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Expression of Acid Stress-Induced Proteins of Streptococcus mutans
Isolated from Korean Children with Caries
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2 & 2 dAFodie gl o] $AXOIREE S, muansE H2]3}aL, acid stressstollA] wE| gt S. mutans©)

3 2 F95}A} 5FSith 2D gel electrophoresisES 33t 21}, acid stressE<F elongation
factor Ts, hypothetical protein, putative amino acid ABC transporter, adenylate kinase, fructokinase, Putative 40K cell
well protein precursor, peptide deformylase, shikimate 5-dehydrogenase, mannose-6-phosphate isomerase, threonine
synthase, putative dTDP-glucose-4,6-dehydratase®] W&zFo] Eglo] Z71519on o5 M ZlL acid stresso] o]dl=
R PECIEEE N

Abstract In this study, we are interested in comparing the protein profiles of acid-shocked and control cells of
S. mutans isolated from Korean children with caries. The results of 2D gel electrophoresis showed that twelve
proteins are up-regulated when the cells were grown under 20 mM lactic acid stress in the exponential phase.
Up-proteins under acid stress were estimated a major key of the survival and proliferation of S. mutans in low
pH environments. These proteins are estimated generally associated with three biochemical pathways: glycolysis,
alternative acid production and branched-chain amino acid biosynthesis.
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HE] B3t Streptococcus mutans2] WA whalz o] diE

o SlojAl AAARl dFE mAe Aoz dA Uk
[6]. WA Alto] AbAg 712l tiet W2 AES &
sto] Ate]l gt A5 W Hol7]|d2 WS YEd=
o Fa3 948 Zgshrt=s i HuEa glom
[71, S. mutans®] 7= E-G9] acid stress@} A= 7|2+

A

So] XolAl% U] Fag WEHOR Aok
o AyzrET,
= S, mutans2] WA}
wE A, 7154 W #4540 ukt A= ol
Fi w9l ez A Harso] Fow[g], FA =
Well A ZY=l= S mutans B At St D {714
AAEHE A= AAEHY T U3t Zlo] iR
OJTH]. FUOIME FHe10] AT O ZRE S mutans)
o] #EE At o]F|A L §loLH10], X|ohe-4]€]
Y A S S 9 oleh Tl Rl wet
= glucosyltransferase?} fructosyltransferaseS codingd}
+ glucosyltransferase gene®?} fructosyltransferase gene2]
ole 79 BEig uprf glo1l].
AJohg-AlFo] gt L2212l AdsiES fleiA= S.
H 3]

mutans®] ©J5k X|ob$-41% wriEig o) BApgESH 7]

_1

AT} S mutans7} TR B30 wEA) A ookt
stresso]] AT 52 5 Bajsl v} Base,

E3| S mutans2] Ao thdt stresso]| A&sH= Hio] 7| ZF
of ek A= AokeAlFel tgt Fa%t sfAAE Al
A 4 og Ao Ak,

wjebd, B QAL el 124] vlek opEe] 94
Zobe tdeR Alats AFIst] S mutansE w25hal,
acid stressalol|A] E2|3F S. mutans2] YA S} &
R T e el s,

2. Mz A A

21 MNERFF

Sajo] AAET Gt 124] Blgk ok Ho}e AR
Q= EE Ealgt S. mutans K7-2[12] Th2-9] Adlo| ARE-
stlen Hxde TR (KCTC, Daejeon,
Korea) 0 2R E] HoFLS. S mutans KCTC 30652 ARE-

AMgsldey o et BHI AAuxlo] A wjeret 2
22 1% gEsle] 37CA wieshEAl Ade] olgs}

ATk

2.3 DNAZIME EM

Genomic DNA®] H2]*= genomic DNA isolation kit
(Nucleogen, Korea)S o]-835}¢itt LR-G&A}12] DNAS
ZEZ3517] Y8k S. mutans UA1592] genomic sequence
E 7|%ZE primerg HASIITHE 1]. PCR §H&-2 &2
3t genomic DNA 50 ngof| 25 uM forward % reverse
primer (Bioneer, Korea)S Z+Z} 4 ul, 10x PCR reaction
buffers 5 0, 2.5 mM dNTPE- 2 xl, 2.5 units Tag DNA
polymerase (Bioneer, Korea)S 0.5 ul H7}5G o
A ER4E sl AF 50w WRsh o
PCR 1§ tubeo] ¥l thg 21¢] w2} PCR ¥h3-2 4
AlSFAct HA] 94 Cof| A 5E7F W3-t T} denaturation
2 94°Coj|A] 45%, annealingS 55 Col|A 18, extentionS
72CoA 182 303] ¥HE5}aL, final extention 72C o)
A 108 AAJEkAT

[Z 1] PCR ¥ sequencing primers

No  Primers

Nucleotide sequences(5°—3')

Target gene product

1F ATG CCA GAT AAT CGC ATG AAC
AAA CGA CCA CAA CAG GAT GTC CC

689R

Hypothetical protein

33F ACA TAA ACA TTT TGG TAA AAA TGA GG
2 Putative amino acid ABC transporter
732R CCC TAA AGG AAC CTT TTC ACA AT
4F AAT CTT TTA ATC ATG GGA TTG CC
3 Adenlate kinase
597R AAC TTC CTT TAG TTC TAT AGT TAA TA
SF TGC TAT TAA AAC TAT TAC TAA AGC CAG
4 Peptide deformylase
596R TTT AGG AAA ACT TTA TTT TCT TCC
22F CGT TTA GCA GCT GTT GTC GC
5 Shikimate 5-dehydrogenase
834R CTT TAC GGC TCA GTC CTT TAG
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Thermal cyclert= GeneAmp PCR system 9700
(Applied Biosystems, USA)S o|-&3}%cl. PCR HIS-E2
1.0% agarose gelof|A] H7]9=3}l0] DNAQ] ZX Q. Fol
L5 3lslgck. PCR product:= QIAquick PCR
purification kit (Qiagen, Germany)E ©]-83s}o] A5}
o, AAE PCR products> F7|AGEA 0| o] &=
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dAE A=A & 108) Fae] 7 M urea, 2 M
Thiourea, 4% (W/v) 3-[(3- cholamidopropy)
-dimethyammonio]-1-propanesulfonate (CHAPS), 1%
(w/v) dithiothreitol (DTT), 2% (v/v) pharmalyte, 1 mM
benzamidine2 LAE A|Z-ZN 7} &§}1510] homogenizer
(PowerGen125, Fisher Scientific, USA)Z E3lslich 1
23 S 222 QA 1AIZE 54k vortexing 3F3] S
™, 15CoA 15,000 rpmo2 A7 5t §4Z2] 5}
HEOS ol YA Fe] AR ARSI T
9] =& =%& Bradfordy{[13]0.2 4335} Th

2.5 2D gel electrophoresis

A2} isoelectric focusing (IEF)& ¢J5}o] IPG strips
7 M urea, 2 M thiourea, 2% CHAPS, 1% DTT, 1%
pharmalyte2 G4 % reswelling 8N O 2 ARLofA] 12-16
AlZF A% reswelling =]t} Strip & A|&= ZHZF 200
ugS ARE5F T IEF 2748 150 VoA 3,500 V74|

I I R
Mr

500
100.4
L

SOMBRHUUMEREY

na X ma a ]
LTI kel

P 2 s eah
a0 o 3
w0 : T o

Ll

160

O] =EARhE 3AIZE B SFGlem, 3,500 VollA] 264
7 ASHES sto] AFHOZ 96 kvh 7} HES 4%
shct.

o]22 02 SDS-PAGES Zall5l7] Ho| IPG stripL
1% DTTE $H3-3l equilibration buffer (50 mM Tris-Cl,
pH6.8, 6 M urea, 2% SDS, 30% glycero)Z 1057+
, ZHIE 2.5% iodoacetamideS $H&-
3l equilibration buffer2 10&7F T incubation d}$iTH
Equilibrationo] ¢+& % strips2 SDS-PAGE gels (20x24
cm, 10-16%) ¢ofl MEA7|L A7F5S S5k
oA g5 0] S oAkl e e & A

incubation 3}%32.

A
o AZfsiEch 1A sporse] SHWS} 21 9
T AR HA 9 Ao ofgt Tl B
Genomine (Pohang, Korea) serviceE ©]-8-3}%i T}
3. 241 o nF
3.1 Lol BHtEl Srmus S
S. mutans KCTC 30652} 31501 o] 5-0] x|o}-9-4]H.0]

> o

2HE Jed #3288 mutans KT& 45471714
Ui FAIA 40-50% G gFo] AefE= 20 mM9 lactic
acidE & A3 9] mild-shock &2 ZAA3}a1 1A]7FH5SH X
23t 3, 2D gel electrophoresisE 43§35}l PDQuestE
%3l image analysisZT}, acid stress5Qt S. mutans K79
Al 127119) ehlEo] S mutans KCTC 30659 4] Hc} g
deFo] dAs] F7IeE AL WA 5 UATHH 1]

MALDI-TOFE o] g3ke] 1270] chul & EA 2
I IS A 11719 galdo] F4Eglen, of&

[3Z 1] 2D gel o|m|R]EAS 0]-83F 20 mM2] lactic acid stress <t THl 2 WS EA A, S, mutans K72] 2D gel
olu|x] BA%; B, S. mutans K7; C, S. mutans KCTC 3065.
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SH=Ql Alols o7 HE| Bt Streptococcus mutans®] WA whalzl o] v

=]

[ 2] MALDI-TOFE o]-&

3} peptide mass fingerprinting®]] 2|3+ Thid F3

Spot No  Accession No.*  Score Coverage MW(kDa) pl Protein name Change
1 24380373 1.83 42 47.7 4.5 elongation factor TS up
2 24378827 2.39 31 29.4 5.0 hypothetical protein up
3 24379048 2.29 39 31.4 4.8 putative amino acid ABC transporter up
4 24380348 1.34 39 30.3 5.2 adenylate kinase up
5 287459 2.37 30 35.7 52 fructokinase up
6 24379086 231 30 77.4 5.1 putative 40K cell wall protein precursor up
7 24378660 1.95 34 29.2 5.6 peptide deformylase up
8 24379237 2.35 44 36.1 5.6 shikimate 5-dehydrogenase up
9 24380201 2.36 47 44.4 54 mannose-6-phosphate isomerase up
10 - - - 61.5 53 no identification up
11 24378595 242 42 61.3 5.5 threonine synthase up
12 24379855 2.35 46 45.2 6.5  putative dTDP-glucose-4,6-dehydratase up

“Number of protein sequence database hosted by the NCBI, USA.

gzl o

CHEH 212 elongation factor Ts, hypothetical protein,
putative amino acid ABC transporter, adenylate kinase,
fructokinase, Putative 40K cell well protein precursor,
peptide shikimate

deformylase, 5-dehydrogenase,

mannose-6-phosphate  isomerase, threonine synthase,
putative dTDP-glucose-4,6-dehydratase © &2 T | ]t}
[E 2.

S. mutans K704 @x|5HA] o] S71E das
Hol 127)9] ghalEle K7ofA] acid stresso]] oldl= &
o]z iR ER o]E WAL glycolysis, alternative
acid  production W
biosynthesiso]| Toidl= Ao g A=)

AE#A =28 transcription?} translation®] @70
719181 v|AALA Q] L% thulz o] 27 gHISiT) o]
o} prlato] BAAET} proteasei= T OHYAS
ZZ3}31 misfolded proteino] &2-& HWHx|gro 2 AJz]Z]
B3 Aol 71o17itt. acid stressEF RE O] HAAR
H|Z23} protease 2! DNA repair enzyme2] 2Hg o] =715
o] ®ix|o]Hcl GroELY} DnaK: protein folding,
renaturation @ degradation®]] #oidl= EXAHEC 2
DnaK= biofilm3 4] X acid, heat, H,0, A2E g2 0] 2o
3l F-ATPase E31A4|Q] ¢+ 3l Hodskal, GroEL-&
biofilm3 A 4 heat AEH | Ao] Holdl= ZoF HIE]
ATH14].  E3F HtrA peptidase,
peptidyl- prolyl isomerase (RopA)2} ClpP peptidase-2 S.

mutans2] TFOFSE stress@} biofilm3 Al o] Holst= Ao =

branched-chain  amino acid

ribosome-associated

Hyg 3 lei15].

o3t AFLZAIE & uf acid stress protein> heat
shock stress, oxidative stress 53} 7+ stress response2}
T UHsk ATAE FASHE P Aor HojZch
3k Ssb  (single-stranded DNA-binding protein), GreA
PnpA
(polyribonucleotide nucleotidyltransferase), PepD 5] t
WAL WS pH BHA S mutans O] YET} FAof F
23k ARl A4S ddste Aoz A ArH16].

(transcription elongation factor),

3.2 DNA €7|ME M
Acid stress =t S, mutans K70\ A @54 Wa ko]
Z71E 12709 whamz =

amino acid ABC transporter, adenylate kinase, peptide

hypothetical protein, putative

deformylase, shikimate 5-dehydrogenaseS codingdl= -
HAAZE z1zF PCR ZE3}0] S. mutans KCTC 30652
Mape} . 24sisc

PCR 2259 F7IAES &45t3eH, d714 4 H|
WA primer -2 ASSET. G714 4SSl
NCBI (National Center for Biotechnology Information)2]
BLASTN algorithm ©]-83F GenBank databaseo] 2]3}
FTZQHRAE Eelstget. S mutans K73 S, mutans
KCTC 30652] 42} 97]4 <82 CLUSTAL X program
(Thomsonetal., 1997)©. 2 Multiple Sequence Alignment©]]

o8 uli BASIT.
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AR NN BE BATE S AR mEAA 2
o]5 yEFYQIt) Hypothetical protein geneS 99.4%2]
identity 13 25 UEFJ 1 © 1, putative amino acid ABC
transporter gene-2 99.7% “12] 3, adenylate kinase gene-2
99.8% 1% 4, peptide deformylase gene> 98.9% “19 5,
shikimate 5-dehydrogenase gene2 99.1% 13 69

identity S 27} LR itk

K7 1 ATCGCATGAACTATAGTAT..........
3065 1 ATCGCATGAACTATAGTAT..........

K7 241 ATGGTAAA......... GCCAGG..........
3065 241 ATGGTAAA...... GCCGGG.........

K7 481 AATTACAGGATCAGGAA...
3065 481 AATTACAGAATCAGGAA

K7 541 TGAACTAT.......... IGGCTTT.........
3065 541 TGAACTAT......... TGGITTT.........

K7 601 TTGTC.......... ACGGGTGAAATTT
3065 601 TTGTC.......... ACAGGTGAAATTT

[8! 21 S. mutans KCTC 3065%} B3t S. mutans K72]
Hypothetical protein gene sequences.

K7 1 CGTACGGCACCTATCTGCC..
3065 1 CGTACGGCACCTATCTGCC..

K7 61 TGACAACC.......... GTCAGCA.
3065 61 TGACAACC......... GTCGGCA.......

K7 121 CCAGCTAA......... AAACATT........
3065 121 CCAGCTAA........ AAATATT.........

K7 1021 ATTCTATC......... GAGGGGA......
3065 1021 ATTCTATC......... GAGAGGA........

K7 1081 TGTTCCTT.......... CGAAGATAGIG
3065 1081 TGTTCCTT......... CGAAGATAGTG

[28! 31 S. mutans KCTC 30652} H] 13t S. mutans K72]
Putative acid ABC transporter gene
sequences.

amino

K7 1 GAGGACGG..
3065 1 GAGGACGG..

421 AACGTGAA........
3065 421 AACGTGAA.......

K7 481 GGCATCCA........ TAAAGGICTTA
3065 481 GGCATCCA......... TAAAGGTCTTA

[ 4] S. mutans KCTC 30652} 8|8t S. mutans K72
Adenylate kinase gene sequences

K7 1 TTATGAAT.......... CIGTTGC.........
3065 1 TTATGAAT.......... CTGTCGC..........

K7 181 CICCGC......... CATCATTGC.........
3065 181 CTCCGC......... CATIATCGC.........

K7 241 AAGACGG.......... ACAACCC.........
3065 241 AAGACGG....... ACAAICC.........

K7 301 TCATTGCICA......... AAGGG........
3065 301 TCATTGCACA......... AAGGG.......

K7 421 AGAACAG....... ATCAATC..........
3065 421 AGAACAG....... ATCAGTC..........

K7 481 AAATTGAT........ AAATCCTTTTG
3065 481 AAATTGAT........ AAATCCTTTTG

[8! 5] S. mutans KCTC 30652} B8t S. mutans K72)
Peptide deformylase gene sequences.

K7-6 1 ACCTTTTA......... TTCACAAC..........
3065 1 ACCTTTTA......... TTCACAAC.........

K7-6 121 TGGCATTAACGT.......... CTTG..........
3065 121 TGGCATTAACAT......CTTG.

K7-6 241 CGGITACA.....
3065 241 CGGTTACA......

K7-6 361 ACAAGCAGTT.......... TGCTAA
3065 361 ACAAGCAGCT........TGTTAA....

7-6 421 AGAAACAAA.
421 AAAAACAAA.

K
3065

K7-6 601 ACCAAACC.......... CAACCTTT..........
3065 601 ACCAAACC......... CAACCCT T.ueeeeen.

K7-6 721 TGCAGCTT.......... GTAAAGAAATGC
3065 721 TGCAGCTT......... GTAAAGAAATGC

[8! 6] S. mutans KCTC 30652} B3t S. mutans K72)
Shikimate 5-dehydrogenase gene sequences.

4. 4=
Skl oy 2ROt HE Eelgt S mutans K79
Al acid stress=QF 1271¢] whalEo] S mutans KCTC
306504 Hr} Wdgo] dA3F] S76lT ol F 1
NE Al 117]9) Thuio] FH =1 Cm elongation
factor Ts, hypothetical protein, putative amino acid ABC
transporter, adenylate kinase, fructokinase, putative 40K
cell well protein precursor, peptide deformylase, shikimate
5-dehydrogenase, mannose-6-phosphate isomerase,
threonine synthase, putative dTDP-glucose-4,6-dehydratase
o= WyE Yt
127]9] Tha] == hypothetical protein, putative amino
acid ABC

deformylase, shikimate 5-dehydrogenaseS

transporter, adenylate kinase, peptide
codingdl= &
AAE 212} PCR FE3}o] S, mutans KCTC 30652] &
AR} v BEASE A= Hd 99.4% identityS H S

=1
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