which synthesizes glucan from sucrose
were detected by Fluorescent in situ hybridization (FISH) and flow cytometry. FITC fluorescences for mRNA of
gtiB, gtfC and gtfD were decreased further with increasing concentration of xylitol from 1% to 10% when detect-
ed by FISH. Flow cytometric analysis also showed that the expression of gtfB, gtfC and gtfD was increased by
the addition of sucrose and decreased by the addition of xylitol to BHI broth containing 1% sucrose. In conclu-
sion, the expression of gtfB, gtfC and gtfD mRNA was decreased by the addition of xylitol.

Keywords : Xylitol, Streptococcus mutans, gtf gene, mRNA, FISH, Flow cytometry

313



