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�  
112no 
Â&3 ñ3 gyh�i)%&³jkl 
m<�n3 g� !")%&³Â)o'b�³^pl 
q&rs3 gtSw¾)%&³Â)ol 
 
HI 
� Góìy"Q90Wâ�éDñ�¼TòdOSCCeþ�P� ALDH15åzyzþ�/��
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�à�»Ðj4�ñ� CIC2�_�.ùz4á`[�2�&NM2��&H 
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+ä3zBîEò8�2��áQLS WB21 �Ê<�,P�z�g�i;±���6�Q
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DÄ"'(�p���+;�â:z1çwFQã¨�0�³�wx³"QéD¢r2I~

�_-�.»øxEF_�8É~.�0�c#±�ÉY��H��üzø��Qc#±z
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gôõë�zIJ�Qégù�ÉY.zøx�&H'�c#±�|��&�o?p�ç´
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¨Ls WB21£S�©�76��ªef�Ú 

� égz�{2�_ÕÖ���������]?Áég+�g�+�z;)�&1.ég

W4³ 26²"r�_Qti#?/�ûh�'t�ÇrJ+(;�g�gë�z��&HT
�³z 2- (A-6�à B-) "�ªH"�ç�7�Qs 1K2�_ A-"� Ls WB21
W]�Ê<�, (2 × 109 CFU/day) z B-"�'t�ÇzÆ1�_ 2 NL 1/ 3 �s1

�&HR�¾ 2 NL�¬åKLz9_Qs 2K2�_QA-"�'t�ÇzQB-"� Ls 
WB21W]�Ê<�,z 2 NLs1�&HÚs1KL�¹¾"Qég��2éDÄ)�z

IJ�&H��X/�QÜ05�ç|-Q��p�Qno�ñ�éD©�zz,�&H 
 
«Ls WB21£S�©�76��¬G5-Óg8�� 

� ÕÖ���� 6 �� 64 ²zrÝ2�&Ðh�ti#?/ôõë�zIJ�&HT�³

záß¼�"�ç�ªH" 4-"V7QLs WB21W]�Ê<�,QLs TI2711W]�Ê<
�,QôõrÝÊ2�_ Streptococcus mutans"r[8èdzW]�&�g��=i DC
W]�Ê<�,Qf8�,g�W]�Ê<�,��óFMz�çX_& (ö 1)H�Ê<�
,�}Gó"uy8��<`�Qs1¹2s1 10´¾�z�g�i;±�Qc#±�Q`
aSº�QSº pHQSºer4��/z¨©�&H 
ö 1. ë�-2���ÄÓ 

 

 

 

 

 

 

 

Ë Y;N��i�£Sá5�-78� ®?�ª-¥Y8��3

� ÕÖ���������]?Áég+�g�+�z;)�&1.égW4³ 18 ²"r
�_Qti#?/ôõë�z��&HT�³��ªH"§>f[�g�W])*�- (I
�-Q9²) 2§>f[�g��W])*�- (rJ-Q9²) "�çX_NF&HéDp
�� 1/ 3p (�-¾)QÆì�»ç"����<`�&H1) �Êt8")*�z 1 cm1
8Q2) �2���p�z 3´L��Q3) wÊt8P 5pwp�z��Q4) �T��~¾

Û[�ð¾"QJ�)*�z 2cm<"1çQéDÄ�d"T�Pg)���N�|Qp�
¾ 30´�|-z���Hq~Áì¹ (Ng;tpi) 2 4 N¾"Qég��2éDÄ)�

zIJ�&H 

        -
(n) 

 
�Ê2�´ 

WB21 
(n=17) 

LS1 
(n=16) 

�g��=i DC 
(n=13) 

f8�,g� 
(n=18) 

�Ê² �6��j�±WB21
�Ê<�, (VM»2
jå) 

;g�g+��8� 
(S<i��pi�gs
8�s�) 

Yft (�gi;�g
+) 

WB21�Ê<�,MNc
#±z1ç��&»� 
(VM»2jå) 

ÉY�´ 
(1¢°&ç) 

L. salivarius WB21: 
6.7 �108 CFU 
Xylitol: 280 mg 

L. salivarius LS1: 2.8 
�108 CFU 
Xylitol: 450 mg 

S. mutans GTF�èd 
Xylitol: 100 mg 

Xylitol: 280 mg 

Þ zi, +�gizi, �<i) zi, 
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¯3°�|�¹%]£S_`� ±²���ªef�Ú3

� ÕÖ���� 6 �� 82 ²zrÝ2�&Ðh�ti#?/ôõë�zIJ�&HT�³

�áß¼�Pti#?" 4-"V7NFQ1¢°&ç�/�[���)gm? (CPC) 1 mgQ
j�[��[i#�f�m? 2.5 mgQff�mhf; 20 mg (Ð�åv±�: 80 mg) � 3
q�ÉY�´zW]�&éDãäå ((ghmpiO)QCPC 1 mg��zW]�&éDã
äå ('(�+,O(�')QÉY�´zW]���p�£3 (S�;+)Q�"�8¤é�
�óFM��çX_NF&Hs1°8��¤é¹¾"QégQw���Q`aSº�QS

º pHQSºer4��/zé2&Hég�6��T�³�à�&yQégåZ¹" 1 mM
q[�gi�¹ºP¤é�Q�5�& VSCsy�� 80 ppbÆ¼�w]z%�rÝ2�&H 
ö 2. �´ö2�� (n�%�rÝ³�) 

 

 

 

3

3

3

³Y6� ##{´-Óg8µ¶=�F���3

� GóÕÖ��������� 21 ²zrÝ"Q�K¨wI�z��&H�*�P 3 /L
¤éQ1�_ 3/L�m��8�rm,KLz�6PQ0.1%�/tu¹ºP 3/L¤éz
��&H¤é�}/ 3pQ5 mLºP 1´LIJ�&H¤éÁì¹/2 3/Ü��!¾Q3
/Ü��-¾�¤éMN 5 5L¾"Q`aSºzC1�&HSºPi'�MNË:�&9
± DNAzË:� 16S rRNAÛk3z�~�&0(8g¢i;%�ü"��_9±$��
=Zz��&H´�P��:� 0.3%z��±qz%�rÝÅ2�&H 
� `"QÕÖ���K���� 20²zrÝ2�_Q�K¨wI�zIJ�&HT�³�Q

0.3%�/tu¹º 5 mLP}/ 3pQ4 NL¤éz��&H¤éÁì¹2 4 NL¾��!

¾"Q|-6�à¤éMN 4 5LÆ¼9L�&×ØP`aSºzC1�&HSº�çË:
�&9± DNAMNQ16S rRNAÛk3z PCR"��_B3�Q0(8g¢i;%�ü"
��_ 1150T�gO� (6 2.8 ���) �W
�öNF&HOTU%�¾QéDÄ9± 16S 
rRNA��W
¥g�Ng;z~�_�Í.�åz��Q±v%�z��&H 
�

JJÚ�KL3

·Ls WB21£S�=��¤��� #��-¥Y8���¦§ 

Ls WB21-� 20²Q't�Ç-� 22²P°�&H��Q.jQI�Áì¹�/06�
à9±�tqg��-Lôõ"6�_Q�á��ÉÝ�e��NF�M�&HI�Áì¹

ë�- 
ÉY�´ 
 (1¢°&ç) 

(gh 
mpiO 
(n=15) 

'(�+, 
O(�' 
(n=14) 

S�;+ 
(n=14) 

�¤é 
(n=14) 

�/�[���)gm? 1 mg 1 mg –  
j�[��[i#�f�m? 2.5 mg – –  
ff�mhf; 
(Ð�åv±�) 

20 mg 
(80 mg) 

– –  
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2 2 NL¾�/0�tqg���/"��_%��&2�þQÚ-2» BOP ��62`
aSº��Bî�ÉÝ"xyNF&H1�_ BOP ��/"��_-Lôõz��&2�
þQLs WB21-�'t�Ç-"ôõ�_ BOP�ÉÝ"�6�_6çQ#±�VWij4
êzøx[8�2�P�& (È 1)HSºµ�±�%�P�Q�±��WB21-PÉÝ"�
6�&HG&ÉÝe����QLs WB21 -P��°?9± Prevotella intermedia, T. 
forsythensis, Treponema denticola, Fusobacterium nucleatum�±���6�&H�F
"r�_'t�Ç-P��°?9±��6��NFóQP. intermedia"6�_�ÉÝ"B
î�&HL. salivarius±�� Ls WB21-PÉÝ"Bî�&�k�éDÄ9±"r�_±
��6�áQL¿BC�xyNF�M�&HT-RFLP%�"�8±v%�P�QLs WB21
H�"��_�î�"B�[8±q�xyNF�M�&H 

 
È 1. BOP��6�. * P < 0.05. 

 

¨Ls WB21£S�©�76��ªef�Ú 

I�KLµ"A��&³ 1²2è±åz#~�&³ 2²z´�rÝÅ2�Q23² (�. 4
²Q�. 19²Q���� 44.3±11.6 �) "��_ôõ´�z��&HÚ-2»" Ls WB21
W]�Ê<�,s1KL�'t�Çs1KL2ôõ�_QVSCs 2�°7¢�,��K"

ÉÝ��6zxy& (È 2, ö 3)H 
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È 2. VSCs��/ 

 
 
VSCsz 3�´"´r� Ls WB21s1KL2't�Çs1KLzôõ�&LºQLs WB21
s1KL����p/�+y�2q[�q�f'�iy�"6�_ÉÝ��6��EF

&Hp/�+2q[�q�f'�i�éD����ã�ég�´P°ç Ls WB21 �éD
���ég"r�_01ª~z`[�2�`ýEF&H�°7¢�,z 4 z�Æ¼Q5 z
�Æ¼Q6z�Æ¼�� �"V7_ Ls WB21s1KL2't�Çs1KLzôõ�&L
ºQLs WB21s1KLP� 6z�Æ¼�7¢�,�"6�_ÉÝ��6Q5z�Æ¼�7
¢�,�"6�_»�6O¿z`�&H\4��QBOPQw��5�QSºË:�"6�

_�ÚKL2»"ij�QÚ³L"�á���ó���NF�M�&Hc#± Ls WB21
W]�Ê<�,�s1�QVSC<N���6Q�"éD���ég2�_ûã�p/�+

2q[�q�f'�i��6Q5 z�Æ¼��°7¢�,��6z»&N�QégY�Ì
ég���}«2�8
4.�`ýEF&H 
 

«Ls WB21£S�©�76��¬G5-Óg8�� 

� Ls WB21W]�Ê<�,-QLs TI2711W]�Ê<�,-Q�g��=i DC�Ê<�
,-P�Q�óF»f8�,g��Ê<�,-"ôõ�_z�g�i;<N�z0Ã8O

¿��NF& (È 3)HLs WB21W]�Ê<�,-2f8�,g��Ê<�,-�L"�á

��ÉÝe�xyNF&Hc#±<N�"��_�QLs WB21 W]�Ê<�,-6�à
Ls TI2711 W]�Ê<�,-P�Qm%"Sºµ�c#±��Bî�Q�g��=i DC
�Ê<�,-Qf8�,g��Ê<�,-2�L"�á��ÉÝe��NF&H�FN�

�Ê<�,s1P���&c#±�ª~�_�8�2�øxEF&H`aSº�"��_

�QLs TI2711W]�Ê<�,PBî�Qf8�,g��Ê<�,2�L"�á��ÉÝ

e��NF&H�Ê<�,zuy8�2"�çSº��Bî[82Yn�_�&�QLs 
WB21W]�Ê<�,2�g��=i DC�Ê<�,P�SºBî��NF�M�&HS
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º pH "��_�Q�óF�-»�Ê<�,s1¾"Sº pH �Bî��NFQ-LP�

á��ÉÝe��NF�M�&HSºer4"��_�Qf8�,g��Ê<�,-PS

ºer4��6��NF&H�F"r� Ls TI2711�Ê<�,-2�g��=i DC�Ê
<�,-P�BîO¿��NFQf8�,g��Ê<�,-2�L"�á��ÉÝezx

y&H 
� Ls WB21W]�Ê<�,P�s1¾"z�g�i;<N���6�QLs TI2711W]�
Ê<�,P�`aSº�2Sºer4�Bî��NFQ�FN��Ê<�,s1��o�

;+"r�_Ðè.z`[�2�VM�&H 

 
È 3. z�g�i;<N���/. P < 0.05. 

 
¸Y;N��i�£Sá5�-78� ®?�ª-¥Y8�� 
� Ng;tpi%�"6�_QI�-2rJ-�L"ég<N�2éDÄù@��á��

ó���NF�M�&HNg;tpi2 4 N¾�Lºzôõ�&2�þQég��"6�

_�QI�-P\4��;brQp/�+y�Qq[�q�f'�iy�"ÉÝ�ij�Q

rJ-P\4��;br"ÉÝ�ij�xyNF& (È 4)H�"I�-P� 2²�Q\4

��;brP-ég��B2jZ[8;br 1 Æì"ij�&HéDÄ)�"6�_�Q
I�-P���°7¢�,QBOP��]Q'tg+�5<��ÉÝ��6��NF&H}
�QrJ-P� BOP ��]"W��ij�°�&»��Q�á��ÉÝe��NF�M

�&Hw�;br2wö�����"��_�QÚ-2»"�/��M�&H§>f[�

g�W]éD¢r~)*�"�8éDp��Q�°þ��ù@zij[8�2"��_é

g�ij"��[82ÂÃNF8H 
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È 4. \4��;br (¼) 2p/�+ (�) 2q[�q�f'�i (�) ��/ 

 
¯3°�|�¹%]£S_`� ±²���ªef�Ú3

� égåZK�[2_�-P�6�&H(ghmpiO-Q'(�+,O(�'-QS�

;+-P�s1¹¾"�á��ÉÝe��NFQ�óF»��ç»7F&ég01Yº�

°8�2�VM�& (È 5)H(ghmpiO-2'(�+,O(�'-"6�_�Q»Ó
ég���2��[ 100 ppbÆì"ij�QCPC"�8è±ª~�ÂÃNF8H 

 

È 5. VSCs<N���/. P < 0.05. 

� w����(ghmpiO-PBîO¿z`�&Hff�mhf;"�,�ª~�°8
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2$VF8HéD���ég�}äP°82ÂÃNF_6çQ(ghmpiOP���¿

¼"�8ég01Yº�ô1.�KZEF8HG&(ghmpiOP�Sº pH "Q'(
�+,O(�'P�Sºer4"QRF\Fs1¾"ÉÝ�Bî��NFQ�FN�Sº

Î4z÷Ó/�QéDÄ9:�©�/"áá�2�`ýEF&H 
 
³Y6� ##{´-Óg8µ¶=�F���3

� �K¨wI�"6�_Q3/L��/tu¹º"�8¤é¹¾�±���zé2&2�
þQ18±q�BîQ18±q��6�&Hm%"Bî�&±q� Actinomyces¥Ì
Streptococcus¥�ñ�éDÓ�±P°�&HPorphyromonas¥Ì Fusobacterium¥�ñ
� VSC9�±��á��"ÉÝ"�6�Q�/tu¤é�ég�bi,(g�"É~P°

8�2�`EF&HG& P. gingivalis2�RMè£��NF8 S. gordonii»ÉÝ"�6
�&Htup�i� P. gingivalis��i�+2L][8�2"��_ P. gingivalis2 S. 
gordonii�}RMz+x[82����¶·�°çQtup�i�±v��"L��"»
ª~�_�8
4.�`ýEF&H 
� 2 �õ��K¨wP�QTerrahaemophilus aromaticivoransQPorphyromonas¥9±Q
Fusobacterium nucleatumQCorynebacterium durum�ñ��6�Qég�Ðä±2�
_¶·EF_�8±q�Ð�gGF_�&H}�QRothia¥QActinomyces¥�ñ"Bî
[8±q��NF&H�M�Q�d2�_9±v$�q"678�������NFóQ

tup�i�>?z;78q�}�"%NF8�2�j�&Hég�Ðä±2�_�NF

_�8»��Ð��6[8�2�&NM"�çQtup�i�e5.p/�2L][8ð

7P�áQégÐä±��Xz0Ã8�2P»égz01[8Yºz»&NE[�2�`

ýEF&H 
�  
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� � � � î�"��éD9:��/6�àéD9:�ij�

��bö³ �Ø� ��d�]���ÄÅ��]���´{�¢£e 

�

EEF 
3 O�Î4.³t; surface pre-reacted glass-ionomer (S-PRG) �Sqp�iz�£[
8�2��NF_6ç�â���©.�xyNF_�8HVFVF�éD9±"r[8>

?zé2ìG�Lºzö&HS-PRG¹:º� Porphyromonas gingivalis�'(�rgà
©.Qàt[i´%©.z01�QFusobacterium nucleatum 2�}RMz+x�&Hj
t?0.±"�8�p�S��?��z01�&�Qβ-³t+,8#gà"r[8ª~�
xyNF�M�&HSºµ�9±"�8�p�S��?��z+x�QEN"��EF&

Sº�p�S��?zýþ[84ê»xyNF&HÆ¼�LºMN S-PRG��oÌ�°V
�Y�"Yº�°82ÂÃNF8HR�_î�"��éD9:��/"r@�éD9:�

ij"��[82KZEF8H 
� �

12G* 
î�"��éDÄ9:��â"�/[8�QR�9:ò/zN|[8ä32�_éDÄ

9±�>?�ÂÃNF8H�����34P°8�o2�°?»Q}"éDÄn��"�

�_Ü�8ãðWP°8H¥i��'tg+[�V½éD�p�S��?�QÐÊ�9±

L��ª~"��_ªNFQEG�G�±���?Ðä3zÉ[8HO�Î4.³t;

surface pre-reacted glass-ionomer (S-PRG) �¥i��'tg+"4���QB2�_�
ÜEF_6çQ�FGP" S-PRG W]<)i�è'tg+ª~ÌQS-PRG gÉFv��

$�è±ª~�¶·EF_�8HR�ÉYä3��2�2�_QS-PRG�p�i�£.�
`ýEF_�8HS-PRG�S�+QPm+Q;,(i[m?��â�p�iz£:[8�
2��NF_6çQ9±���©.">?z6���_�82ÂÃNF8H 
#��P�9±�?Ð.z S-PRGP01[8�2z�2�&H��Ü��Æì�»çP

°8H 
1. P. gingivalis�'(�rgà©."r[8ª~ 
�°?Ð.9± P. gingivalis�9�[8'(�rgà�Q#±�Ò»ûã�?Ðä3P
°8H#±�'(�rgà©."r[8 S-PRG¹:º�>?zé2&H 

2. P. gingivalis�àt[i´%©."r[8ª~ 
àt[i´%4��°þ��ýþ"ûãP°8�Q��"r�_�^_��AßzN|

[8ä32�_ª~[8H#��P� P. gingivalis�àt[i´%©."ß�[ S-PRG
¹:º�>?zé2&H 

3. P. gingivalis2 Fusobacterium nucleatum �}RM"r[8ª~ 
}RM�9±�þ�ù�Z5zN|[8ä32�_ûãP°8H�ã��°?Ð.9±

Íª�RM"ß�[ S-PRG¹:º�>?zé2&H 
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4. β-³t+,8#gà"r[8ª~ 
β-³t+,8#gà�Qjt?0.:±�j�b8#gà��2�PQ±�Z5Ì9:
�w"è��QÓV:± Streptococcus pneumoniae "6�_�?Ð.��2�2�_
»ûãP°8HéDÄ9±P�QS. salivarius, S. mitis, S. gordonii�ñ���\K�5
9±Ì�oÐä±P°8 S. mutans"#�+©.�°8�2��NF_�8H#��P
�QEscherichia coli ���β-³t+,8#gàz�~�_QS-PRG ¹:º�>?zé
2&H 

5. éD�p�S��?��"r[8ª~ 
éD�p�S��?���\KÒ�"è£[89±"��_Q��+�ù��5"r[

8 S-PRG¹:º�>?zé2&HG&QSºµ�9±"�8�p�S��?���01
Ì[P"��EF&�p�S��?�ýþ4ê"��_»�2zîÃ&H 

 
HHI 
	�S-PRG¹:º�ª� (×äÏ� O�)H 
� � S-PRGS�tgz���µP 245L��¾Q�@Q�L"�ç�¹.�´zpDH # 

lot �ù@�ìG�»çP°8HpH7.3QAl: 1.5ppm, B: 890.5ppm, Na: 368.2ppm, Si:  
6.0ppm, Sr: 78.4ppm, F: 105.0ppm  

	�P. gingivalis�'(�rgà"r[8ª~ 
 P. gingivalis ATCC 33277×z��ý��Q�@¾�¼pz'(�rgàPi'�

dP.g SEe2�&H�+©.�QBz-Arg-pNA�#�dBAPNAez��"~�&5¦
í@"�ç¨©�&Hí@º�þ��Q1 mM BAPNA, 0.2 M Tris-HCl, 0.1 M NaCl, 5 
mM CaCl2, 10 mM L-cysteine, 1/10 P.g SE, distilled waterddweor S-PRG¹:ºP
°8HS-PRGzbî�&w]2���w]PQ5´Û2" 30´LQCl���/zé
2&H 

Ì�P. gingivalis�àt[i´%©."r[8ª~ 
P.g SE" dwG&� S-PRG¹:ºzîÃÒ�Q��&Hàt[ibg��ij�&h

�+;�S��?dKodak Ultraspeede" 20μl ó�;7�,�Q�� 100%�ù@P
37�Q	5Lpif�Ng,�&HS��?zË�ìP�¤¾Q;7�,�&ö���

ß�&w]zàt[i´%©.°ç2jZ�&H 

�P. gingivalis2 F. nucleatum �}RM"r[8ª~ 

P. gingivalis ATCC 33277×2 F. nucleatum ATC25586×zºd���}RM��S
igP¤��&HdwG&� S-PRG¹:ºPQ��&}RM��Sig" ¡�Ú³z

Î]�&HRMLº�jZ� S.A.KinderN��ü"Éß_�~P��&H 

�β-³t+,8#gà"r[8ª~ 

E. coli��β-³t+,8#gàz�~�Qo-nitrophenyl-β-D-galactopyranosidez��
"~�&5¦í@PCl�zåZ�&Hí@º� 10%°8�� 50%z S-PRG¹:º"
�v�Qí@�¾2í@ 1 5L¾"Cl�åZz��&HrJ-2�_QS-PRG ¹:
ºz dw"�v�&í@º2FÉ¢�ªj~�Ò×erºzq~�&í@ºz~�&H 

y�éD�p�S��?��"r[8ª~ 
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S. mutans JCM 5705×QEnterococcus faecium WB 2000×"��_Q96 £Tp+(

'<g,z�~�&'tg+��I�z��&HSºPö�½Ú�&m*�"QCl�

OD660 = 1"éj�&9±z 20 µl2Ò�Q��& S-PRG¹:ºzgx��z 160 µl
zbî�Q37ºC P 16 5L¤^���&H�F9±z�â�Q¤����¾Q0.25% 
safraninPð¦�Cl�zåZ�&HG&Sºµ�9±"�8�p�S��?"��_
»�2zîÃ&H©Óý
ý�-I5SºzÎ]�&»�zSºPi'�2�_q~�Q

¼G2Í�"�p�S��?z��&H��EF&�p�S��?�ýþI��ìG

�»ç��&HSº�p�S��?���EF&Tp+('<g," S-PRG ¹:ºz
îÃ 37ºCP 245L¤^��Q¼pz�â�&�½Cl�zåZ�&H 

�

JJÚ�KL3

1. P. gingivalis�'(�rgà"r[8ª~ 
È	"Q0.05 g� P. gingivalis ATCC 33277×�çéj�&'(�rgà�í@z`[H
S-PRG¹:ºzbî�&w]�Qbî���w]"ô2_í@¢����á�/�Q©

.�01EF_�8O¿��NF&dÈ	eH}�Q0.08~0.1 g�±d�çéj�&'(
�rgà�í@P�Q0y��'(�rgà�&y 5 ´¾"��í@�&2ÖVFQ
S-PRG ¹:ºzbî�&w]2bî���w]Pó���NF�M�&d¥g�Ðö
`eHG&QP. gingivalis�	��×dATCC33277×Q381×�È	e"��_Í��
Lº�öNF&H'(�rgà©.01�qfgh?�o¾�2[8dã�°8�Q

S-PRGMN¹:�&p�i��+�©.µ@"ª~�_�8
4.�°8H 
 
 
 
 
 
 
 
 
 
 

 

È	.� 0.05 g� P. gingivalis ATCC 33277×�çéj�&'(�rgà�í@ 
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A.                                          B. 
 
 
 
 
 
 
 
 
 
 
È 2.� P. gingivalis �	��×�'(�rgà"r[8>?dA: ATCC33277×QB: 381×e 

 

 

Ì�P. gingivalis�àt[i´%©."r[8ª~ 
í@º" S-PRG ¹:ºz 40%Æ¼îÃ82QP.g SE �àt[i´%©.�01EF&
dÈÌeHàt[i´%©.��°þ�">?z6��[�Q��^_��Aß"»è£[82Â

ÃNF_�8HS-PRG��°V�|�Y�Ì^_��D¥�"»���
4.�°8H 
 
 
 
 
 
 
 
 
 
 
 
 

ÈÌd��àt[iS��?��3� ��àt[i´%©.�01Lºe 

 
 

�P. gingivalis2 F. nucleatum �}RM"r[8ª~ 
}RM��SigQ�5" dw z S-PRG ¹:º"�v[82 P. gingivalis 2 F. 
nucleatum�}RM�01EF&dÈ
�
eH}RM��p�S��?���Ì��"

è£[82ÂÃNF_�8HS-PRG�#©.z01[8�2"�ç'tg+�5�+x
Ì�°V�5W01"���_�8
4.�°8H 
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� � � � � � � � È
�}RM��3 

 

 

 
 
 
 
 
 
 
 
� � È
�S-PRG¹:º"�8}RM�01 

 


�β-³t+,8#gà"r[8ª~ 
Èy"Qí@º� 50%z S-PRG ¹:ºP�v�&í@ºzÒ�Q��&Pi'��Q

í@�¾ (�) 2 15L¾ (�) �Lºz`[HS-PRG¹:º2 dwzq~�&w]�Q
Ò×erºz�~�&w]"ôõ�_W�í@�õG8�QÚ³�L"ó���NF�

M�&H10%� S-PRG ¹:ºzgxí@º"��_»Í��LºP°�&HS-PRG ¹
:º�Q�5L"β-³t+,8#gà©.z��[8ª~���2ÖVF&H 
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Èy . 50% S-PRG í@�¾ 

(�) 2 50% S-PRGí@ 15L¾ (�) 

 

 

y�éD�p�S��?��"r[8ª~ 
S. mutans JCM 5705× (È 7A) 2 E. faecium WB2000× (È 7B) PQS-PRG¹:º

bî"�ç�p�S��?���01EF&H&ðQ9±�qr"��_01�M��i

��&�Q�F�î¥p�i"r[8±�ã;.ÌL].��i.�ó�"��_åF&


4.�°8HS-PRG¹:º"�8�p�S��?"r[801�Sº��p�S��?
"6�_»xyNF&HS-PRG¹:º�y����"Sº�p�S��?���z01�
& (È 8A)HG&QS-PRG¹:º���EF&�p�S��?zýþ[84êzÉ[8�
2»&NM"��& (È 8B)HS-PRG�éDÄ�'tg+"Ó"�[8w¤"q~EF_
6çQ�p�S��?01ª~�°8�2� S-PRG gÉ�QB��oY�Ì�°34Y
�"�����_�82ÂÃNF8H 

 
A                                            B 
 
A.       � � � � � � � � � � � � � � � � � B.�         

A    B 
 
 
 

     
 

 
 

ÈÕ. S-PRG¹:º��p�S��?��ù�ª~HS. mutans JCM 5705 (A)Q E. faecium WB2000 (B)H 
 

 
 

50% S PRG í@

A.       � � � � � � � � � � � � � � � � � B.        
A BBBBB
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A                                          B 
 
 
 
 
 
 
 
 
 
 
 
È 8. S-PRG¹:º�Sº�p�S��?ù�ª~H�  
Sº�p�S��?��+x(A)QSº�p�S��?�ýþ (B) 

 
 
JJÜ3

S-PRG ¹:º� P. gingivalis �'(�rgà©.dBAPNA ´%©.ez01�&H
P. gingivalis�'(�rgà��â���©.zÉ�Q�°V�5WQBò"4áèV�
_�8HS-PRG¹:º"�801qfgh?�	&P°8�Q'(�rgà2î¥p�i
�L]z S-PRG ¹:ºµ�Sqp�i�¦]+x�_�8
4.�ÂÃNF8HG&Q

S-PRG¹:º� P. gingivalis�àt[i´%©.»01�&Hàt[i´%©.�^_�
�Aß"è£[82ÂÃNF_6çQS-PRGgÉQB�^_����KY¾z�§"[8

�2�KZP�8HG&QS-PRG¹:º� P. gingivalis2 F. nucleatum �}RM»01
�&H}RM�01"��_» S-PRG¹:ºµ�Sqp�i�è��_�8
4.�°8H
o¾Q�+©.Ì}RM�01qfgh?z%&[8dã�°8H 

β-³t+,8#gà�±�Z5Ì9:�w"è�[8ð7P�áég�9�"è£[8

�2»�NF_�8�op���P S-PRG¹:º"�8>?�xyNF�M�&H�M�Q
jt?0.±��p�S��?��"r�_� S-PRG ¹:º�01�"áá�2�&N
M"��&HEN"QSº��p�S��?���+xÌýþz[84ê�°8�2�&

NM"��&H 
S-PRG�jt?0.±Qjt?í.±���©.z01[8�2MNQ�oÌ�°V�

Y�"���2ÂÃNF8H}�Q4ê�#±4zÉ����R�´Q�d"r[8>?

»6��2ÂÃNF8HS-PRG�^_�Ì���T$"q~EF8�2�àáQ�K�"
ª~[8�2"�çî�"��éD9:�ò/z�ÅYº�KZEF8Ho¾�ég01

�QQOL�¿¼"è[8>?z�2[8YZP°8H 
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GoAG�
C UU�

TAG�
ATC�

UAG�
STOP�

TAG�
ATC�

DNA�

tRNA�

lacZ �� 

GAG�
CTC�

CAG�
GUC�

LacZ�
protein�

Gln �

lacZam�
mutT � 

lacZam�
mutT � 

X � 

TAG�
ATC�

GoAG�
C UU�

Glu � Glu �

CR63� BT369� BT370 BT3701 

GoO GoO
GoO

Strain 

Genotype 

Colonies on 
LB plates with 
X-gal and IPTG�

È	-ri�gÙ��i�Ú�LÛ�B2RFzB�

Eò8z�g�i,�¤¥�È 

�

� � � � #/ +<�[O2Ûk�¶5åiÓ�

��bö³ ¨é� ¡Q� d./15���i�g�Õ¦¢£e 

  
ã6 
#��P�Q#/ +<�[OP°8 8-�fØjrgid8-oxoGe"Üä[8-ri�g
Ù��i�Ú�LÛ�B�0��"Ü�8�Ö±�z�g�i,zà�´ß�%��&H

R�LºQ´ß�&z�g�i,�Q +<�[O�]�"£V8Ûk3QRNAÌ DNA
7�qtgà�Ûk3QS�i�+��Ûk3Q�i�+��]�"ááä3�Ûk3�

ñ�z�g�i,P°8�2�VM�&H�FN�Ûk3�QâÃÐ 8-oxoGz1ç~G
����"Q°8��ª~�����"á�_�8�Qz�g�i,�R��&15zã

ä[8��"��&»�P°82{å�&Hæç�"}Æ�z�g�i,z%�[8�2

"��_Q#+;,<;"rè�_ááÛk3�5åéêÎ$z&NM"���2�_�

8H 
#��"678z�g�i,� DNA��W
�%�QGmk�+dguanylate kinasee 

��j6�àí@åZ����Úa3ZªdÕÖ���Î4��/�ÄÅeQz�g�i,

×MN� RNA7�qtgà��j2í@åZ�ñ�/��I��èéVZªdµ�Á�
��´3���¢�e2�}Í��"�8H 
 
��Ü� 
 
#/ +<�[O� 8-oxoG� DNA"1ç~GF820��PÙ��i�Ü�8H�F

GPR�Î$"è�_�¹�á��EF_�&H}�Q8-oxoG � DNA ð7P�á RNA
"»1ç~GF8�Q��w]�Ûk�¶�5å"iÓz»&N[H ÒfQ8-oxoG zg
x RNA234�./2�èÆ��ÜEFQ#/;,<;2 RNAbä����ûã��2
��_�8H 
�Ö±� mutT Ûk3�Úº×P�
#/ +<�[O� 8-�fØjrgi 
(8-oxoG) "��_-ri�gÙ��i
�Ú�LÛ�B�Ü�8�2��NF

_�8H��åÝ� in vivoP 8-oxoG
"Üä[8Ûk�¶5å�iÓz¨©

"��P�8Õ}�ÔP°8HÈ	�

��åÝz�&[8¤¥�ÈP°8H 
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Penicillin screening at 42� for 120 minO

Plate on LB containing X-gal (250 mg/ml) and IPTG (100 mM)

Incubate at 30� for 48 hO

Pick up light blue colonyO

mutTO::OCmr lacZam)OBT370 (O

BT370 X� 

(48 clones) 

È	� z�g�i,�´ßhª ÈÌ� z�g�i,�Ûk3%��ü�â� 

#��P�QÈµ� XRPö�&�&�Ù��i"��_Q-ri�gÙ��i�Ú�LÛ
�B�B�[8���z�g�i,×z´ß�QR�Ûk3�ÍZ�%�Q6�àÛk3

Î4��/��%�z���2"��_Q#/;,<;"�8Ûk35åiÓz´3<N

�MN��[8H 
 

�ü 
 
È 2 �z�g�i,�´ß�üz`�&»�P°8H -ri�gÙ��i�Ú�LÛ

�B�B�[8����i�d»Ûk3dessential genee��iP°8
4.�°8HR
�w]�Úºcz�g�i,�_ö8�2�8�áQ×Ø�;�i×P��2´ß[8�

2�P����PQI�P���ã;.dtse�z�g�i,2�_´ßzë�&Hkd

�"�Q�+��r9:�3��X���ã;.P°8�Q�X
4�ë�P-ri�g

Ù��i�Ú�LÛ�B�B�[8z�g�i,� X-gal zgx'<g,¼Py�Ê�g
"ª¦�&b(ggzª8�2z<F"�_´ß�&H 
z�g�i,���ã;.�.��R�´ß�&y"dãP°�&�2"îÃ_Qz�

g�i,���ã;.�.��{�c2���.�;,"Tgfg2�_~�NFQz�

g�i,Ûk3�ÍZzäÒ"�&HÈÌ�z�g�i,Ûk3%��â�z`�&»�

P°8H 
 
 
 
 
 
 
 
 

 
Lº2Â 

 
��ã;.PQ-ri�gÙ��i�Ú�LÛ�B�B��&z�g�i,2�_ 87×

�z�g�i,zb�"´ß�&HÈ
�Qnc��z�g�i,×P-ri�gÙ�� 
i�Ú�LÛ�B�B��_�8�2zL½³+,8#gà©.�åZP`�&»�P°

8H-ri�gÙ��i�Ú�LÛ�B�B�Q[�V½L½³t+,8#gà©.�Bî

"#/;,<;� 8-oxoG �èV�_�8�2�Q(1) z�g�i,×"'t;zOP
mutT +Ûk3zlw�&w]Q(2) ¤^×ØìP���&w]"�LR³t+,8#gà
©.�Bî��NF�á�8�2P&NMP°8H 

 

ts-mutants 

Complementation test  

using a mixture of 10 Kohara’s � phage clones   

The second round of complementation test   
    using a single Kohara’s � phage clone   

DNA Sequencing for the gene(s)  
locating in the corresponding region  
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È
� z�g�i,�L½³t+,8#g

      Mutation 
Strain Mutant Gene 

Phage clone(s) 
complemented 

�-galactosidase 
activity 

DNA       Protein 

BT3701  ts0-2 gmk 571, 572  17.6 C119T Thr40Ile 

BT3704  ts0-42 rpoC 533   8.4 G2699A Gly900Asp 

BT3706  ts0-45 rpoC 533  15.5 
G2699A Gly900Asp 
G82A Asp28Asn 

BT3707  ts1-2 dnaB 636  13.6 G1135A Val379Met 

BT3714  ts2-19 msbA 217   6.6 G808A Ala270Thr 

BT3722  ts4-5 rpoC 533   9.9 G3760A Glu1254Lys 

BT3728  ts4-18 dnaN 565  10.6 G470A Gly157Asp 

BT3750  Rif r-3 rpoB   15.0 A1538C Gln513Pro 

 BT3723  ts4-7  prfB  467, 468  14.1  T397G  Ser133Ala 

BT3749  ts12-7  prfA  247, 248  20.9  T275G  Leu92Arg 
BT3750  ts12-9  prfA  247, 248                O   15.1  T275G  Leu92Arg 
BT3751  ts12-14  prfA  247, 248  17.4  T275G  Leu92Arg 
BT3752  ts12-21  prfA  247, 248  19.7  T275G  Leu92Arg 
BT3753  ts12-24  prfA  247, 248                O  19.9  T275G  Leu92Arg 
BT3755  ts12-29  prfA  247, 248                 O  20.0  T275G  Leu92Arg 
BT3756  ts12-30  prfA  247, 248                 O  21.3  T275G  Leu92Arg 

 
 

 
 
 
 
 
 
 
 
 
`ö"Qz�g�i,×��iÛk3ÍZz��&LºzG2y&H 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
� 	eGMKz�g�i, 
z�g�i, ts 0-2� guanylate kinase�Ûk3dgmke"�i��:EF&Hin vitro 
mutagenesis"�çQ��Ûk3� 119ôÜ���zý��"�Ã&w]QøM"-ri
�gÙ��i�Ú�LÛ�B�B�[8öåcz�:�&�2MNQ���+��i�

-ri�gÙ��i�Ú�LÛ�B�B�"£V�_�8�2�&NM2��&HGmk�
+� GMP«GDP��i#/z¬[8� 8-oxoGMP��i#/�P���Hz�g�i
, Gmk�+����i.�eá��_ 8-oxoGDPz���Q8-oxoGTPz9_mRNA"
1ç~GF8HR�Lº 8-oxoG zgxri�gbOi�B�[8�2"�çQRF"�
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O
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-1
8O
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 0
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5O

BT370X ��
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�_-Ú�LÛ�B�B�[82{åEF8HIn vitro�I�2�_Qz�g�i, Gmk
zyD��j�Q�+©.zé2&Hz�g�i, Gmk�ë�ìP»{�c Gmk"ô2
_%�á©.�ëM�&H���i.»é2&�Q8-oxoGMP«8-oxoGDP ��i#/�
øxP��M�&Hz�g�i, Gmk �	-ZPQ�+©.�VóM�M�áQÓ"�
��i.��/�ë<N��»�P°82[FÐQin vitroP�øx�8��M»�F��H 
 
	eRNA7�qtgà�z�g�i, 
z�g�i, ts0-42, ts0-45, ts4-5�Ì×�RNA7�qtgà�L’PÊUg�,�Ûk3Q
rpoC�z�g�i,P°8�2�j&�&H�FGP� in vitro���PQRNA7�q
tgà���2�_ GTP2 8-oxoGTPzôõ�&w]Q8-oxoGTP� RNAù�1ç~�
� GTP�6�R 15%"L®���2��NF_�8H#I�PöNF& rpoC�z�g�
i,�Q���i.�eá��&»�PQ8-oxoGTPP°�_»¯RNA"àá1ç~GF
82[FÐ-ri�gÙ��i�Ú�LÛ�B�B���&P�8HIu"z�g�i,

MN RNA7�qtgzË:��j�Q���~�Y�z 32PPF¼�& GTP2 8-oxoGTP
z~�_é2_�&H�:��NLº��³�ÊPQz�g�i,�+P� 8-oxoGTP �
mRNA "°á1ç~GF82��&Lº�öNF�M�&HGmk �+2w]2Í�"Q
in vivo2 in vitroP�I�� ��'zÌ±"�_²y8M��EF&8����P°8H 

RNA 7�qtgàLPÊUg�,�Ûk3drpo�e��iP-ri�gÙ��i�Ú
�LÛ�B�B���NF8z�g�i,�´ßzë�Q�F"�b�&Hè�����

Sii�8i� RNA7�qtgà�+x$P°çQ��å$Ñ.��idrif Re� rpoB
Ûk3"�½8�2��NF_�&�P, �Sii�8iÑ.P X-gal '<g,¼Py�
Ê�g�b(ggzª8»�z÷j�&Hb�"´ß�&z�g�i,� RifR-2, RifR-3, 
RifR-4 �Ì×�QDNA ��W
�%�LºMNQrpoB Ûk3� 1538  ��� A«C �
���vPQRpoB �i�+� 513  � Gln«Pro ��/P°çQÌ×2»Íß�iP°
8�2�j&�&HRNA7�qtgà��d$A�%M�_�_�8�Q#��PöNF
&z�g�i,��i �z�d$A¼"�Z�_�82QRF� NTP �û]/�u�
-(I�B"£V8©.� "°8�2�VM�&H÷Ó� RNA7�qtgà���d4
q� NTPe�³��÷D.d(I�ezÉ[8�Qopö&z�g�i,P���÷D.

d(I�e�6�e6PQ8-oxoGTP z1ç~6ð mRNA zàá]�[8&yQ-ri�
gÙ��i�Ú�LÛ�B�B��Ü�82{EF8H 

 
Ìe DNA]�èÆ�Ûk32S�i�+�èÆ�Ûk3�z�g�i, 
ts1-22 ts4-18� dnaBQdnaN� DNA]�èÆ�Ûk3"Qts2-19�msbA�S�i
�+��Ûk3�z�g�i,P°8�2� DNA��W
�=Z�çj&�&HdnaB�
Ðj DNA'�fgàzQdnaN� DNA7�qtgà III�LRPÊUg�,zbgO�
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_�8H-ri�gÙ��i�Ú�LÛ��B�B�Ü�8�� RNA" 8-oxoG�1ç~
GF8�2����ÐäP°8ÂÃ8�Qz�g�i,�´ß�%��#��PQin vivo P
� DNA]�"èV8Ûk3� RNA]�"á�_�8�2z&ø"`ý�_�8Hñ��
��Î$�á�_�8�M�	&P°8HmsbA� ATP-binding transport�i�+�z
bgO�_�8�QRNA]�2 DNA]��RF\Fj"�VF8�P�áQS$Az¨
�_}��´��µ�d +<�Øg?e2�_ª~�_�8�P���M2{åEF8H

$��´P°8 DNA ]�èÆÛk39�Ìwz�þ[8S�i�+���i"��_Q
RNA7�qtgà�(I��>?EF&Lº� 8-oxoG"Üä[8-ri�gÙ��i�
Ú�LÛ�B"Í�8»�2ÂÃ_�8H 
 
� 4)  �i�+�]�"èV8ä3�z�g�i, 
ts12-7 MN ts12-30 �z�g�i,� prfA Ûk3"Qts4-7 � prfB Ûk3"�iM�:
EF&HprfA/B� polypeptide releasing factorzbgO�_�8HPrf�i�+�ä3�
;,�'�bOizx¼�_Q]¶�ð,ù@"°8�'[Oùz�ÇØg?�ç%ßE

ò8á�z[8ä3P°8Hop�:�&��z�g�i,�0�P�R�Î4�ëì[

8&yQ�ÇØg?�ç 8-oxoG zgxri�gbOiP�'[Oùz%ßEò8��H

F_QR�L"-Ú�LÛ�B�Ü�8�P°þ�2{å�_�8HmutT Ûk3�lw
Ì¤^×ØP���P�-Ú�LÛ�B��NF�á�8�2MNQri�gbOi"g

GF8 8-oxoG z³Ü"x¼�_�ó8åÝP°8�2�LóÃ��Hb�"´ß�&Õ

×���ÍßPp,PÍß�iz»��2� Prf �i�+�ä32bOi�³Ü�´3x

¼���zÝÞ[8»�2ÂÃ8H 
 
oo¾���ÀÁ 
 
z�g�i,zæç�"´ß�%�[8�2"�çQ#/;,<;� 8-oxoG�è£[8
Ûk3z¤�:[�2�P�&HRFNz´r�_�82Q1)  +<�[O�'g�"è
[8»�Q2) RNA7�qtgà�(I�"è[»�dDNA]�"è[8�i�+�ÌS
�i�+�zgx +<�Øg?zÞ{"wF_e3) ÒÓÒ�P�z�g�i,"�jE
F8H��k" 4) 2�_Q8-oxoG zgx mRNA �´%Ì^_2��&<N�P�z�
g�i,�ÂÃNF8�QGð´ß�%�"K�_���H�F"��FGP�´ß�ü

P�hª�"Qã��"	¬´�&yQ�&�´ß�&y�Ôz$B[8dã�°8HÒ

f�F"W��Q�ÇØg? RNA" 8-oxoG�1ç~GF_�ß8å$Ñ.�.�z·�

"�~[8ÔzÁ5�&H[�V½ 8-oxoG� RNA"1ç~GF82;,<',Tp8i
"ã;."�çQmutT Ûk3lw°8��¤^×ØP�Ñ."�8z�g�i,zq�

ÔP°8H&2ÃÐ§,� cDNAtpÊt�g�ñzlw�Ñ."�8»�zÍß�%�
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[FÐQmutT "èÆ[8Ûk3z¨©"¸�Y��áö8�2�:�82ÂÃ_��z

|y_�8H 
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