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Objectives: Streptococcus mutans (S. mutans) is the major causative bacteria in dental caries, Xylitol is
an 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 S, mutans (XR). The aim of this
study is to analyze the difference of gene expression profile of xylitol-sensitive S, mutans (XS) and XR in
0.5% glucose containing TYE media, using a DNA chip.

Methods: S, mutans KCTC3065 was maintained in 0.5% glucose and 1% xylitol containing TYE media,
during 30 days at 37°C 10% CO, to form XR, The same procedures without xylitol were repeated for the
formation of XS, Both XS and XR were cultured in 0.5% glucose with or without 1% xylitol containing
TYE media overnight and total RNA was extracted, RNA from XS was labeled with Cy-3 dye as control,
and XR were labeled with Cy-5 as references, DNA chip was hybridized for 18-20 h at 42°C.

Results: A total of 277 genes of DNA chip data were significantly increased or decreased in XR. There
is a total of 174 XR up-regulated genes in 0.5% glucose and 1% xylitol containing TYE media, and a to-
tal of 103 down-regulated genes, For compare with results of DNA chip, 11 in up-regulated genes and
10 in down-regulated were verified by RT-PCR. The most abundant increased genes in XR were related
to cell envelope, cellular processes, DNA metabolism, transcription, and protein folding and stabilization,
The decreased genes in XR were related to amino acid biosynthesis, toxin production and resistance,
energy metabolism, ribosomal proteins synthesis, and signal transduction,

Conclusions: These results indicate that the difference of gene expression profile of XS and XR may be
in existence, In particular, results of this study for XR up-regulated genes have a lot of similarities with
the already published xylitol-related researches and other functional studies,
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T2 W Altell o3t A H2hl Xohe-AlSE, A WAt
o U EA8h= Aletse] SAol o e gEs S AN
AARsEAL, o] AFE9] A|&A]Q1 Ak=of| ofel] xJote] BT E ol ]
o] GBS SRl Wloln] $AS SRl ATt Ao]
S, Aote] e Q1A B4, AITHA 891 Aole-A5ol
A 9 a8k Raolch Alge] 77 vfolliz - chakt o)
Aol EAf5}u] 1 5 Aokt 71 Wt Belo] 9l A
02 AR 9= Streptococcus mutans (S. mutans)+= X ot
S48 FU= GRAR AR, S. mutans7} 714 B
et e o7l s¥& =2 (virulence)ol2kal 51 S. mu-
tanse] ERQIA A, A, AR chel B, e
2941 A4 5ol Slon] olejt BASS vigew Nokels
& SRty

At el ol £2AEE S mutans
o] 54 F42 A 9] Histo] wet EshA 24dE o ot
= of2fel WAUZE] Aol & ofdistr] ol thefet A7t X
=31 9lrt. Shemesh 57 st gHobEo] Eaet 749 S,
mutans GS5° 4 fif; gtfB, gtfC, gtfD2] ‘& o] e=pol=o] 7
off wet {AAF HH | Apol7t 2 Zelskl o™, Jandat
Kuramitsu”= S. mutans GS50]|A] #jx]o]] 3% Bka Ao
wtet GTFS] &/do] th=A] vrepdtial Barskelet. o]/f9] oA+t
Ao W2 Xol-AlFS U8k S. mutans®] =S
< Sk Ao BE fAAEe 2T dek ol
PO BT A Al 7 e ef Alte] 18 2 1E AP A}
ook Zlo] X|oh-A15-9] ofi gl A Aof| uf-e- Fa sk, 15 A
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= 49l 3
5180w, Jdt Hite] 40 Mgurt depol Wol Firg
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RO| S AL el =] A F = el A HA ] U

mutans®] 491 A4S Zaelttal B 1slal it Holgerson
290 ZERYES QAo 4271 3150 381 AelE 7
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v MS9] 7} T3] A= 3l o, of2fet e oo A
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2ol HI3) A1 H R} 47.1% F23H o]2F Zol A
de]Eol| o3l Aol AlE= S. mutansE AL elE /et

(xylitol-sensitive S. mutans; XS)z}1l FEcpP,

AL g E2 S. mutans®| fructose phosphotransferase
system (fru-PTS)o] oJaf] Al Yi2 4 2 uf oA AS
A AdelE 5-%14Hylitol 5-phosphate; X5P) 0= &=t}

O] 52 o thate} TAE wAo] AMEER] B3l 93]
Afet R, RS THER] Skl Al HHo & HiEs]
3] =2 (futile cycle)E AXch A, S, mutans= AL ES
FolEAte] o] 86t HotE YAzl dojubA] ofar AHAY
o] A=, o fz|e] FFo] GlouR AlHte] FAIE oA x]
U 21 A=}, Holgerson 592 2Fle] 9] A& gloi} %]
Alar Wiel S. mutans®] 522} #9k o et XAt HA4
3 AR B skl Lee 572 A714¢l Y E
e 7 W EA%H: S mutans®] S22 748t et e s
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R4S 9| | EEER| 04 DNA chipS 0S8 XIS ZARFS LHYBFO| FEA Lol vl

T Eokal, XSeF XRO| HW A= oFF] Z7|HAlo|H, -
7kl Egelztef| oist £ZAQl vl WA FRF T tist
71829l Hl 5. Bl A A4l

DNA chip2 FAIThA 0= W2 oo §42; W& vl
o e AR o R, 54 4449 oligonucleotidet: 2]
% mRNAZ o] 4-8o] V= ¢DNAZS G2 7]7ke] Hof 24
o7 JA% AS wen] Juka o2 DNA chipe 42 7]% em?

o = Aol A =4k 7)o DNAS &9 <= 9ltt. 0|53} 4=4
2 1A% ¢cDNA probeE hybridizationA|#] B W }3 A} 3F=
L] f2lA 8 Aol & Selehe o] DNA chip ¥
ojc}?. 7]&2] fHAF B4Rl Southern, Northern, dot &
slot blot -5-2] *HT AR, Hlg-o] Eo] == Tl /len,

B 0] GAHAE Sl MY 4 glom AHo] et 4

O] FL vl A Avko] k= RO R Qlsf Lefjof Wol ARE-
Slar 9= A% vlHolct DNA chip ¥H-S & 187H2] mRNA
o] TS EAFoRA B 24 Hslshe fAAES &
QAT & glom o] FAAE0] £ 2AoA o|FA o] &
OINEAE 7 T 4= Ut} A X JgtAo| A & DNA chip
He Fol 54 2AolA wlehes fAA HH | Kol E Hus
£ Aqgo] Y= e,

whebA] 2 ArollAl = 1%2] AL ElEo] A7FE wiA] o)A A

717 g B3l BAE XRE 0.5% o] o iAo A
DNA chip & o]-8-3tof XSeo] 314 Wd o] xpol 5 vl -
BAslo], A 2HER QI8 XRY} XS9| Ko)7} ojg A 1}
EfL=A] o fStaLA} sFgict.

1. A7
1.1. XRQ| &4 L 3to]

A2} A E (Korean Collection for Type Culture; KCTC)
ol 4] S. mutans KCTC3065% #oFdol 0.5% EX(Sigma,
MO, USA)o| 23s TYE 44 ufz] (Trypticase yeast extract:
Difco Laboratories, MD, USA; 1.7% trypticase: Difco Labo-
ratories, 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 mlof] AL 2|&
(Sigma Chemical, MO, USA)°] 1% (66 mM)7} ¥ =% A7}
5o} 37°C, 10% CO,0lA 244171 vl st 543t 249 H
Aol o] Al eFe 100 plg & Alo] thA] viFshr & 30
&b Bk A &5k o, XS] A AAdelEs A7IsHA] ¢l
Tt 27102 Hjoksielct.

FAE XRI} XSE 47} 0.5% Exo] £9H TYE H4u)
A1 10 mlof 1%8] AL e &8s H7FHAY sHA] e e = 4%
SR 12A17F FCF wjekelsl on, AHd el &2 7ot uijx]ef 7t
SEA] g v A &] Aol FUT B ol & XRE FJstlal At

Qo] 5o] o8] Aol EBHA AR 495 XS Aol

thdata not shown). 0|9} & WHOE T sete] XSeh XRe]
942 BIFI(0704, 0805) 015 1 7o o] g5,

2. A
2.1. XS} XRe| X g|

XR7} XS2 0.5% EE5o] 3k TYE vjA]o] 1% A2le)=
& A7 3] gk AR 0Dy 0] 0.057 HEs 45s

[e}
[e]
o] 37°C, 10% CO, 0| A Z+2+e] 270f SHE S 3 24417 &<t vl

Fotal RNAE 2|3}l o5 DNA chip 4] o]-§-3F i

2.2. RNA 22| & DNA chip AA|

A& f-E ALfotal FUet 202 HiFAIZ] XSet
XR2 Tri-Reagent (Molecular Research Center, OH, USA)
= ARE51o] total RNAES R85kt E2]% RNAE Agilent
2100 Bioanalyzer (Agilent, Palo Alto, CA, USA)E ©]&, capil-
lary electrophoresisE A A|5Fo] RNAY] integritys &-215}13
1 RNeasy Mini Kit (Qiagen, Valencia, CA, USA)& o]-8-5}¢]
F7HH o= =%t RNA +2]5 AA[stal Nanodrop ND-1000
(Kisker, Steinfurt, Germany) ©. & AgFsl3ict.

DNA chip H4of 0] &3} probeZ A|Z317] 213} amino-
allyl-dUTP%} random primers (Invitrogen, Carlsbad, CA,
USA)E total RNA%} & o] 3A|17F 5o HR3-813! ©]E Microcon
YM-30 column (Millipore, Bedford, MA, USA)©.& A&+ ¢}
< XS S. mutanse =4S UeR+ Cy3 dye=, XR S. mutans
L Bome YehE= Cy5 dye (Amersham Pharmacia, Up-
psala, Sweden) & EA|8}Ich(Fig. 1). Cy3 &2 Cy52 EAH
c¢DNA probes< QIAquick PCR Purification Kit (Qiagen,
Valencia, CA)S ©]-8-5}¢] <=3t probe== A& ct. 28]
¢DNA probesE-& 30% formamide, 5X SSC, 0.1% SDS, 0.1
mg/ml salmon sperm DNA”} 33}= hybridization buffero]
THA] =0]3L o] =2 chip slide (Streptococcus mutans UA159
Oligonucleotide 3 X 15K chip) (Mycroarray.com, Ann Arbor,
MI, USA)e] hybridization 3}it}. 42°Cof|A] 18-204]7F ¥H-8-3F
5o chip slideE washing solution 1 (2X SSC, 0.1% SDS)]
42°C 55 5o T Ho] A washing2: 8}3!, &+ HA|E washing
solution 2 (0.1X SSC, 0.1% SDS)9] room temperature (RT)
o] Al 105 5t washing®l the, 22712 0 & (0.1X SSC solution
of RTo| A 15 Z<¢F % 49 washing ¢tc}. Chip slide= 650
rpmof| A 5H st e sto] & TeE o3 Axon 4000B
(Axon Instrument, Union City, CA, USA)E ©]|-4-8}%] hybrid-
ization image & Ao it

2.3. 41t 2N

Hybridization image+ GenePix Pro 3.0 software (Axon
Instrument, Union City, CA, USA)E ©o]-&-3}o] -G-4 A} WFdH]
(Cy3 vs Cy5) A=E Aofui7] 9fll A8k chip A4S
Genowiz 4.0™ (Ocimum Biosolutions, India)Z o]&-s}o] A
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Al8ksd). Axf A7kl Normalizations: 52843}17] 913} global
lowessE o] 88190 Z7} 38 AAadle 44 Bdn] 7|5
2 1.581(R/G ratio=1.5/1.0) %2 0.679(R/G ratio=1.0/1.5)
T A4t F §lo A Ay} ko] AF 5= 0.05% SF3e
1 0.05KHC} W& PvalueE Hol= FAAER dendrogram=
a8 T e fAA HE Y fAMSS ERlskelt(data not

shown).

2.4, RT-PCRE RNA £2| 2 DNase | X2|

A 71t i FAsHA wijdE 55 D-PBS (Pro-
tAnBio, Daegu, Korea)= 5 ¥ washings}a! Tri-solution (Bio
Science Technology, Korea)S ARE-3}0] total RNAE #-2]3}
4t )5l RNAE= DNase I (Takara, Japan)S A 2]slo] ge-
nomic DNA contamination= HjA| s}t 7HFslA] Argshd,
2% total RNA (20-50 pg)& 20 plofl 50]iL o] 10X DN-
ase I buffer 5 ul, DNase I 10 units 2 pl, Ribonuclease Inhibi-
tor 20 units 0.5 pl, DEPC-treated water 22.5 pl& 4}¢] 37°C
oA 604 &< HHE-3kSITh W58 ¥ 50 ple] DEPC-treated
waterE 431 MEZ 55, = 100 ple] phenol/chloroform/
isoamyl alcohol solution (25:24:1)3 Z & of& o} 12,000
rpmof A 5 FoF AEE S A5 HY A FEE 500k &
AR Ayl £2ko] chloroform/isoamyl alcohol (24:1) t}
Al Aol 12,000 rpmofl Al 52 F9F ARSI ThA] A5 Hyt
AZ2E 285 7k 10 ple] 3 M sodium acetate?} 250 pl
O] A7k ethanols 41o] —80°CollA] 20% &<t WA|RE ths
12,000 rpmof A 20 &<t LRttt A5t AlA skl
70% ethanol2 ¥ ©] washing d}17 ThA] 12,000 rpmol| 4] 10
S Aot JHES A we|a g DEPC-treated
watero]| 50 wFsto] Ag o o]- g8kt

2.5. A ™ AHReverse Transcription; RT)HH-S

TaKaRa RNA PCR Kit (AMV) Ver.3.0 (Takara, Japan)E
ol-g3to] 2 pg® RNAZFE cDNAS 83T 41 2 ng
©] RNA%} RNase free water”} 9 pl7} ¥4 £33 < 1X RT
buffer, 5 mM MgCl,, 1 mM dNTP mix, 2 U/ul ribonuclease
inhibitor, 0.25 U/ul AMV reverse transcriptase XL, 0.5 pg/
ul Oligo (dT) 12-18 primer (Invitrogen, CA, USA)E %3}
© B8 11 WE MRSk 2ol 30°CollA 1042,
42°CoflA] 90+ &<t HE-G-A1X1 -0f] 95°Coll A 5 &< B 713t

Table 1. Primer sequences for internal standard control

7119 0] A1) W7 —20°Coll Hisich

2.6. Primer H|Z % PCR H-g XA

DNA chip 235 537 916l 7 w50l A AholubA &&
Ste FAARE 5 XRollA S7F8k= Akl A 118, XRellAl 7+
adk= FAAIA 10, ¥ 2189 A4E A=stal NCBIS
nucleotide 734 #}o] E (http:/ncbi.nlm.nih.gov)& Ef oA}
sequences A1l 0]E 7|& 0 & primer 3 (http://frodo.wi.mit.
edu)of| A primer design2 3}t PCR Hh-2-8-ol o] 1A].o
10X PCR buffer (Invitrogen, CA, USA) 2 pl, 2.5 mM dNTP
mixture 1.6 pl, 10 mM PCR primer Zt7} 0.4 pl, Tag DNA
polymerase 0.1 ul, dH,0 14.5 pl2} GHAE ¢DNA 1 pl 223}
o] ¥ 20 Wt HEF 519t §hE- 2702 94°C, 28 &<t initia-
tion denaturation Z13§3t &, denaturation 94°C, Z} primer
9] annealing temperature, extension 72°Col|4] 30z 5<F wF
Sorgon, A4S FAG =Y BlwE 913t standard= ©]
£3517] §J3le], oju] tf2 =Fof internal control primers A}
25 S. mutans® 16S rRNA'92} LARNAE A}-8319] 0.0 o]
= primer®] ZA| e A K = Table 13} 7t}

3. By

DNA chip®] Z7}= excel HUE o] =]l om {2 Td
HIE 7205 AJEsto] vlustlom Aot uet 7| s
ko] Bl Skeith A FAAY s 715 S
mutans®] A ]| tgt 7]53 A E7E B A AISHA S0
o] Q1= Kyoto Encyclopedia of Genes and Genomes (KEGG;
http://www.genome jp/kegg) AL ELE AlA A1 - AFA-
713421 J. Craig Venter Institute®] Comprehensive Microbial
Resource (CMR; http://cmrjcvi.org) FAFO]|Eo Al AL
selstolnt.

A4
1. DNA chip Hito| M2

Fig. 1&= DNA chip< o]48to] XRI} XS] 9717} ul-&
H| W o= RA ot} 2 ¢l+o] o]-8-9F DNA chip S. mutans
UA159 chip 3 X 15K Oligonucleotide microarrayo|w 3

Primer
Gene name Tm* Cycle Product
Forward Reverse
16S rRNA tggaattccatgtgtagegg cctgeeegggaacgtatte 60°C 16¢cy 680 bp'
LARNA gttgtceggatttattggg gggtatctaatcetgttege 56°C 22 ¢y 248 bp

*Tm, melting temperature; "bp, base pair.
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A= 9| | ZCHX|oflA DNA chipg 0|88 A2l S ZM 7ot IR RTAL s bl

1,928719] §-Yet {427} 45-47 nucleotides®] Zo|= #-2]7]
T]oll A= o)A et 0.5% E=Fo] ETE XRI}F XSof|A &
2]t RNAE= 2V 524 333543l Cy5 dyet 254 &g
Zle] Cy3 dyeE EA8}o] cDNA probeZ YH=o] hybridization
= AATBEH

Fig. 2= 717} 0704, 0805 5 set= cDNA probeZ o|-g-3}o]
191%F DNA chip®] Z3tolct. T19]olA HF2M 0w A
A= XRollA A 71k R4 {AAE Yehie 25
FAH §-A%F= XRo A sk F-4ARE Yebdot. 2+
etol 4] DNA chip®] ZAx}o] tfst reliability®} intensity S
9l= MA plot (data now shown)& E3f 4] 1,928
A 1,793709] 427 B 4= ole Ay} 4= 7F
1S5 delseict. ot 7+ AY seto] 4] DNA chipe] 2

F2+9] intensityS E.o]5+= scatter plot (data not
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BT S N < A LR~

=2
& %
ok o
N

i

XS XR s ‘R
_>
RNAisolation AXIAL ANA
2% %%\//

0.5% Glucose Reverse
with or without Cv3(XS transcription CV5(XR
1% xylitol containing y3(XS) label with YS(XR)
TYE media fluore dyes

s o R

S. mutans UA159
oligonucleotide

shown)ol|A] 1.58] o]A4} Z7HCy5:Cy3=1.5:1.0)3}A 0.674}
A A (Cy5:Cy3=1.0:1.5)8h= +-3A=2 AA 1,9287H
A2 ol 2777091 Ao = E}1E] STt

2. XRI|M F7t5t= S}

0.5% Z=F} 1% AFde]Eo] ZHE vz oA HifE XR
oA 1.54 o]} S7Fk= A= ¥ 1,928719] HA 5 174
N2 ol gl o (data now shown), F718H= GHAHE2] o
AEIE TR R, ofF £ % 11719] $845 Be} RT-
PCR% primer® designd}o] #| 216}t (Table 2).

Table 3 0.5% =T 1% ALefEo] 9% vjA] oA
v XRefAl 1.58 o} S718k= §-484H= % cell envelope
I FHQlE 7dAHE9] DNA chip®] I B|e} ZAIS 755
L33} ka1 7140 RT-PCR #7|%9% AMAS vjwet 19

Exitation
Cy3(XS) Cy5(XR)

Emission

Computer

3 x 15K microarray analysis
. Fig. 1. The schema for XS and XR in 0.5%
Hybridize target | o with ith 1% xvlitol
to DNA chip Cy3(XS) Cy5(XR) g uco.se.an wit or_ W|t_out o xy.lto
Green Yellow Red containing TYE media using DNA chip.

Fig. 2. A representative results of DNA chip for XS and XR in 0.5% glucose and with or without 1% xylitol containing TYE media. RNA samples from
XS were labeled with Cy3 (green), and XR were labeled with Cy5 (red). DNA chip experiments were carried out two times. (A) 0704 experiment, (B)
0805 experiment.
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Table 2. RT-PCR primer sequences and conditions of XR up-regulated genes in 0.5% glucose and 1% xylitol containing TYE media

Locus tag Primer Sequences Tm* Cycle Product

SMU.10 SMU.10F aaaccaaacgtcgcecatc 57°C 28 cy 229 bp"
SMU.10R gcacgtgcatacttctcaac

SMU.81 SMU.81 F caactaccattgaaggtctt 57°C 22cy 253 bp
SMU.81 R gaacgtgetcttgctgttga

SMU.253 SMU.253 F ttgctategtegeteatcac 57°C 24 ¢y 229 bp
SMU.253 R acagaaatcaggcgcatacc

SMU.772 SMU.772 F cgccaccattagaaacacct 57°C 26 ¢y 308 bp
SMU.772R agctattggeggtgagaaga

SMU.1005 SMU.1005 F caagaaacgcagcgtcaata 55°C 28 ¢y 562 bp
SMU.1005 R caatttggagcaagtacgca

SMU.1361c SMU.1361c F geagcacaagtatetectgt 57°C 21 ¢y 264 bp
SMU.1361c R ggcaacaatggetttegt

SMU.1396 SMU.1396 F gctaageagecttgetttggeg 64°C 25 ¢y 308 bp
SMU.1396 R ctgeagettetaccgaaggctg

SMU.1528 SMU.1528 F tcagctettcttggecgtat 57°C 25 ¢y 344 bp
SMU.1528 R tcacgataacgctgcaagac

SMU.1840 SMU.1840 F ggcacctgtectttccataa 57°C 24 cy 308 bp
SMU.1840 R gcaacagctggtgtcacaat

SMU.2027 SMU.2027 F aggcacaggctattcctatt 55°C 30 ¢y 251 bp
SMU.2027 R tgagagaaacaagacgaagg

SMU.2085 SMU.2085 F gatgagttcaggaagtctgg 57°C 33y 333 bp
SMU.2085 R actaaagctgccactgagtc

*Tm, Melting temperature; "bp, base pair.

Table 3. Identification of cell envelope-related genes in XR up-regulated

0704 0805
XS XR X8 XR
Cell envelope SMU.1396 64°C 25 cy m
Gene Product XR/XS ratio Functions

SMU.75 Putative D-alanyl-D-alanine carboxypeptidase 2.062 D-glutamine and D-glutamate metabolism & peptidoglycan
biosynthesis

SMU.1718  Putative glutamate racemase 1.805 D-glutamine and D-glutamate metabolism & peptidoglycan
biosynthesis

SMU.253 Putative D-alanyl-D-alanine carboxypeptidase 1.762 D-glutamine and D-glutamate metabolism & peptidoglycan
biosynthesis

SMU.597 Penicillin-binding protein 2b 1.526 Amino sugar and nucleotide sugar metabolism & peptidoglycan
biosynthesis

SMU.1525  Putative UDP-N-acetyl glucosamine 1.518 D-glutamine and D-glutamate metabolism & peptidoglycan
biosynthesis

SMU.1396  Glucan-binding protein C 1.667 Surface structures

otk XRoJ Al F7ksk= 174709] 5411 5 cell enveloped} ¥ o} v]il - Elegict,

#9944 SMU.75, SMU.1718, SMU.253, SMU.597, Table 4= XRolA] 158 0|4} Z7}ok= SAZS % cellular
SMU.1525, SMU.13962.8 & 67§90 o] & SMU.1396  processes (cell division)2} &)= F-AAH=2] DNA chip?]
2 primer A8te] RT-PCRS ALAJBHEL o} DNA chip 2 WAu|o} ALY /158 E59} 841 274402 RT-PCR #17]
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A2 9| | ZZHiR|ofA| DNA chipS 0|83t AIa|S AMZRO LIMFFO| RAIX| Lel v

A% AFAS Bl wet 1 olch. XRojlA Z71sk= 174709] A}
%= cellular precesses®} #¢ Q1= 44 A+= SMU.15, SMU.552,
SMU.1513, SMU.10, SMU.1396°.& & 57]9 o o] =
SMU.107} SMU.13962 primers: A|2Fsto] RT-PCR-& A 4|3}
11 o] DNA chip 23} H] 1 - 213}t

Table 5= XRoj|A] 1.54] o] 57k -84 5 DNA
metabolism (replication, repair and recombination)¥} ¥
olt= 9 24-52] DNA chipe] g v|e} ARt 7152 S 33} o
I F7H o8 RT-PCR A7 9% ARE Blwdt T1olrh XR
of| A Z7ks= 174709] 544} 5 DNA metabolism¥} &2 9)
= 8 AAE= SMU. 1455, SMU.1581, SMU.1873, SMU.472,
SMU.1174, SMU.2085, SMU.504, SMU.2087°.% % 87§41
o o]5 2 SMU.20852F SMU.5045 primer® A|21slo] RT-
PCR-& AAJ8}al o5 DNA chip A3} v] 1w - 2Helstei ),

Table 6 XRof|A] 1.54]] oA} Z713l= S-S = energy
metabolism¥} AL $HAEL] DNA chip?] Hr&u| b AF

AIet 7155 =33} ot 70 & RT-PCR A7) 9 AR
< vk JIgolrt XRoA F7Fsh= 174709] 5414 5 DNA
metabolism¥} T 9= SAA= SMU.1530, SMU.1528,
SMU.1005, SMU.623¢, SMU.772, SMU.1117, SMU.360,
SMU.1840, SMU.1496°.2 % 97§90 o]5 2= SMU.1005,
SMU.772, SMU.1840% primer= A|2Fs}o] RT-PCRE A A5}
11 ©]5 DNA chip 23} H] 1 - 218}

Table 7 XRoJ 4] 1.58] o4} S7Fsk= 44 & tran-
scriptiond} W= Q= F-H4AH=2] DNA chip] H&H] e} AFASH
71'5& T3E3} stal =718 0 & RT-PCR 7|95 AHE Hlal
ok J19oloh XReJlA] S7ksh= 174719 5507t 5 transcription
7} s A= SMU.2027, SMU.1165¢, SMU.1607,
SMU.611, SMU.458, SMU.422, SMU.1361c& % 77§91
o o]5 % SMU.2027, SMU.1361cZ primer= A 2ksto] RT-
PCR-& AA[8}a1 o] DNA chip 2719} H] 1 - 2116} ¢I e},

Table 82 XRol|A] 1.58] o4} 57Fk= 44 5 protein

Table 4. Identification of cellular processes-related genes in XR up-regulated

Cellular processes

0704 0805

SMU.10 57°C 28 cy

SMU.1396 64°C 25 cy

x
(7]
x
P
x
(@]
x
Pl

Gene Product XR/XS ratio Functions
SMU.15 Putative cell division protein FtsH 1.769 Cell division
SMU.552 Putative cell division protein FtsZ, 1.761 Cell division
SMU.1513 Chromosome segregation ATPase 1.574 Chromosome segregation
SMU.10 Hypotetical protein 1.547 Cell division
SMU.1396 Glucan-binding protein C 1.667 Conjugation

Table 5. Identification of DNA metabolism-related genes in XR up-regulated

DNA metabolism

SMU.2085 57°C 35 cy

SMU.504 57°C 31 cy

Gene Product XR/XS ratio Functions
SMU.1455 Mutator protein, pyrophosphohydrolase 2.136 DNA repair and recombination
SMU.1581 DNA polymerase III, gamma/tau subunit 1.899 DNA replication
SMU.1873 Putative ribonuclease 1.858 DNA replication
SMU.472 Conserved hypothetical protein; possible 1.648 DNA replication, repair and recombination
SMU.1174 ATP-dependent DNA helicase 1.619 DNA repair
SMU.2085 Recombination protein RecA 1.589 DNA recombination
SMU.504 Putative site-specific DNA-methyltransferase 1.562 DNA repair
SMU.2087 Putative 3-methyl-adenine DNA glycosylase I 1.555 DNA repair
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Table 6. Identification of energy metabolism-related genes in XR up-regulated

En

ergy metabolism

SMU.1005 55°C 28 cy
SMU.772 57°C 26 cy

SMU.1840 57°C 25 cy

Gene Product XR/XS ratio Functions
SMU.1530 FoF, membrane-bound proton-translocating ATPase, alpha subunit 2.174 Oxidative phosphorylation
SMU.1528 FoF, membrane-bound proton-translocating ATPase, beta subunit 2.003 Oxidative phosphorylation
SMU.1005 Glucosyltransferase-SI 67.098 Starch and sucrose metabolism
SMU.623¢  Putative deacetylase 2.166 Biosynthesis and degradation of polysaccharides
SMU.772  Glucan-binding protein D with lipase activity; 1.912 Biosynthesis and degradation of polysaccharides
SMU.1117 NADH oxidase (H,0O-forming) 1.649 NADH oxidase
SMU.360  Extracellular glyceraldehyde-3-phosphate 1.651 Glycolysis
SMU.1840 Putative fructokinase 1.919 Fructose and mannose metabolism
SMU.1496  Galactose-6-phosphate isomerase, subunit LacA 1.967 Galactose metabolism

Table 7. Identification of transcription-related genes in XR up-regulated

SMU.2027 57°C 33 cy

0704 0805

Transcription
SMU.1361¢ 57°C 21 cy
Gene Product XR/XS ratio Functions
SMU.2027 Putative transcriptional regulator 1.520 Mobile and extrachromosomal element functions
SMU.1165¢ Transcription regulator 2.527 DNA interaction
SMU.1607 Putative exoribonuclease R (RNAase R) 1.801 RNA degradation
SMU.611 Putative ATP-dependent RNA helicase, DEAD-box 1.706 RNA degradation
SMU.458 Putative ATP-dependent RNA helicase 1.646 Other
SMU.422 Ribosome binding factor A 1.648 RNA processing
SMU.1361c TetR family transcriptional regulator 1.767 DNA interaction
Table 8. Identification of protein folding and stabilization-related genes in XR up-regulated
0704 0805
XS XR XS XR

Protein folding & stabilization

Gene Product XR/XS ratio Functions
SMU.81 Heat shock protein GrpE (HSP-70 cofactor) 1.595 Protein folding and stabilization
SMU.1955 Putative co-chaperonin GroES 3.577 Protein folding and stabilization
SMU.1631 Putative peptidyl-prolyl cis-trans isomerase 2.718 Protein folding and stabilization
SMU.82 Heat shock protein, DnaK (HSP-70) 2.136 Protein folding and stabilization
SMU.1954 Putative chaperonin GroEL 2.089 Protein folding and stabilization
SMU.1929 Putative protease HtpX, heat shock protein 1.741 Protein folding and stabilization
SMU.83 Heat shock protein DnaJ (HSP-40) 1.721 Protein folding and stabilization




folding ! stabilization¥} T+ 3)= G252 DNA chip2] gt
Aujet JAS 715 EHE *}L 27140 & RT-PCR #7|%
%5 AR ¥ A Tgelch XRolA] $7KHs 1747019 484

protein folding %! stabilization?} T )= F-4 A= SMU.81,
SMU.1955, SMU.1631, SMU.82, SMU.1954, SMU.1929,
SMU.83°.& % 771901 o]5 = SMU.81< primer= A 25}
o] RT-PCR& AAJ5}aL o] DNA chip A3k} v 1 - 1513t}

O
LII
R
kel
m
J;
I
ﬁ>i
m—f —'-
rUHﬂ

o ZgHe Hj Ao A BjkE XR
W 1.5H] Ol d %iﬁ% TR F 1,928709] §-414F Z 103
7l (data now shown), o5 GFAAE 7| @8R FE81L
upP7HA 2 107]S AEste] RT-PCR-% primer list A2} ch
(Table 9).
Table 102 0.5% %
A vjokE] XRof|A] 1.58] o)A 4742 % amino acid
biosynthesis®} ## 3= F704H=2] DNA chip®] Z&uH|e} 4
Alet 7158 ©33} 3lal 2271802 RT-PCR A719% AHAS
H| 3k Z1golrt XRoJA] ZFAdh= 103709] 5414} 5 amino
acid biosynthesis®} = jl}% SMU.533, SMU.535,
SMU.537, SMU.538, SMU.317, SMU.1266, SMU.1270°.&

B} 1% AdelEol 2ok wiof

Faste

ZEglx|ollA DNA chipS 0|8t A2 Hdd
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ot o REAL & H|w

T 7AHeH o5 &
3}o] RT-PCR& AAJ8laL o5 DNA chip 219} 1]
At

T3} Table 11 XRoflA] 1.54) -
toxin production 3! resistance?} %= FAAES] DNA
chip®] FeAn|e} ZARE 752 =3} sfal F7H4 08 RT-

SMU.5373} SMU.5382 primers A2+
-2elst

oA} ZHAtt= SHARE &=

PCR 47| %¢-& AR vlaldt Z1olth. XRofl A sk 1037H
o] §-AA} % toxin production 9! resistance2} T Ql= F-H A}

+= SMU.1035, SMU.654, SMU.655, SMU.745% 3 4 Pkl
o o]5 % SMU.1035% primers A|&sto] RT-PCRE A A]8}
11 ©]5 DNA chip Z}¢} H] 1 - 218} T}

Table 12+ XRo[|A] 1.58] oA ZAdl= G4 A= 5 energy
metabolism (pyruvate metabolism, TCA cycle)¥} A= &
=2 DNA chip®] ‘?4‘%1‘319} At 75 maks} Skl 7
Z o2 RT-PCR #A7|9% AFHL vl ok TFo|c} XRofA 74
= 103709] 544} % energy metabolism} 21 9)= 5712}
= SMU.310, SMU.1421, SMU.1422, SMU.1423, SMU.314,
SMU.670, SMU.671% 3 7719101 o5 5 SMU.670%}
SMU.671% primer® A|&Fsto] RT-PCRS A1A|313! oS DNA
chip Ax}e} vt - =eIst3ict

Table 13> XRoA] 1.54]

o 43K RAAE % ribo-

Table 9. RT-PCR primer sequences and conditions of XR down-regulated genes in 0.5% glucose and 1% xylitol containing TYE media

Locus tag Primer Sequences Tm* Cycle Product

SMU.312 SMU312 F taccagcccecataccaata 57°C 28 ¢y 224bp’
SMU.312 R cggacctttagcccaataca

SMU.313 SMU.313 F agctgaacagggaattetge 57°C 28 ¢y 312bp
SMU313 R aaaagtgctggctgttggac

SMU.537 SMU.537 F cgtectgagaggcaaacaat 57°C 28 ¢y 318 bp
SMU.537 R caaaggacgaccaggtgttt

SMU.538 SMU.538 F taacaggaccatctgccaca 57°C 28 ¢y 163 bp
SMU.538 R aaggcagaaggcaaaggtct

SMU.670 SMU.670 F tcaattcttacggtagecgteg 56°C 30 ¢y 560 bp
SMU.670 R tttacgcacaaccattgg

SMU.671 SMU.671 F gtcaggggctgtetectateg 56°C 30 ¢y 450 bp
SMU.671 R aatgtcatgctctgttce

SMU.1035 SMU.1035 F ccagacgclgtttcatacca 57°C 24 cy 233 bp
SMU.1035 R ttctagcacccagagegaat

SMU.1421 SMU.1421 F taagggagaaggtgagactg 57°C 35 ¢y 344 bp
SMU.1421 R ctgtaggaatgctagcagga

SMU.2020 SMU.2020 F gegtgttaaacategtegtg 57°C 22cy 251 bp
SMU.2020 R cacctttcccagatcecata

SMU.2022 SMU.2022 F cagctaaagcaatggetegt 57°C 22 ¢y 247 bp
SMU.2022 R cgtttcatcgttggtectte

*Tm, melting temperature; "bp, base pair.
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Table 10. Identification of amino acid biosynthesis-related genes in XR down-regulated

0704 0805
XS XR XS XR

Amino acid biosynthesis
SMU.538 57°C 28 cy _
Gene Product XR/XS ratio Functions
SMU.533 Putative anthranilate synthase, beta subunit 0.637 Aromatic amino acid family
SMU.535 Putative indoleglycerol phosphate synthase 0.622 Aromatic amino acid family
SMU.537 Putative tryptophan synthase, beta subunit 0.478 Aromatic amino acid family
SMU.538 Putative tryptophan synthase, alpha subunit 0.427 Aromatic amino acid family
SMU.317 Putative tetrahydrodipicolinate succinylase 0.517 Aspartate family
SMU.1266 Putative glutamine amidotransferase HisH 0.615 Histidine family
SMU.1270 Putative histidinol dehydrogenase 0.623 Histidine family
Table 11. Identification of toxin production and resistance-related genes in XR down-regulated
0704 0805

Toxin production & resistance

SMU.1035 57°C 24 cy

x
(7]
x
Py
x
w
x
Py

Gene Product XR/XS ratio Functions
SMU.1035 Putative ABC transporter, ATP-binding protein 0.522 Toxin production and resistance
SMU.654 Putative ABC transporter, ATP-binding protein 0.627 Toxin production and resistance
SMU.655 Putative MutE 0.607 Toxin production and resistance
SMU.745 Putative drug-export protein; multidrug 0.624 Toxin production and resistance

Table 12. Identification of energy metabolism-related genes in XR down-regulated

0704 0805
XS XR XS XR
Energy metabolism
SMU.67156°C 30 cy m

Gene Product XR/XS ratio Functions
SMU.310 Sorbitol operon activator 0.617 Electron transport
SMU.1421 Putative dihydrolipoamide acetyltransferase, E2 0.638 Pyruvate metabolism
SMU.1422 Putative pyruvate dehydrogenase E1 component 0.501 Pyruvate metabolism
SMU.1423 Putative pyruvate dehydrogenase, TPP-dependent 0.614 Pyruvate metabolism
SMU.314 Hypothetical protein 0.396 Pentose phosphate pathway
SMU.670 Aconitate hydratase; aconitase 0.610 TCA cycle
SMU.671 Citrate synthase 0.569 TCA cycle

somal protein synthesis®} T Q= 4 A=2] DNA chip®] &
Ao} AMA|S 7% =i} 3kl =718 o0& RT-PCR #7]9
5 AFE vlast J9o|ok XRoA] HAskE 103709] 47 2
ribosomal protein synthesis®} I 3+ FAA= SMU.2008,

SMU.2011, SMU.2012, SMU.2014, SMU.2015, SMU.2020,
SMU.2021, SMU.2022, SMU.2023¢, SMU.2024c& 2 107}
9glom o] & SMU.20202F SMU.2022E primer= A &k5}o]
RT-PCRS A A]8}3L ]S DNA chip 23} H] 1 - 813} ).
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Table 13. Identification of ribosomal protein synthesis-related genes in XR down-regulated

Ribosomal protein synthesis

SMU.2020 57°C 22 cy

SMU.2022 57°C 22 cy

Gene Product XR/XS ratio Functions
SMU.2008 50S ribosomal protein .30 0.580 Ribosomal proteins, synthesis & modification
SMU.2011 508 ribosomal protein L6 (BL10) 0.518 Ribosomal proteins, synthesis & modification
SMU.2012 30S ribosomal protein S8 0.609 Ribosomal proteins, synthesis & modification
SMU.2014 30S ribosomal protein S14 0.606 Ribosomal proteins, synthesis & modification
SMU.2015 50S ribosomal protein L5 0.632 Ribosomal proteins, synthesis & modification
SMU.2020 50S ribosomal protein L16 0.588 Ribosomal proteins, synthesis & modification
SMU.2021 30S ribosomal protein S3 0.646 Ribosomal proteins, synthesis & modification
SMU.2022 508 ribosomal protein 1.22 0.498 Ribosomal proteins, synthesis & modification
SMU.2023c 30S ribosomal protein S19 0.429 Ribosomal proteins, synthesis & modification
SMU.2024c 50S ribosomal protein L4 0.561 Ribosomal proteins, synthesis & modification

Table 14. |dentification of signal transduction-related genes in XR down-regulated

Signal transduction

SMU.312 57°C 28 cy

SMU.313 57°C 28 cy

Gene Product XR/XS ratio Functions
SMU.103 Putative PTS system, IIA component 0.603 Phosphotransferase system
SMU.311 PTS system, sorbitol (glucitol) 0.463 Phosphotransferase system
SMU.312 PTS system, sorbitol phosphotransferase enzyme 0.401 Phosphotransferase system
SMU 313 Putative PTS system, sorbitol-specific enzyme 0.323 Phosphotransferase system
SMU.980 Putative PTS system, beta-glucoside-specific EII component 0.665 Phosphotransferase system

Table 14+= XRof|A] 1.58] oA} AAdl= 4R = 5 signal
transduction®} Q)= S HZE2] DNA chipe] T&n| 9} A
*ﬂ*} 7ee Lo}l st 74 0% RT-PCR 7| 9% AR

vl ek Tgloltk, XRoJA HAadte 103709 F-32F F sig-
nal transduction¥} ¥HAYE= S-AX= SMU.103, SMU.311,
SMU.312, SMU.313, SMU.9802. 2 % 571¢loH ol &
SMU.3127} SMU.313& primer& A|2¥slo] RT-PCRE AA| 5}

31 o2 DNA chip A9} ] il - 218},
i ot

Apelefgo] Xobs-
A A2 A

ganoleptic) A=g T Y E

K9] oA 9 ool AR ol 2
2 5 qlrk 24, 4B 44484 or-
F7HA713 Aol

pHE tol4] Wakae] 2]
A, A B T B

1

Abd<9] qHg3t ] ofettt. AlA, AL e]E-L- Bl Uf ofm]icAl
I glycine 525 S7HA713L o]t LAl Q= ERH Tl
AL Z7MA71H, amylase ] Z-8-7} carbonic anhydrase, lacto-
peroxidase, invertase-like enzymes, thiocyanate ions 52| <
7S E3)] el ABL WA 7| B2 Efolo] o2k u) A f2F
88 Z7M1A AokeAlo] g A Wol71ae AN, vt
Auto 2 AAg]EL S. mutans?] X|HE X o] Lol A|EH
9] lipoteichoic acid (LTA)E 4AZ1tt 18y XRo| A E
W ol50] §7A 2780] ojWA OB HelH LA of 7} g
. XSeF XRo|| gt 2o v]a g7t 9o] w2 XRo| XSo]
e ohret Se a7t g siEthal 42 W7l deH



262
J Korean Acad Oral Health | 2012;36:251-265

oz Al3h B4Rl Tt ARl S o] Kol7h Ly
% 5201459] Xjol7h et 71t

<]
oL

Mog %

A
il

DNA chip2 312} Wl 415k E<1s) ‘ﬂ
Aol 5 A 3 o4ollAl 2} AARe] BfRR 7} o] Aol
S e S ol wolm™ 19901 o /e o] % chepet vket
oo A GutshA 01851 9lek. Chen 592 S. mutans®] 4
U 4ol 93RS ulX]= acid-mediated gene repression o] A
whole-genome chip®} in silico analysisE o|-&-3slo] £4 -4
Ako] AL Aol T s = ST A7IA Dol 2SS E4Is
%o, Motegi 572 DNA chip o]-g-5to] ¢l/gofA] £ejgt
5 571 Holuhs §448 BT, o5 % biofilm
A3} A GRS B o] v 3L 143k E3 Shem-
esh 5% DNA chip< ©]4-3}¢] biofilm #4J¢] o]sl= 4
AH52] BFE-S- planktonic AFE| e} H]wsto] 2F018}al real-time
RT-PCR& 53l H50l= & 3 A AN = vhefst F+
w0 AR o),

& Aol A= 0.5% Erdo] EFHE iAo Al vk XR
I XSOf 414} HAS DNA chipe ©]-8-3t9] B]asl3iet. XR
oA 1.58 o F7koks RS 154 fHadhs s
& CMR QAO|ES 54 A2E: )50 TR 153
Skeltt. 7 e E i FAAES KEGGO|A A A== bio-
pathwayE 58} 2 41450 24 %= pathway} WlAYES
it

0.5% =37} 1% xylitole] Z9- v 2|4 2t XRejl
A XSHE} 158 o4} S71He S50 754 EEE cell
envelope, cellular processes (cell division), DNA metabolism

2
I

.

B3
e
T

f

(replication, repair and recombination), energy metabolism,
transcription, protein folding and stabilization 5-¢] T34 0]
et

Cell envelope$} cellular processesol| =5 #A )= gbpC
(glucan binding protein C; SMU.1396)+ dextran (glucan)-
dependent aggregationo] Tojsl= FAAE YA glor
platinic A€} 2] wjFe]l Al dextrane] o] 7= A4S do
7= Ao oeiAl 9lek. w3t Lynch £22] Q04 ghpCe]

2

rer
rlo

Ly AulA © 7 A2 A O] mid-exponential phaseof 4]
HAQl WS Kol stationary phaseo]| 4] A} ZFARICHIL 8}
Ao o] ghpC7} 243l biofilm 325 A7 =] Y44
Ql §-7AFo]7] wfiolct. Sato 52V] Ao A gbpC= AL B E
off &fsf 1 f-4Ae] W o] F718kH, mutant A 53l AFS
of EATl= A5 Fo] W FAEo] sk AS RISk

2 AF-Aofl A 8 91 XR
= 19 AeiBo] %
glo] XSof| vlsf oF 2,54 7
A= 2 AqtAy g 7)1
Ak

XRoJ A 7)== G4AA & DNA metabolism (DNA

A=)

XSe| 7448 Aol 0.5% 3£
Ao 24A17F i et XRo| 74
AL Belslg] om? o3t

8] $ARFS BT 8

jus)
==

ot
AL
flo

ki
o
o

recombination)¥} 4219+ RecA (reconbination protein;
SMU.2085)%= defecient-mutant ¢171*Z %3} acid tolerance
o} biofilm /ol Hofsh= AN HH oM, o= ofuf:
XRO| A 7F dofuhA] gz offoll thdt Ante]E o= J=
A 4= & Ao g AZELE T3 DNA metabolism (DNA
repair) ¥} Q= Dam (SMU.504)2 DNA adenine meth-
ylationg& Z288= AR S. mutans®] theFst H2 Q1xkef
HE FARE 2k AR dd ] Al oot G nX=
AR g A k.

Energy metabolism¥} &9l gtfC (SMU.1005)= &
X 27} 8 2R A TS Tofsls Aow o
4] 9l 0m» Vacca-Smith®} Bowen™ o] @ol|A] gtfCe= 4=
Abslel el Al ste] Agte] ofdlet. Lee 5779] 9ol XR
] 785 XSof| Hdf| gtfBe} gtfCO] o] W& Ao g Hiuwglo
], olafat 231 Im 522] A7H XRe] 2xpele] ke A}
oF F-AFHE, DNA chipg ©]-8-9F 2 ¢15l= o]@h= ditE= 2
IE BofFqleh 7¢I+t Aol 4] 0805 set®] gtfC -4 HH
o] XRoJA XS0 #]2f 12691} 227] HE| 2 om, set k] W
o] Kol 7} AFgs] # O (P-value=0.248) RT-PCRoJ A= DNA
chip ZT}e} §ARIRO e o ATHe 29 wr} G 74
9] 7154l £AE 58 gRlo] Fasirial At E3F XRof
A F7VlE §-4AF 5 Energy metabolism¥} #& Q1= gbpD
(gulcan binding protein D; SMU.772)+= gbpA (SMU.1005)
o} 37 biofilm f-2]o]] Tgo] Hli= Ao R g4 9ok, 2 ¢
T Aol A ghpAs= A= vt AghE BolX|= AN =
set®] Hatgko] XRoll 0.658) AAs}itt 9 A] Energy metabo-
lism3} B Q)= scrK (putative fructokinase; SMU.1840)+&=
insertional inactivation2 £3f] fructokinse®} mannokinase
o] BE 7HIE BRIGH oM™, o]= fructoses ¢4S}s}o]
glycolysiso]] o] ¢-8}=1] =& F= 7 o7 PztHch

XRo|A Z7}8t= §AA & transcription¥} T =
SMU.20272 et 752 oF4 & &= glew, SMU.1361ce=
bzl o] UMY Eo|A TetR familyQ] transcriptional regula-
tors 285l antibiotics®] 914 oL} efflux pumps, osmotic
stress 5} o] Q= A o0& defA Q.

Protein folding¥} stabilization?} WA= grpE (heat
shock protein GrpE; SMU.81)+= DnaK operon (hrcA-grpE-
dnaK)E 3= 442 acid shock®] A&lolLt acidifica-
tiono] A&E = 49 Z71sh= 202 dejA 9lok?. o] XRo|
g7Folut 4 o] XSeF - Aol & Hol#] ghor) XRE| 79 A
Qo A T AR W A 0w QIgE R o] A

— 1l

=3

XRo|A F7Fsk= dARS Foll4l RT-PCR primerg-© =
A AZsE F 1170 5 SMU.253 (D-glutamine and D-glu-
tamate metabolism and peptidoglycan biosynthesis; dacA)



a9l | BEg

& DNA chip 23 g3 GARH S71sks 235 94+ &
Sk B4 =& PvalueE 71(0.049)0| = E-3Fal RT-
PCRE 3¢l XRolA S57Fsl= aiel& 2R1IsHA] 523t o] f+= of
u}E RT-PCR% primer sequence®?} DNA chipo] A4 % 45-
47 nucleotides?] &-7Z#}2} homologous”} Wol Ao tst A
yelo] Yo Zlo g getect

0.5% o] 3EgHE v A|oflA] vijerE XRofl Al XSe B3]
154 o]} Fashs A= 7154 1552 amino acid
biosynthesis (aromatic amino acid family), toxin production
and resistance, energy metabolism (pyruvate metabolism
and TCA cycle), ribosomal protein synthesis, signal trans-
duction 5°] tj3£4 o]k

XRo| A Hash= A9 7152 oF4] AgshA Al
Hl7} ¢glom o]5 £ toxin production¥} T Q= SHAEQ]
a7k woll E S, o= %A XRolA F7Fsk= SMU.1361c
7} antibiotics©] ¥Hd 5-2] repressor& ZHX 3 HE | toxin®] A
A3} s GAAEC] Wdo] oAl Zo Azt ko)
%3t energy metabolism¥} THA Q1= 744 HE o] XRoj|A 74
Sl ARS B SlEt £3], pyruvate metabolism (SMU.1421,
SMU.1422, SMU.1423)°].} TCA cycle (SMU.670, SMU.671)
I I ARG ATt wofl H9iTt. T3 Ribosomal pro-
tein synthesis@} #& Q1= o F720] G422} signal transduc-
tion (phosphotransferase system, PTS)¢] H3 5-72%}9] WFd
o] 74319tk

XRof|A 1.58 o]} 7H4dl= 4= SollA RT-PCR &
o7 M. A ¥ 107 % SMU.1421 (putative dihydroli-
poamide acetyltransferase, E2; pdhC)= XRol|A Z7}sl= 74
99} 47142 DNA chip 23} i} §ARE 2348 o7 33}
At ofut: A &St RT-PCR-E primer?} DNA chip AF9] se-
quence®] homologous”} WAL = set 7F2] 9] Xfo|7} # A
(P-value=0.302) XRol|A] 7rA&sk= f-427F obd =% & A
O & g

2 A= F oseto]] gt A o= QIS Pvalues 53t
FAAR] A7t 50705 set7ke] ARo] 7} gl ol = E-5kal DNA
chip AHe 4123 Wtk Theke, XRo| 9417} A3 of
B3] S1el viefet 240 R5 planktonic AJEfo] L= A 7
W biofilme] $743} $3] $ARE AE Holx] 9 HE 9]
t}. S. mutans®| gene ontology 2| A K7} of2] vl 2] upr} ¢lof
Hepat )50 27 ofehe SHAS ko s, oA
AR AR Ao o 1S g5 4 gl AR A
IS GESHA AR 2ot H = ARk elet sl mEA]|r
o7 =goixe} el XRy} XSO 444} Wl o] Xo]He A
@05 RolFA] B4 ) R ARFEoleT B 4 gAY,

Dol BT B ATE AU BRE ol83e] 05%
Z=g3} 19 wylitolo] E5 71014 vk XR3H XS] 4]
$4 S-S DNA chip ol g8fe] HliL. 4]

HHX|oflA] DNA chip2 0|28} Axj2lal
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0.5% 3Eego] 3EFHE v A|of| A uljeF8lal DNA chip: ©]-§-3}o]
27O AR A S Bl et AR ok 22 282 49

1. XR} XSo| A E2]sF RNAE o]-8-3}9] S. mutans UA159
Oligonucleotide 3 X 15K chip®f hybridization A A8 A}
3 1,9287119] §425 1,793709] 847 mSle 23
UeEhon] o}5 F 27778 159 o4 271 3-8 7ttt
ek

2. 0.5% T=F¥} 1% AAefEo] ZE HjA|of A uljefer
XRoJA Z71ol= A4 & 17471921 o]5 5 10745 RT-
PCR& -53to] DNA chip A3} g} v H55k3ich XRejA
F7Ph= AAES 75 EE 5014 cell envelope, cellular

processes (cell division), DNA metabolism (replication, re-

i

=

>

pair and recombination), energy metabolism, transcription,
protein folding and stabilization 5-°] F5 o] %4}

3.0.5% E=FI} 1% ADefEo] 23 HjA|of|A] ufj et
XRo A A= A= ¥ 10371921 o5 5 97HE RT-
PCR2Z 53to DNA chip 23} g3} vjal F58H%th XRofA
Ak FAAES 75 EE G145 amino acid biosynthe-
sis (aromatic amino acid family), toxin production and re-
sistance, energy metabolism (pyruvate metabolism and TCA
cycle), ribosomal protein synthesis, signal transduction 5}
P GG 25 ot}

olel A¥ Ail= AdeEe] A7t s Tl B
XR¥} XSO] F44} W@ Apol= EH 3] EAshH, 53] 0.5% &
Lo a5 Hjx o A ulFE XRO| A5 712 A elE e

o]

A7 9 715 A9 BA Aol fARE Ho] onE, B A7g
S 8 S QS WAl SAHT 371He) A )
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