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""#4#45353""$$55 Streptococcus mutans is one of the primary bacteria that cause dental caries which further result in plaque
build up. Acid production resulted from carbohydrate metabolism can threaten survival of the bacteria. However some
populations of S. mutans which are exposed to low acidic condition for a period of time would develop resistance and
tolerance of cells to acidity that will enhance the chance of survival. Similar acid tolerances has been reported in case of
Salmonella enterica serovar typhimurium, E. coli, Shigella flexneri. These acid tolerance responses(ATR) have been
evolved in a similar manner as S. mutans. The protein produced in acidic condition has been proven to be important for
ATR and confirmed by using chloramphenicol procedure. We hypothesize here that proteins synthesized in response to
acid shock and other elements are important for ATR of cells. In this study we have confirmed that S. mutans developed
acid tolerance and resistance against anaerobic condition. Mutational DNA analysis responsible for acid tolerance should
be additionally required in the future. Since the development of acid tolerance that is essential for the survival of S.
mutans and development of dental caries, ATR of S. mutans shoule be farther to prevent dental caries.
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Streptococcus mutansº �²·W ^�b� ~jÖ�Ã~ "
º� ö� ^��
. S. mutansº DNA "VWª 5 DNA/
DNA çÿW ��ö ~�B �² S. cricetus, S. rattus, S.

mutans, S. sorbrinus, S. ferus, S. downei, S. macacae �
8«b� .Ó;' ª~& &Ë~
. S. mutansº ÛW6VW
^��æò, 6V'� ��öB �' �Ë� ��Úæ�, ^V
'� ��öB~ �Ëj *�Bº º&'b� CO2(5%)~ �
/� jº~
1). 6� �G ��� �Ç~�, �Ë ³ê& ¶
ÒV r^ö 
þ'b� ô� �Ï>º ¢> ËÚ^�
ö j
� ¢¦ö �;>Ú V·>� ®
. ��� �F� ÖÒ ¾¢
öB S. mutansö &� ôf ��& Úê'b� ��Úææ
á®î�, "� B� F#�¾, ��, ¢� �" ?f ¾¢ö
B 
·� ��& ê¯>Ú z
.
*Ò ÖÒ ¾¢öB ê¯>º S. mutans &N ��º ��
5 FVÖ ÛB Î"¢ æîº Â� z�bî~ öïj Ï'

b� ~º ©� "~¢ ;W~� ®
2-5).
~æò ��� ~jÖ�Ãö &� 7"f ^�~ ÷ëW �
Öj *� "�'� �Ökj B�~Vöº �¦�� ©��,
~jÖ�Ãö &� ç7'� Oæ¢ *�Bº ¦z 
·~�
Úê'� ��& ê¯>Ú¢ � ©b� �'B
. ¯ S.

mutansö ~� ~jÖ�Ã B÷";~ ª¶�b�' V·" �
;Ú¦ ~ãö �Â� Ðº 
·� stressö &�~º ËK �
j ªC~º ©� F¯>Ú¢ � ©�
.

S. mutansö ~� ~jÖ� FB";f ^�ö ~� �WB
®ÏW glucan~ ~j¦O, '« �;^�" ïBB ;W>º
~C �Ò� ê>zb� ^�ö ~� BÎ>Ú �WB FVÖ
b� �� �;Ú pH& Ôjæ² >�, ¯ FVÖf �;Ú~
pH¢ 5.5 �~� ÔºÚ ~j~ �Ö¢¾ 7 Ca2+j �� ~
j ��j ¦��Êº ©b� J«>Úæ� ®
1). 6� Î²
GTase(gluc-osyltransferase)ö ~� glucose¢ ®ÏW glucan
j �W~�, �º ^�
j ~jö ��® �;�B Ö�j
/ê�
5). ��� ¢N~ "; 7öB B�~º "ê� Ö�
W� ~jÖ�~ &Ë � ö�j B�~² B
. �;Ú ~�
(plaque)öB~ Ö�W ;ê¢ G;� ��Ö"ö V�� �;
Ú ê>zb F«� biofilm B�V*" F«>º ê>zb~
³êö V¢B ~�(plaque)Ú~ pH& pH 7.0öB pH 4.0
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�~� Ôjæº �*� 20ª� j �Òæ pb�, �WB ê
2¢ ;ê B ~�(plaque)ö 5% sucrose& �/F ãÖöº
£ 3ª�� /Ï� pH~ 6²& ¢ÚÂ
� ��>î
6,7).

Ö� S. mutansº ê>zb ª� 7 "ê~² �WB FVÖ
ö ~�B /Ï® Ôjê �; Ú ÖW ��öB ��� zb
�, �©� &Ë~² ®~ ^�~ ß>� Ö 'w 5 &�V·
� �Ò~� ®rj r > ®
. 6� �f FÒ� ;�� �;
Ú Ôf pHö �Â>Ú ��~� ®º ãÖº Lactobacillus

species¾ S. mutans �~ Streptococci¢ � .� 
 > ®

8). �
 ^�
f Îv ~jÖ�Ã FB" &N>Ú ®b�,
"ê B�� FVÖö ~�B /Ï® Ôjê �;Ú ÖW��
öB~ ��j *� Ö'w V·� �*ö² ~jÖ�Ãj F
B~º 
·� ÷ëW º²
" &N ®rj º;~º ©f
ÚJÚ ¢� jö ©�
.
�� Salmonella enterica serovar Typhimurium ?f ÷ö
W ^�~ ãÖ ^�~ ��Ò 7 ãþ~² >º 
·�
stressö &� ôf ��& ê¯>îb�9), � ^�~ ãÖ �
ËVö V� Ö&�V·� RpoS ~�' >w" ;æV Ö&
�V· � 'Úê v &æ& �Ò~º ©b� C&r
10,11).

�Ò� 6ê'b� E. coli, Shigella flexineri �~ ËÚ^�
�ö &�Bê Ö&�V· ��& ê¯>� ®�, Öö &�
&�ËKj ¾æÚº ßW� ÷öWj ¾æÚº� &�® 7º
� ��j �
º Ö"& C&æ� ®
12).
�çöB ö� ©" ?� S. mutans~ ãÖê Salmonella

�~ ËÚ ^�öBf îR&æ� ��Ò 7öB 
·� ~ã
æz¢ �; ÚöB ãþ~² >�, ß® ê>zb ª�ö ~
�B /Ï® Ã&� Öö �ÂB ãÖö ��~º O»f Ö
&� 5 'wV·j �F� 
� ^�~ ãÖf ?� ßF~
Ö 'w 5 OÚV·~ �Ò¢ ºG &Ë~² �
. 6� �
©f ~jÖ�Ãj FB~º 7º� ÷ëW º²� ·Ï� >
®j ©b� ÒòB
. V¢B � ��öBº ÷öW S.

mutans~ ¢>'� �ÒWçj rj��, �;Ú ~�(plaque)
öB~ 6V'� ��" ÿ¢� 
þ' ~ãj �W~� S.

mutans~ 6V' Ö 'w 5 Ö &�Ë~ �Ò¢ {�~&
.

Òò�5�O»

1. ÒÏ �" 5 V· Væ
� 
þö ÒÏB �̂f �;Ú¦~ ~jÖ�ö &Ë ç7'
� ö�B�j ~º ©b� rJ^ ®º ÷öW Streptococcus

mutans(ATCC25175)��, ^�V·j *� Ã� Væ� Brain
Heart Infusion(BHI), Tryptone Yeast Extract Glucose(TYEG)
�Ò� Tryptone Yeast Extract Glucose(TYEG)¢ æ;� >
-�² �ÚVæ 5 �ÚVæ¢ ÒÏ~&
6,8,13)(Table 1). ̂ �

~ Ã�f �' �Ë ��� 37oC 6V'� ��öB ;~V·
ö ~�B ��Úr
. Ö&�Ëj 
þ~V *� 6V' V·j
*�B anaerobic/environment chamber(Sheldon Manufacturing,
Inc / 5% H2, 5% CO2, 90% N2)f GasPak(BBL Co.)öB Ò
Ï>î
. S. mutans~ �Ú 5 �Ú VæöB~ �G ßWj
rj�V *�B BHI �Ú VæöB ê&V·B �Ú¢ BHI
5 TYEG �Ú VæöB 6VV·� ^�j &çb� &V~
&
. ^�~ V·�~ pH æz¢ rj�V *�B ÒÏB

pH meterº orion 720A��, ^�~ �Ë�ê¢ G;~V *
�Bº spectrophotometer (Turner Co.)& ÒÏ>î
.

2. 6V' Ö ÚWê �Ò
6VW ��ÚöB S. mutans~ Ö&�Ëj rj�V *�
B anaerobic chamberöB brain heart infusion(BHI) Væ¢
Û� ;Ú V· >Úê V·�j 3ª* ö�ªÒ(5000 rpm)
~� �Ò�">� washing � êö tryptone yeast extract
glucose(TYEG; 20 mM glucose / 40 mM phosphateÁcitrate
buffer) �ÚVæö �Ú¢ 7«~� � V·j 
�~&
. S.

mutans& &> �ËV(O.D600 nm= 0.4) ræ Ã�>�, ZVÖ
� HClj �Ï�B '' pH 2.5, 3.0, 3.5, 4.0, 4.5, 5.0,
5.5, 6.0b� V�; B TYEG �ÚVæ(heat blockj �Ï~
� 37oC� *&�)ö '' ÿï~ �Ú¢ 7«~� �*ê�
^�~ ��Nj G;~&
. '' 0, 3, 6, 9, 16, 24�*ê
~ ��N 5 �ËNj jv~&
. �Ò� � Ö"ö V¢B
Ö&�Ë �Ò¢ 
�~V *� S. mutans~ &~Ò pHf ~
Ò pH& Ö;>î
.

3. 6V' Ö 'wË �Ò
6V' Ö ÚWê �Òö ~�B Ö;B S. mutans~ &~
Ò pH� pH 5.0" ~Ò pH� pH 3.0j V&b� 37oC
anaerobic acid tolerance response(ATR) �Òº 5% H2, 5%
CO2 5 90%~ &V� �;B anaerobic chamber(Sheldon
Manufacturing, Inc)öB >¯>î
. Adaptedf unadapted�
¾*ÚB 
þj 
�~&º�, adapted~ ãÖ THYG �Ú
Væ(pH 7.5)öB �Ë�Î �Ú~ V·�j 1/50 ³ê�
THYG >-�² �Ú Væö 7«~� O.D600 nm= 0.4& >ê
� ;~ V·� 
r, ZVÖ� HClj ÒÏ~� V·�j &

5BCMF �� Media composition used in this study

BHI medium
Calf brains Infusion 200.0 g
Beef heart Infusion 250 g
Protease peptone 10.0 g
Bacto dextrose 2.0 g
Sodium chloride 5.0 g
Disodium phosphate 2.5 g
Distilled water 1.0l

TYEG medium 200.0 g
Pancreatic digest of casein 20.0 g
Yeast extract 3.0 g
Glucose 3.0 g
K2HPO4 1.0 g
Disodium phosphate 2.5 g
Distilled water 1l

TYEG modified semi defined medium
Casamino acid 200.0 mg
Yeast extract 3.0 g
Glucose 3.0 g
K2HPO4 1.0 g
Disodium phosphate 2.5 g
Distilled water 1.0l
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~Ò pH� pH 5.0b� �;~�, 1�* 30ª ÿn ÒV·
~�, Ö'wj ãþ~² � ê, 
� pH 3.0b� �;~�
�*ê� ^�~ ��Nj �Ò�b�� G;>î
. Adapted
ATR �Ò~ &��� unadapted~ ãÖº ^�^�
j
OD600 nm= 0.4ræ V·�Î 
r, V·�j pH 3.0b� �;
~� �*ê� ��Nj �Ò�b�� Ö;>î
(Fig. 1).

4. ^�~ Ö �Â�*ö V� chloramphenicol ¾Ò Î"
S. mutansº 6V' Ö&� 5 'wË� ®º ©b� {�
>îb�, � Ö"¢ Æ&� �f ?f anaerobic ATR *ç
� ÖW ��öB Fê>Úæº proteinö ~� ©�æ¢ {�
~V *�B protein �W &�B� chloramphenicolj ÒÏ
~�B �Ï~&
. 37oCöB TYEG >-�² �Ú Væ(pH
7.5)öB O.D600 nm= 0.4ræ Ã�>Úê ^�j pH 5.0b�
�;� Ê 0, 30, 60, 90ª* ÒV· êö chloramphenicol
j '' Î&(2 mg/ml)~&�14), 
� 90, 60, 30, 0ª* Ò
V· êö �« pH¢ 3.0b� �;~� �*ö V� ��N
j �Ò~�B S. mutans~ anaerobic ATR� proteinö ~�
Fê�æ¢ Ö;~&
.

Ö"�5��V

1. ÒÏ �"~ �ÒWç 5 ßû
S. mutans~ 6V��öB~ �ÒWçf anaerobic chamber

ÚöB brain heart infusion(BHI) �ÚVæf �ÚVæö '
' V·~&j ãÖ �ÚVæöB �GB �Úö &�B
Gram "ïj 
�~� Streptococcus spp.~ ßû� �²·W,
chain ;W" æö;~ �Gj &V� > ®î�, �ÚVæö
B V·� ãÖº ÖF�~ 7�� ®º ·f �V~ colony
¢ " > ®î
1,2)(Fig. 2).

2. 6V' Ö ÚWê �Ò
S. mutans~ 6V' Ö &�Ë �Òº pH& V�;B

TYEG(glucose 20 mM / phosphateÁcitrate buffer) �ÚVæö
B ��Úr
. ''~ �ÚVæö ÿï~ �Ú *V·�j 7
«� 
r �*ê� ��Nj G;~�B Ö;>î
. ^�~
>º ^�V·�j �C~�B, brain heart infusion �ÚVæ
ö dropping � Ê �GB colony¢ �CV>f ��B ê>
� > ®î
. �*ö V� ��N Ö"¢ �� V·� pH&
2.5~3.0 Ò�~ V·�ö �ÂB ãÖº �Ú 7« ê £ 3�
* �Úö Î� �� Ò�� ©j r > ®î
. ¯ V·�
pH& 3.0~3.5 Ò�öB S. mutans~ ~Ò pH¢ Ö;� >
®î
. �Ò� V·� pH& 5.0~5.5� ãÖöº Ö �Â�
*" &êì� �Ú~ 6²& ìîb�, pH 5.5~ V·�ö
7«B �Ú~ ãÖ 6~9�* Ò�¦V Ã�� ¢Ú¾º ©j
r > ®î
. 6� pH 5.0� V·�~ ãÖº 7« ê
9~16�* ræº �Ú~ >& ¢;~² Fæ>º ©b� ¾æ
Ò�, �©f V·� pH& 5.0 ;êöB �Ú~ static state
(;~ç�)& ��Úæº ©j ��"º ©b�, &~Ò pH¢
Ö;� > ®î
. �Ò� 9~16�* �ê¦Vº 
� Ã��
¢ÚÒ
. V¢B S. mutans~ 6V��öB &~Ò pHº pH
5.0��, ~Ò pHº pH 3.0b� Ö;>î
. V¢B � Ö"
¢ �Ï~� 6V' ��ÚöB~ Ö&�Ë �Ò¢ � > ®
² >î
.

3. 6V' Ö 'wË �Ò
6V' Ö ÚWê �Ò� Ö;B S. mutans &~Ò 5 ~
Ò pH¢ V&b� 37oC anaerobic acid tolerance response
(ATR)¢ 
�~&
. &~Ò pHöB 'wV¢ ãþ� ãÖf
�-æ á� ãÖö V¢B adaptedf unadapted� ¾*ÚB


þj 
�~&
.
6V' Ö ÚWê �Ò~ Ö"º Fig. 3öB ¾æÂ :f
?
. S. mutans~ 6V �Ë� Ö'wV¢ ãþ� adapted~
ãÖ& pH 5.0öB~ Ö'wV¢ ãþ~æ á� unadapted
ãÖ�
 ú�® ¸f ��Nj ��"º ©j r > ®
.
Ö'wV¢ ãþ~æ á� �Ú~ ãÖº pH 3.0~ ÖW��
ö �ÂB æ 4�* òö Ö'wV¢ ãþ� �Úf jv~�
£ 10,000% ;ê~ ��N 6²¢ ¾æÚ� ®î
. �©f
S. mutans& &~Ò pH� £ pH 5.0� £ÖW~ ���

'JH� �� Schematic representation of acidification tolerance
response test.
Cells were grown in TYEG semi defined media(pH 7.5) at 37oC in
anaerobic. (a) The pHs of cultures were adjusted pH 5.0 with
inorganic acid.; (b) For acid adaptation in pH 5.0, cells were
incubated in anaerobic chamber for 90 min.

'JH� �� Light microscophy of Gram-stained
S. mutans (magnification: Ü1000)
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"Úî ãÖö Ö &�Ëj ²F� > ®² >º ©j ~�~
º ©�
. 6� Salmonella enterica serovar Typhimurium, E.

coli �Ò� Shigella flexineri �~ ËÚ ^� �öB "�
rJr~ Ö 'w 5 &�Ëf �; Ú¦öB ~jÖ�Ãj
FB~º S. mutansöê �F>Ú ®rj ö~º ©�
10-13).

4. �̂~ Ö �Â�*ö V� chloramphenicol ¾Ò Î"
S. mutansº 6V' Ö &� 5 'wK� acid shockö ~
�B B�>º protein~ Fêö ~� ©�æ¢ �Ò~V *�
B Ö'w �*ö V¢B chloramphenicolj ¾Ò~&º�,
Fig. 4~ Ö"f ?� Ö'w �Vö ®ÚB chloramphenicol
ö ~�B �ÂB �*" ��N" >jf~º Ö"¢ ¾æÚ

î
. �©f chloramphenicolö ~�B acid shockö ~�B
Fê>Úæº Ö &� 5 'wKö &ê>º protein~ �W�
ÛB>º ©j ~��
. ~æò chloramphenicol ¾Ò êö
Ö 'wV¢ ãþ� �Úê ¢; BÚ> �ç� ��� > ®
º ©f S. mutans~ anaerobic log-phase ATRö &�~º

� º²& �Ò~� ®rj º;� > ®² �
.

º £

Streptococcus mutansº �*ö² ~jÖ�Ãj FB~º "
º ^�b� �;ÚöB ~�(plaque)& ;W>�, ê>zbj
ª�~�B B�>º FVÖö ~�B ��ö *7j A² B

. ~æò £ÖW ��ö �Â>ÚB Öj ãþ� S. mutans

º ;ÖW~ ��öBê ��� > ®º Ö &� 5 'wËj
³�~² B
. ��� Ö &�Ëf Salmonell enterica serovar
Typhimurium, E. coli �Ò� Shigella flexneri �öB {�
>î~ acid tolerance response(ATR)" FÒ� V·ö ~�
B áÚê ©j r > ®î
. � *çf ÖW��j ãþ� r
Fê>º protein� "º� ��j ~º ©j chloramphenicol
¾Òö ~�B r > ®î
. ÿ�ö acid shockö ~�B F
ê>º protein ��ö �� &æ º²
� ��'b� ��
�� ËKj <² ~&j ©�¢º &;j � > ®² >î
.
� ��ö ~�B S. mutans~ 6V' ��öB~ Ö 'wV
·j {�~&b�, Ö &�Wö &�~º F*¶~ ò�æ�
Ú¢ �Ï� 
þ� º&'b� jº~
. S. mutans& �;
Úö ��~º� j>'� Ö &�V·� Ö� ~jÖ�Ã F
B~ ÷ë²� 7º� ��j ~V r^ö ~jÖ�Ã~ "�
'� �Öj *� ��~ ¢~b� >�� �¯>Ú¢ � ©
b� �'B
.

6Ò~�&

� ¢^f 2000j &*��&� vÚ �Fj æöö ~�
©ª.
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