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� 1� �� 

1.1���	��� 
� õì� %�ËĶēü�%

�$��3ĪĮ�0� ��ŋ

"�"õì3¹�����0�

ª���õì$Ĥ�#%�

"õì3Ĥ��0�*$ŐŃ

�¯Ŏ��0�ñ���òU#

õ²�0õì$ĐÄ%Ċ

5x1030 7SBS ĠĂ+.1�


/��òU#õ²�0Yņ$

ĐÄ (6x109)  ßĲ��+ė�

"õì��ò#õ²���0� �þ.1��0 (Table 1-1, Kyrpides, 2009)��1.

õì%�òġÜ�$ìİ¬ô3¾���0���"��álóºĞ,��ô�Ã�ć#s

ö�1�ñ�$ô���#
��Łğ"����0����"�.�õì%��$õ

ì��/§µ�ù#+qr��ŋ"õì��0�*�ĉď�ùnő3Ē¶�0U��"

�ŏ3¼	���� 

� �$-�"�ŏ#���Woese.%�õì$nő3§µ�ù"Çä�%"��õì

�Ï$ rRNA4JQSC#-/õì3Įr�0Çä3�~�� (Woese and Fox, 1977)�

rRNA4JQSC%�õì�Ï$Öŀ (DNA, RNA) ��0 rRNAĽ]�3Ûù ��

õì�Ï$��ľo$ĺ�#-/ (wÖõì : 16S rRNAĽ]��ûÖõì : 18S rRNAĽ

]�)�õì3ĉď�ùĺ��.ĥÒ3ĝ�Çä��0�SSUĽ]�#���ĉď�ùn

ő%��òU�%ŕ�$ Domain (ûÖõì, ČĚ, yČĚ) ������0� � 1980¢

# Fox.#-���~�1� (Fox et al., 1980)�rRNA4JQSC$Ëx#-/��Œ3[

�� +õì3{��0� �zĖ "����$TÇ��õì3vŊ�0õì

%i_$ 1-3Ŕ#��"� Ħ21��0 (kyrpides, 2009)��1%�jõŇe�¯ğ"

õì,�œê,œ� ���Øňô��õ²���0õì+�����0�*�õó�

ùí®�Ðþ��0Æġ$õì3nŊ�0� ��ŋ��0 Ē	.10�ñ�#
�

�+�in situ cultivation3úÀ��Hallow-filer membrane chamberä, Functional single dell 

isolationäć$Æ�"�ŒÇä+�~�1��0� (Aoi et al., 2009; Ashida et al., 2010) �

IP59@OS�"�ň/��$Æġ$õì3nŊ�0� %�ŋ Ħ	0��$-�

"X�Ĵ¢�%��$õó�ùí®3nŊ�Œ3[��ÞW\>S;R=S3ö�0� 

��õì$<HL³�%ę�#�	���0 (Fig. 1-1, Pace, 2009)��.#�>R:OA

O?6HKD9@ĥÒ#-��Ê.�#�0JQ?69F+�	�ñ��%¢ņ 500 Ñā

Table 1-1. Estimating the magnitude of microbial diversity 

 
(Refer to Kyrpides, 2009) 
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¤$ĬÅ��~�1��0 (Fig. 1-2, Forde, 2013, Rinke et al., 1013)��$Çä#-/��

Œ3[��>R:OAO$i<HL3»Â�0-�#"/�\ĭčı�Á��0-�

#"������"�.�DNA, RNA3½m�0Çä�%��ŉ$ô�#
���`��

�!����!$-�#�g���0� ��� in situ#
�0õì$Ąņn ,§îć

$³�3»Â�0� ��ŋ��0� 

� ô�X#õ²���0õì3�Œ3

[��Ģģù#Ûùõì$)3×m�

0Çä �� FISHä��0�FISHä

%�1989¢# DeLong.#-��p*�

�~�1� (DeLong et al., 1989)�(��

1991 ¢#% Amann .#-��ô�õ

ì#���p*� FISH ä�Ļö�1� 

ô�õì3�Œ�0� "�w^đ�

õìõµ3»Â�0¸ä ��ñ�#


��+Łğ"ESO "���0  

(Amann et al., 1991; Amann and Fuchs, 

2008)����"�.�FISH ä%�«.

10Ĝh¦¤� rRNA}Ïł#c��0

�*�rRNA }Ïł��"�õì$×

m��ŋ��0� �þ.1��0 

(Amann et al., 1995)�í#�Øňô�,į

ÕŒô�X#õ²���0õì%·ń

ķ¤�ĸ��Ě_k$ rRNA}Ïł��

 
Fig. 1-1. Cumulative number of sequence. (A) Total sequence. (B) Number of bacteria rRNA 

sequence (C) Nubmer of Archaea rRNA sequence  (Refer to Pace, 2009) 

 
Fig. 1-2. Published genomes. (A) Published 

genome sequences for the three domains of life as 

of April 2012. (B) Distribution of completed and 

on-going genome projects amongst the three 

domains.               (Refer to Forde, 2013) 
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"� FISH ä#-0×m��ŋ��0�ñ��%�Ĝh¦¤� FISH ä-/+¦�œ´¤

FISH ä3ö���1.õì3×m���0�b	&�Pernthaler .%çæõì#��

�œ´¤ FISH ä3Ļ°� FISH ä ßĲ��Ċ 2 f$×mð3Ā���~+�0 

(Pernthaler et al., 2002)��$ĎÓ%�FISHä�%Ġě �1���õì��$ô�X#

%������� 3Ā����0�œ´¤ FISH ä��~�1��.Ċ 20 ¢�čĹ��

ZÉ#
��%�õì$ rRNA 3Ûù ��{�Çä ��Ļö�1��0���"�

õì$ÝĖ3Ê.�#�0� �zĖ"ÝĖĽ]�, mRNA 3Ģģù#×m�0ºĞ

 ��+Ļö�1��0����"�.��1(��~�1��0œ´¤ FISH ä%�Ĝ

hìİ ßĲ��Ċ 40 f$��3Ï�0Ŀċ3ö�0�*Čĕèĵ±3|U��0Č

ĕ�ló�¯ğ��/�Ûùõì#-/ÎĻu�¯ğ��0�(���$Čĕ�ló$

ÎĻ"Ĉ�%Ō¡#ï��Ě_$ëĚ,Čĕ�ló$tÓ�¥�õì$��+�~�1

��0� (Furukawa et al., 2006; Schippers et al., 2005; Kubota 2013)�ª���œ´¤ FISHä

$�ŏ��0JQSI$Čĕèĵ±3ĥã�0� %�Ģģù×mºĞ#
��Łğ"ō

ú��0�����Ñÿă�%�n�ł���Ŀċ3ö�"�Ľ]�×mºĞ��0

hybridization chain reaction (HCR) ä#ýú� (Dicks et al., 2004)�JQSI$Čĕèĵ±�

œ�œ´¤ FISH ä3Ņø�0� 3úù ���(��Ñ¸ä$ĻözĖ±3Ĩd�0

�*#�rRNA 3Ûù ��Ñ¸ä3įÕŒô�V#õ²�0õì3Ļö�����.

#�Ñ¸ä$Í"0œ´¤u3ĝ��ĉďĥÒ�%õì$ÝĖ3»Â�"�õì$

mRNA$Ģģù×m3ĩ)�� 

 

1.2
����� 
� ÑĬÅ%�Vħ$i 7ą�Ú·�1��0�Fig. 1-3#ÑĬÅÚ·$Ùğ�3Ā�� 

 
Ć 1ą £Ĭ 
Ñą�%�ÿăĔÌx'ÿăúù�ÑĬÅ$Ú·3ħĳ��� 

 
Ć 2ą È¨$ÿă 
Ć 2ą�%�FISHä�œ´¤ FISHä$È¨$ÿăx'īŏx'ÑĬÅ�aö�� HCR
ä$È¨$ÿă3ħĳ��� 
 
Ć 3ą õì$ rRNA3Ûù �� in situ DNA-HCRä$Ņøx'íń 
Ć 3ą�%�õì$ rRNA3Ûù �� in situ DNA-CHRä$Ņø3úÀ��Ñ¸ä
$Ĝh¦¤�JQSI$í÷±x'JQSI$ČĕĵĹ±3Ĩd��� 
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Ć 4ą rRNA3Ûù �� in situ DNA-HCRä#-0ô�õì$×m 
Ć 4ą�%�Ć 3ą�Ņø3ĝ�� in situ DNA-HCRä3ö��ô�õì (çæ±ČĚ�
�à±:NGMSOâåkx'�à±éuâåk$4S84) $×m3ĝ����.#�
in situ DNA-HCRä3ö��ô�õì$�ŁÔĘ3ĝ��� 

 
Ć 5ą õì$mRNA3Ûù �� in situ dual DNA-HCRä$Ņøx'íń 
Ć 5ą�%�õì$ÝĖ3Ê.�#�0� �zĖ"mRNA3Ûù �� in situ dual 
DNA-HCRä$Ņø3úÀ��Ñ¸ä$Ĝh¦¤�JQSI$í÷±3Ĩd��� 
 
Ć 6ą In situ dual DNA-HCRä#-0ô�õìX$mRNA$×m 
Ć 6ą�%�Ć 5ą�Ņø3ĝ��ºĞ3Ļö�0�*$Ûùõì$ļ�x'�$ºĞ
3ö��ô�õìX$Ûùõì$mRNA$×m3ĩ)�� 
 
Ć 7ą Đ¿ 
Ć 7ą�%�ÑĬÅ$Đ¿ ��«.1�þĠ3( *�Ñÿă�Ņø��¸ä$^đ�
�,Z©$�Ņ#���Ĭ��� 
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H 2G 5.
EO 

2.1 FISH9
C( 
� FISHš&�1989ă$DeLong4$3��±0�Ēƀŵ$ø��ǮƂ�7� (DeLong et al., 
1989)�żÙ$
�� in situ�� whole-cell Ő®�Æƶ �6 FISHš&�Ǣă%¯ñó

Ƈġš%�ǄƇ��ǵǆ#ġš!#���6 (Amann and Fuchs 2008)�DeLnog4%àÌ�

Ň�1ãÞpOoVU%ŐǏ2ſäL~iz%ǮĔ�Flow-cytometry)%ǮĔ�àÌ�7� 

(Amann et al., 1990; Amann et al., 1991)��4$�1991ă$& Amann4$3��ſäL~i

z��4Đ47� DNA Ęà�4CyK^F{CU[i|�h9�Ğ��łÝȎĒƀŵ$

ø�� FISHš9ǮĔ��àÌ��7� (Amann et al., 1991)��%àÌ$35�rRNA<i

|�U9Ƃ��łÝȎĒƀŵ91ǈǉƇ

$Ő®�6 Full cycle rRNA approach ��

�%«!#�� (Fig. 2-1, Hugenholtz et al., 
2002; Thiele et al., 2011)�Ǣă &�ŕƇĒ

ƀŵ%M~GzPzN@`pVFOǋň

%�0%ŶƅƇŐ® (Lasken, 2007) 2Ē

ƀŵ�ǔ9ĩõ�6�!�Æƶ#

MAR-FISH š  (Okabe, 2004) 2

Raman-FISH š  (Huang et al., 2007) 2

nano-SIMS9Ƃ�� FISHš (Orphan et al., 

2009; Kubota et al., 2013) �àÌ�7�


5�Ēƀŵ9 in situ�� whole-cell ǈǉ

Ƈ$Ő®�6�!%ǵǆĖ��1Ą�ǒ

Ǖ�7��6� 

 

2.2 FISH9
$Y 

2.2.1 M�-, 
� FISH š$
�6Ðȉ&����àÌ�7��6��%� 1�Ƅì#Ðȉ&�FISH

š Đ476ǁ¦ĈĆ%Ðȉ �6�FISHš%ǁ¦ĈĆ&�ƾ�ª% rRNAËľǶ$�ò

�6�!�ƍ47��6�ď���FISHš Đ476ǁ¦ĈĆ&��Ȁ�6 rRNA%İ�

û#�7'û#�+"���6�FISHš�Ēƀŵ$±0�ǮĔ�7� DeLong4%àÌ$


��1� $�%Ðȉ�ĝĕ�7��� (DeLong et al., 1989)�-��ƾ�ª% rRNAË

ľǶ&�Ēƀŵ%ĞǹǦĆ�ǻ����6�!�ƍ47��6 (Kemp et al., 1993; Wallner 

et al., 1993)�Kramer4& Vibrio spp.$ø� 15ķǺȍȏŷě$�6! in situ hybridization  

Đ476ǁ¦ĈĆ% 10-26%ƕĆ�� rRNA9�ĥ���#���!àÌ���6 (Karmer 

et al., 1992)��%�!&�ĞǹǦĆ�Ǫ�ſäĒƀŵ&�FISHš$36Ő®�ÔȂ �6

 
Fig.2-1 Flow scheme of the full-cycle rRNA 
approach. (Refer to Thiele et al., 2011) 
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�!9ƒ���6��%3�#Ēƀŵ&�ŨŦ�2ūŨą�Øç�2ŭŠ2Ú�Ŝ�ƞ%

ǘŌȎſä�$òÙ���6�!�ƍ47��6��%3�#Ēƀŵ9ǈǉƇ$Ő®�6

�0$�ȒĚĆ FISHš�àÌ�7��6 (2.3Àų)� 

 
2.2.2 ����
�W"? 
� FISHš�àÌ�7��Ň�ǯ�ñǋň�4Đ47�ǲ°Ęà91!$i|�hǐǎ9ǂ

��!�®Ň6 arb software�àÌ�7 (Ludwig et al., 2004)�ğ�&÷ĺ$łÝȎĒƀŵ9

ŕƇ!��i|�h9ǐǎ 63�$#���i|�h! rRNA !%�Ȁ¹ź&�Ĳ�

$i|�hǐǎ9ǂ�ǿ$ǵǆ �6�i|�h!ŕƇǱ�!%�Ȁ¹ź���áÈ�Ē

ƀŵ%Ő®��'�'ÔȂ$#6�!�àÌ�7��6�rRNA&�RNA! RNA%�Ȁ�

RNA!S~cFǙ%�Ȁ$36ȒŘœǧ9ľ��
5�i|�h%<FPO�ÔȂ#áÈ

��6 (Woese et al., 1990; Ban et al., 1999; Clemon et al., 1999)��%Ðȉ$ø���Fuchs

4& Escherichia coli9Ƃ�� 16S rRNA�23S rRNA)%�Ȁ¹ź$��� 200��%Cy

K^F{CU[i|�h (18-25 bp) 9Ƃ��ǋň9ǂ�� (Fuchs et al., 2001; Fuchs et al., 
1998)�ƫŉ�rRNA %� �Ƅǁ¦ĈĆ�Ĉ�áĠ9 100Ȕ!��áÈ�61Ȕ��%ǠĆ

9ľ���6%& 16S rRNA ��� 18Ȕ�23S rRNA$
��1 24% �����4$�

41Ȕ��%ǠĆ&�16S rRNA 39Ȕ�23S rRNA 59%$��#�����4$�16S rRNA

9ŕƇ!��i|�h ǠĆ�Đ47#���áĠ% 1/3&�rRNA�z�i9Ë/ 2Řœ

ǧǱ�9ľ���6áĠ ���!àÌ����6 (Fuchs et al., 1998)�-��cxlzq

<zYd[×õĻ$ĝĕ�7���i|�h!%Ĩǌź&�SDSƞ%Ĉ¶#éĖµ9¸	

6�! Ųǈ 6�!2�ŕƇ%ȒŘœǧ� 3Řœǧ351 2Řœǧ%ĳ��ȀȒź$

�	6ċȆ�ì�!��àÌ��7��6 (Behrens et al., 2003)��74%ƫŉ9¥$

Yilmaz 4&�1. i|�h%ȒŘœǧ�2. ŕƇǱ�%ȒŘœǧ�3. i|�h!ŕƇǱ�!

%a>hyVZ%ȕ��4#6sYz9Īŏ���%ȕ��4Đ476 ΔG0
overall9i|�

h!ŕƇǱ�!%ǊÏĖ!õƳ���%£�-13 kcal/mol��$#63�$i|�h9ǐǎ

�6�! �i|�h!ŕƇǱ�!%�Ȁ¹ź%Ðȉ9§Ŀ�� (Yilmaz et al., 2004)��

����%sYz$ď�i|�h9ǐǎ�6�! 16S rRNA %��7%áĠ�4�ƕĆ

1��&Ĉ�ǁ¦9Đ6�!$Ğ·���6 (Yilmaz et al., 2006)�Ǣă &��%ǊÏĖ

9 web � (http://mathfish.cee.wisc.edu/)  Ơ®�6 mathFISH 1àÌ1�7, ğ�&÷ĺ$

i|�h%ǮƂÆƶĖ$���Ǒ� 63�$#�� (Yilmaz et al., 2011)����#�

4�ãÞǲ°%Ðȉ�4ǊÏĖ%Ȓ�i|�h9ǐǎ�6�!�ÔȂ#áÈ2ÉĻ$ 2 �

��%i|�h9ǐǎ�6ǿ$&ǮƂ�ÔȂ#áÈ��6� 

� �74%i|�h%ǊÏĖ9Ê��76ĳš!���jzc�i|�h9Ƃ�6ĳš�

Īŏ�7��6 (Fuchs et al., 2000)��%ĳš&�ŕƇǱ�Ǣǡ$ø��jzc�i|�h

9ǐǎ��ǁ¦ŕǕi|�h!ÉĻ$�Ȁ��6�! ŕƇǱ�%�Řœǧ9jzc�i
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|�h ǋȁ���ǁ¦ŕ

Ǖi|�h%�Ȁ¹ź9Ê

���6��%��i|�

h%�Ȁ¹ź9Ê���6

ĳš!�� LNA2 PNA%

�ÿŎǴ9Ƃ��i|�h

� à Ì � 7 � � 6 

(Almeida et al., 2010; 

Cerqueira et al., 2010; 

Almeida et al., 2011; Kubota 

et al., 2006)�LNAÁ( PNA

%ŒƃÖ9 Fig. 2-2$ƒ��
LNA &�1998 ă$ Wengel

! Imanishi 4$3��±0

�àÌ�7� (Singh et al., 
1998)�LNA&�ym�Oſ

% 2’!ǴƦ% 4’%ŰƦ�r

U{~9���Ǩƫ���

6�!�4 3’-J~gB�

r�Mv~%ŷě |VF���6��7$35�CyK^F{CU[% 1ãÞ9 LNA$

Ʊī�6�� LNA-DNAa>hyVZ 1-8˚C�LNA-RNAa>hyVZ 2-10˚C% Tm

%�ĸ�Ƒǒ�7��6 (Albeak et al., 2006)�LNA9ħ¨��CyK^F{CU[i|�

h9Ƃ�6�! Fuchs 43��àÌ�7�ǁ¦ĈĆ���!�7���ŕƇǱ�$ø�

�ǮƂ��ƫŉ�ǁ¦ĈĆ9ȌǜƇ$åĂ���àÌ1�6 (Kubota et al., 2006)��%ƫ

ŉ&�DNA i|�h%ǐǎ9ŋǝ$��61%�!Ǎ	6��ĳ�PNA &bVFm�~

$kiU[9�Ƃ�6�! ȃśƇ#Ǘƽ9ĥ�#��ÿi|�h �6�-���%ƫ

È¶&�ãůĆ�%ĳ�Ĉ�#6 (Tomac et al., 1996)��%ĖǙ9Ƃ����ãůĆ� 

�Ȁ���ŕƇ RNA% 2Řœǧ%ƫŅ¶9����6�! �Ȁ¹ź%��ŕƇǱ�!%

�Ȁ9Æƶ$���6 (Lehtola et al., 2005; Perry-O’eefe et al., 2001; Almeida et al., 2010; 

Almeida et al., 2011)� 

 

2.3 Z2, FISH9
C( 
� FISHš&�ſäĒƀŵ9 in situ�� whole-cell ǈǉƇ$Ő®�6�!�®Ň6ġš 

�6����#�4�2.2.1 ƨ���3�$�FISHš&� rRNAËľǶ%Ēƀŵ%Ő®�

ÔȂ �6��:#��1997ă$ȒĚĆ FISHš!�� CARD-FISHš (1��& TSA-FISH

 
Fig. 2-2 Structures of DNA, PNA and LNA  

(Refer to Amann and Fuchs, 2008) 
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š!1Î'7��6) � Schönhuber 4 

(Schönhuber et al., 1997) ! Lebaron 

(Lebaron et al., 1997) 4$3��ÉĻ$

àÌ�7��CARD-FISH š&�HRP 9

ŕǕ���CyK^F{CU[i|�h

Á(ǁ¦ŕǕ�� tyramide 9Ƃ���

HRP%ǌïÂĔ$35ǁ¦ĈĆ9åĂ�

�6ġš �6�CARD-FISHš%Œǆ9

Fig. 2-3 $ƒ��i|�h$ŕǕ��
HRP&�ǫǴ¼ŜƦòÙ�$
��Ǵ¼

�Ƃ9ƒ�ŜǴ¼xNDz�ƀ�6��

%ŜǴ¼xNDz&�Uxp[¯ñ%Ŝ

ǴÞ (-OH) �4ŜƦ9Đ�ôõ�6�

ĳ�ŜƦ9î��Uxp[¯ñ�xND

z¼�6����xNDz¼��Uxp

[¯ñ�Ǣ¤%ƻȐĵ¯ñ!©ľƫÈ�

6��%ÂĔ& 3-10¯Ǻ!��ƎĻǺ 

+,Ʃ�� HRP %Ǣ¤$ëİ%Uxp

[�şƌ�6��%ÂĔ9ŧĖ¼�6�

0$&ǫǴ¼ƚƦ�ēǆ �6 (Veitch, 

2004)�Uxp[$&eCU~, NKEM

I]~!N]Z|g@]z#"%aiX

~%�$FITC, TRITC, Cy3, Cy5ƞ%ǁ¦

ŕǕ1Æƶ�6 (Hopman et al., 1998)�

CARD-FISH š�àÌ�7�ĉĻ% FISH

š!%ǁ¦ĈĆ%ǭ�&� Lebaron 

(Lebaron et al., 1997) 4%àÌ$36! TRITCŕǕi|�h! tyramide-FRITC! 7-12¢

%ǠĆ%å¸�Đ47�Schönhuber4%àÌ$36! FITCŕǕi|�h! tyramide-FITC

! 10-20¢%ǠĆ%å¸9Ƒǒ���6 (Schönhuber et al., 1997)�żÙ &�i|ZJ�

z%įÑ$35ǁ¦ŕǕ��Uxp[9Ƃ�6 CARD-FISH š&�ǁ¦ŕǕ��i|�h

9Ƃ�6 FISH š!Śǟ�� 26-41 ¢%ǁ¦ĈĆ9ǬĞ��àÌ1�6 (Hoshino et al., 

2008)��	'�Pernthaler4&ŨŦix~FZ~$ø�ȒĚĆ FISHš9ǮĔ�6�! Ő

®ź� FISH š Đ476Ő®ź!Śǟ��ȌǜƇ$Ê���!àÌ���6 (Pernthaler 

et al., 2002)��%ƫŉ&�%ſä�$&ë�%Ēƀŵ�òÙ�ÚŽ�$
�6ŵǙđſ$

ǻ����6$1��84��FISHš &�74Ēƀŵ9Ő®®Ň�Ǉƿ!�����!

 
Fig. 2-3 Principle of CARD -FISH. 
(Refer to Amann and Fuchs, 2008) 
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9ƒ���6� 

� -��ȒĚĆ FISHš&�� rRNAËľĒƀŵ% rRNA%Ő®%.$ǮƂ�76% &#

��Ēƀŵ%ŗƶ9Ĺ4�$�6�!� 6ŗƶǯ�ñ  (Kawakami et al., 2010; 

Kawakami et al., 2011; Morau et al., 2010; Zwirglmaier et al., 2003; Lenk et al., 2012, etc) 2�%

Ǟ¬ŵ �6 mRNA (Kubota et al., 2006; Pernthaler et al., 2004; Pernthaler et al., 2009; 

Bakermans and Madsen, 2002; Kofoed et al., 2012, etc) %Ő®9ǂ��àÌ1�7��6�ď

����ķ$
�� CARD-FISHš&�ȒĚĆ FISHš%� 1�ƄàÌİ�ë�Ŕ�#Ə

Ƙ Ƃ�47��6�ǄƇ#ȒĚĆ FISHš!�	6� 

 
2.4 /@=
 rRNA�8D���Z2, FISH9 

2.4.1 SI#0�A��Z2, FISH9 (TSA-FISH9, CARD-FISH9) 
� � rRNA ËľǶ%Ēƀŵ9ŕƇ!�� CARD-FISH š&��$ǘŌȎſä�$ƀė��

�6Ēƀŵ$ǮƂ�7��6��	'�ŨŦ (Pernthaler et al., 2002)�Ú�Ŝ (Wilhartiz et al., 

2007)�b>Cg=zq (Shiraishi et al., 2008)�ŭŠ (Jobard et al., 2010)�ūŨ (Schreiber et al., 
2010) ƞ �6��7&�CARD-FISHš Đ476ǁ¦ĈĆ��rRNAËľǶ$ƉĨǻ�

���� rRNA ËľǶ ���1Ĉ�ǁ¦ĈĆ9ǬĞ 6�4 �6��	'�ǘŌȎ

ſä� �6ŨŦ�$ƀė���6ŨŦix~FZ~$ CARD-FISH š9ǮƂ��6!+

,�*�%Ēƀŵ (85-100%) 9Ő®�6�!� 6��FISHš9ǮƂ��6! 19-66%

%Ő®ź$!"-6�!�ƍ47��6��%3�#ƫŉ&�ŪŜ�$Ēƀŵ2ūŨ%ß

Ɨŵ 1ÉŔ%ƫŉ�àÌ�7��6 (Herndl et al., 2005; Sekar et al., 2004)��ĳ �

CARD-FISHš%Ő®ź&�ŨŦ�$ƀė���6 ANAMMOXƧƾ2 Planctomycetes�ŧ
ĖŞţ�%Ēƀŵ2ðśĖGx]u�zŞţ�%rS~ƾƞ & FISH š%Ő®ź9�Ò

��!àÌ�7��6 (Woebken et al., 2007; Kubota et al., 2008; Pizzetti et al., 2011)��%ƫ

ŉ&�Ďǣ�6ȒĚĆ FISHš%Ðȉű �6 CARD-FISHš$Ƃ�6i|�h%ƧƵũǤ

Ė%��$ǛÓ���6!ƴ	476� 

� �%��CARD-FISH š$Ƃ�6Uxp[$&�ǁ¦ŕǕ%.#4��w?Ʀ2gVƦ
ƞ%a|I~9ŕǕ�6�!1Æƶ �5�nano-SIMS Á(gVƦ9ŕǕ��Uxp[9

Ƃ�6�! S/NŚ�Ľì 180¢$#5ȌǜƇ$Ê���!��àÌ1�6 (Behrens et al., 

2008)��4$�Uxp[$eCU~9ŕǕ��Ĥ¿Ĥ�ÂĔ$35oG_VZ9ǺĨƇ$

ƾ�$×ƌ���ĒƀŵÒÃ9ǂ�ĳš1àÌ�7��6 (Pernthaler et al., 2008)� 

 
2.4.2 ������������A��49 
     (DOPE-FISH9, Click chemistry����FISH9, ������������A� 
� � � � FISH9) 

� �ǣ�� CARD-FISH š�ê$Ēƀŵ% rRNA 9ŕƇ!��ȒĚĆ FISH š!��



Ɲ 2ƛ Ķč%ƍǇ 
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  
14 

DOPE-FISH š�click chemistry 9Ƃ�� FISH šÁ(ny^F{CU[i|�h9Ƃ��

FISHš�àÌ�7��6� 

� DOPE-FISH š&�CyK^F{CU[i|�h% 3’ŃƜÁ( 5’ŃƜ$ǁ¦ŕǕ9ǂ�

FISHš �6 (Stoecker et al., 2010)��%ĳš$35�ǥā% FISHš%ǁ¦ĈĆ351Ƥ

2¢%ǁ¦ĈĆ9Đ476!àÌ�7��6 (Stoecker et al., 2010; Radax et al., 2012)��7

- $ŨŦĖŨƮ»ŵª%ÅƧƾ2b>Cy<FS�ª%Ʒƚƾ$ǮƂ�7��6 

(Radax et al., 2012; Mcllroy et al., 2014)� 

� FyVFHpOZy�9Ƃ�� FISH š&�ǁ¦ŵǙ9FyVFHpOZy� ŕǕ�

��ĳš �6�FyVFHpOZy�&<zE~!<N[%ſŷ¼9ƒ�ÂĔ �6�

-��ãÞǱ$<zE~Á(<N[9ú¨�6�!�Æƶ �6�0�CyK^F{CU

[i|�h$Ľì 6¡%ǁ¦ŵǙ9ŕǕ�6�!�Æƶ �6!àÌ�7��6 (Gierlich 

et al., 2006)�ď���ǥā% FISHš%ǁ¦ĈĆ!Śǟ��¿ž�Ƥ 6¢%ǁ¦ĈĆ�Đ4

76!ƴ	476����#�4�Wagner%ƯǓ 1ƨ������żÙ$
��1Ɠ%

ƍ6ǽ5�%ġš9Ƃ��ſäL~iz$ǮƂ��àÌ&#� (Wagner and Haider 2011)� 

� ny^F{CU[i|�h9Ƃ�� FISHš&�ǹǷi|�h9Ƃ��ġš �6 (e.g., 

100 bp��)�ny^F{CU[i|�h&CyK^F{CU[i|�h (e.g., 18-25 bp) !

Śǟ��ǹǷ �5�ëİ%ǁ¦ŕǕ9ŕǕ�6�!�Æƶ �6�ď���ǥā% FISH

š%ǁ¦ĈĆ!Śǟ��Ƥ 26¢%ǁ¦ĈĆ�Đ47�!àÌ�7��6 (Trebesisus et al., 
1994)�����ny^F{CU[i|�h&ǹǷ �6�0i|�h%ƧƵũǤĖ%Ðȉ

2ŶƅĖ%Ðȉƞ�àÌ�7��6��74%Ðȉ$���& 2.7 Ďǣ��� 

 
2.5 /@=
 mRNA�8D���Z2, FISH9 

2.5.1 SI#0�A��Z2, FISH9  
     (TSA-FISH9, CARD-FISH9, Two-pass TSA-FISH9) 
� FISHš%ȒĚĆ¼$���Ǣă &Ēƀŵª% 16S rRNA�� #�Ēƀŵ%ŗƶ9ģ

Ĭ�6�!�Æƶ �6 mRNA 2ŗƶǯ�ñ9ŕƇ!��àÌ1�763�$#��

��mRNA2ŗƶǯ�ñ& 16S rRNA!Śǟ��ƧƵª%òÙİ�ȅā$û#��ǥā%

FISHš &Ő®�ÔȂ �6�ď���mRNA2ŗƶǯ�ñ%ǈǉƇŐ®&�ȒĚĆ FISH

š9Ƃ���6��7- $ǳƦÂĔ9Ƃ��ĳš!���ny^F{CU[i|�h9

Ƃ�� CARD-FISHš2CyK^F{CU[i|�h9Ƃ�� CARD-FISHš�CyK^F

{CU[i|�h9Ƃ�� TSAÂĔ9 2Òǂ� two-pass TSA-FISHš�àÌ�7��6�

mRNA9ŕƇ!��ny^F{CU[i|�h9Ƃ��CARD-FISHš&1998ă$Wagner

4$3��±0�àÌ�7� (Wagner et al., 1998)�Č4&�DIG9ŕǕ�� RNA9Ƃ�

�ny^F{CU[i|�hÁ( HRP9ŕǕ�� aniti-DIG9Ƃ�� mRNA%Ő®$Ğ·

���6 (Wagner et al., 1998)�Ǣă$
��1�RNA9Ƃ��ny^F{CU[i|�h
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$36 mRNA%Ő®&àÌ�7ƭ���6 (Pernthaler et al., 2004; Wendeberg et al., 2011; 

Constant et al., 2010; Pilhofer et al., 2009)����#�4�ny^F{CU[i|�h9Ƃ�

�ȒĚĆ FISH š%Ðȉű!�����ŶƅĖ%Ðȉ2i|�h%��ƧƵũǤĖ�àÌ

�7��6 (Ďǣ : 2.7)�ď����74%Ðȉ9§Ŀ�6�0$�ƎǷ%i|�h �6

CyK^F{CU[i|�h9Ƃ�� CARD-FISHš$36 mRNA%Ő®1àÌ�7��

6 (Bakermans and Madsen, 2002; ìâ4 2007; Mota et al., 2012)��4$�Ǣă &�TSA

ÂĔ9 2Òǂ� two-pass TSA-FISHš�àÌ�7�CARD-FISHš351Ȓ�ĚĆ mRNA

%Ő®$Ğ·���6 (Fig.2-4; Kubota et al., 2006)��%3�$ǳƦÂĔ9Ƃ��ĳš&�

ȒĚĆ FISHš%ǮƂ�ēȇ �6 mRNAŐ®$
��ǵǆ#W�z!#���6� 

 
2.5.2 SI#0�A��� mRNA7!3N  
     (Q)X&
M�=P�A�� FISH9, RING-FISH9) 

� ǳƦÂĔ9Ƃ�4� mRNA9ǈǉƇ$Ő®�6ĳš!��, ǹ�Ȅ¦ĻǺ9Ƒ��6�

!�®Ň6ǚêȈÜ%ǁ¦ŵǙ9Ƃ�� FISH š2i|�h%_VZ}�F9³Ƃ��Ȓ

ĚĆ FISHš�àÌ�7��6� 

� Celeman4&�GFPǯ�ñ9 E.coli$ħ¨��GFPǯ�ñ�4Ɔż�� mRNA$ø��

AlexaFluor647 9ŕǕ��CyK^F{CU[i|�h%. Ő®��!àÌ���6 

(Coleman et al., 2007)�Č4&ǚêȈÜ%ǁ¦ŵǙ9�Ƃ�6�! 60 Ɣ!��ǹ�Ȅ¦

ĻǺ ĭċ��1nNX=h#MG\z9Đ6�!$Ğ·���6�Wu 4&ƿùǁ¦Ȋ

 

Fig. 2-4 Principle of Two-pass TSA-FISH. (Modified Wagner and Haider, 2011) 
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ĒǸ!Śǟ��Ȓ� S/NŚ9ǬĞ�6�!�Æƶ# CLSMȊĒǸÁ(ǚêȈÜ%ǁ¦ŵǙ

9Ƃ�6�! Psuedomonas putida% tomǯ�ñ�4Ɔż�6mRNA%Ő®$Ğ·���

6 (Wu et al., 2008)� 

� Zwirglmaier 4&ny^F{CU[i|�h%_VZ}�F9³Ƃ��ȒĚĆ FISH š!

�� RING-FISHš9àÌ�� (Zwirglmaier et al., 2004)�RING-FISHš&�ȒůĆ% RNA

ny^F{CU[i|�h9Ēƀŵ$Ů����i|�hÉè _VZ}�F9ĊĞ��

6�! �ǁ¦ĚĆ9Ê���6ġš �6(Fig.2-5)�ny^F{CU[i|�h&�C

yK^F{CU[i|�h!&ƅ#5ǹǷ%i|�h �6�0ëİ%{n�SÞ9ŕǕ

��6�!�Æƶ �5 (ǥā�300-400 bpƕĆ%nyi|�h#4' 6-16¡%{n�S

Þ DIG9ŕǕ�6�!�Æƶ �6 (Yu et al., 1994) )�ëİ%ǁ¦ŵǙ9ŕǕ�6�!�

Æƶ �6 (Trebesius et al., 1994; Ludwig et al., 1994)��%ĳš&�ĉ±�mRNA%Ő® 

&#�ŗƶǯ�ñ%Ő®Ģǃ!��àÌ�7� (Zwirglmaier et al., 2004)�RING-FISHš$

36 mRNA%Ő®&�2011ă$ Dziallas4$3��àÌ�7� (Dziallas et al., 2011)�ƥƢ

ƾō�% mRNA9ŕƇ!�� RING-FISHš&�ȒůĆ% RNAnyi|�h9Ƃ��Ȓ�

OZyA~N@~M�ſä� (80% lzq<p[ůĆ)  6 ĻǺƕĆ%�ȀĻǺ ǂ��

�6����#�4�ǹǷ%i|�h9Ƃ�6�0ŶƅƇ#Ő®�ÔȂ �5�_VZ}

 
Fig. 2-5 Principle of RING-FISH. (Refer to Wagner and Haider, 2011) 
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�F9ĊĞ��63�#i|�h%ǐǎ�ìǶ%i|�hJOZ#"�Ðȉű!��Ħ�

476� 

 
2.6 FISH9�A��*T6L49 (DOPE-FISH9, CLASI-FISH9) 

� FISHš&�ſäĒƀŵ9ŶƅƇ��ǈǉƇ$Ő®�6�!�Æƶ �6�-��ǅİ%

i|�h9ÉĻ$Ƃ�6�! �in situ $
�6ĒƀŵƲ%ƙǺ¯Ā9Ĺ4�$�6�!

� 6��	'�ANME!ƐǴǰ¥ƾ%©ƀǻ� (Schreiber et al., 2010) 2ðśĖGx]

u�z�%Ƨƾ!ÅƧƾ%©ƀǻ� (Sekiguchi et al., 1999) ƞ�àÌ�7��6��%3�

$ëİ%Ēƀŵ9ÉĻ$Ő®�6�!&�in situ $
�6ĒƀŵǺ%ǻ�9Ĺ4�$�6

� ǵǆ �6�-��ŗƶǯ�ñ2 mRNA! rRNA9ÉĻ$Ő®�6�! �ŕƇĒƀ

ŵ%ƣƬ¯ȋ!ŗƶ9�Ć$ģĬ�6�!1Æƶ �6 (Pernthaler et al., 2002; Mota et al., 
2012; Kofoed et al., 2012, etc)��ƹƇ$ǮƂ�7��6%& 3ƖȋƕĆ%i|�h9Ƃ��

ëǵŊƺš �6��7&�Ő® 6g=zS�%İ$ǽ47��6�!2Ĉ�ǁ¦Ĉ

Ć$36F|OZ�F9ćǛ���0 �6����#�4�ǁ¦ŵǙ%ƪ.È8�$

35ëİ%Ēƀŵ9ÉĻ$Ő®�6ġš�����àÌ�7��-��DOPE-FISHš9Ƃ

��ĳš �6�DOPE-FISHš&�CyKi|�h%�Ɯ$ǁ¦ŵǙ9ŕǕ�6�0�ǁ

¦ƺ9ƪ.È8�6�!� 6��	'�i|�h%3’ŃƜ$AlexaFluor4889ŕǕ� (ǁ

¦ : ư)�5’ŃƜ$ AlexaFluor555 9ŕǕ (ǁ¦ : ǚ) �6�! ȓƺ$Ŋƺ��ƾ�Đ4

76��%3�$������%ǁ¦ŵǙ9ƪ.È8��ÉĻ$ 6 Ɩȋ%Ēƀŵ9Ő®�

6�!$Ğ·���6 (Behnam et al., 2012)�Ř$�28Ɩȋ9ÉĻ$Ő®�6�!�Æƶ#

CLASI-FISHš��6 (Valm et al., 2011)��7& 1�%ŕƇǱ�$ø�� 2Ɩȋ%ƅ#�

�ǁ¦ŵǙ9ŕǕ��i|�h9ÉĻ$�Ȁ��6�! �Ŕ�#ƺ9ƪ.È8�6�!

�Æƶ �6 (Fig. 2-6)����#�4��74%ĳš&ł�� rRNAËľǶĒƀŵ$ǮƂ

�7�
4��FISHš$36Ő®�ÔȂ#Ēƀŵ$&ǮƂ�ÔȂ �6!ƴ	476�-

��ȒĚĆ FISHš �6 CARD-FISHš$36ëǵ

Ŋƺ1����àÌ�7��6��Ő®�!$i|

�h$ŕǕ��HRP%ŧĖ9îŧ��6ēǆ��5�

ȅā$ĻǺ���5�ő�ŴȀ#6 (Pernthaler et al., 

2002)�-��CARD-FISH š%ǁ¦ĈĆ&�ȅā$

Ĉ��0ǁ¦�F|OZ�F�#�3�$ǐõ�6

ēǆ��5�2���%ëǵŊƺ&ÔȂ �6!ƴ	

476�ď���ȒĚĆ FISHš$36ëǵŊƺ&ŝ

ƂĖ�Ȓ�#�%�żŷ �6� 

 

Fig. 2-6 Principle of CLASI-FISH. 

(Refer to Valm et al, 2011) 
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2.7 Z2, FISH9
$Y< 

2.7.1 ����
>B1 
� ǅİ%ǁ¦ŕǕƞ9ŕǕ�6�!�Æƶ#ny^F{CU[i|�h9Ƃ�� FISH š

&�ǁ¦%ȒĚĆ¼$ľ¹#ġš �6����#�4�ny^F{CU[i|�h&C

yK^F{CU[i|�h!Śǟ���i|�h%ŶƅĖ����!�ƍ47��6�n

y^F{CU[i|�h$36Ő®%Ǖ²ƶ¶&�ŕƇǯ�ñ!%ǯ�ñƊÉĖ�78�85Ȕ

 �6!àÌ�7��6 (Ludwig et al., 1994)�-��ny^F{CU[i|�h9Ƃ�6

two-pass TSA-FISHš%Ǖ²ƶ¶&�85% �6!àÌ�7��6 (Kawakami et al., 2011)�

�4$�ny^F{CU[i|�h9Ƃ�� RING-FISHš%Ǖ²ƶ¶&�72-77%ƕĆ �

6!àÌ�7��6 (Pratscher et al., 2009)��%ŶƅĖ%��&�ny^F{CU[i|

�h%pOoVU��5% Tm é¼Ƕ�CyK^F{CU[i|�h!Śǟ�����!

$ǛÓ���6 (Stahl and Amann 1991)�-���%ŶƅĖ&�OZyA~N@~M�9Ĉ

��6�! Ê��6�!�àÌ�7��6���7$35ǁ¦ĈĆ�ǀ�����6�

!�ƍ47��6 (Zwirglmaer 2005; Ludwig et al., 1994)�������ny^F{CU[i

|�h9Ƃ�� FISHš&��ãÞpOoVU%Ǖ²�ēǆ# rRNA%Ő®$&�Ê �

6!ƴ	476� 

 
2.7.2 ����
JK;R1 
� ȒĚĆ FISH š&��$ǳƦ9Ƃ��ĳš!ny^F{CU[i|�h9Ƃ��ĳš�

àÌ�7��6�ǥā�ȒĚĆ FISH š$36ĒƀŵŐ®$&i|�h%ƧƵũǤĖ9Ê

���6ƧƵæž�ēȇ �6 (Trebesius et al., 1994; Amann and Fuchs. 2008; Kubota 

2013)��7&�ȒĚĆ FISH š$Ƃ�6i|�h�ƧƵª$ũǤ�$���!$ǛÓ��

�6�CARD-FISHš$Ƃ�6 HRP%¯ñǶ& 40 kDa!àÌ�7�
5�ǥā%ǁ¦ŵǙ 

(e.g., AlexaFluor488 : 643 Da; Cy3 : 766 Da) !Śǟ��Ƥ 40¢ì��!�ƍ47��6 

(Amann and Fuchs, 2008; Thiele et al., 2011)��7- $i|�h%ƧƵũǤĖ9Ê���6

ĳš!������%ĳš�àÌ�7��6�-��¸Ŝ¯ǋǳƦ9Ƃ��žĳš �

6�̧ Ŝ¯ǋǳƦ!��&�yRU�q, i|X>\�Q K, <F|skiUT�Qƞ�à

Ì�7��6 (Kubota 2013)��%��¼óÂĔ9Ƃ��ž!�� SDS 9Ƃ��žĳ

š�àÌ�7��6�Ǣă &�o>F|Ţ9Ƃ��žĳš1àÌ�7��6 (Tischer et 
al., 2012)��ǄƇ#ƧƵæžĳšÁ(ŕƇĒƀŵ9 Table 2-1$-!0�� 

� Table 2-1�ƒ�3�$�7- $ë�%ƧƵæžĳš�àÌ�7��61%%��*
�%Ēƀŵ$�Ŕ$¹ŉ9ƒ�žĳš&àÌ�7��#�%�żŷ �6�-��

Flavobacterium columnare2 Corynebacterium glutamicum&�Ŕ�#ƧƵæž9Ĵ��1
CARD-FSHš$36Ő®�ÔȂ ���!àÌ�7��6 (Furukawa et al., 2006)��4$�

ÝȎņ�$3��É�Ēƀŵ ���1ƧƵæ%¾��ƅ#6áÈ1àÌ�7�
5 
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(Nakamura et al., 2006)�ŕƇĒƀŵ�òÙ���6ſä�$3��ƧƵæ%¾��ƅ#6�

!�ƴ	476�ď���ğ�&öȑř$ĽǮ#ƧƵæž9ŐǏ�Ēƀŵ%Ő®9ǂ�

��6������%ĽǮ#ƧƵæž%ǮƂơÕ&Ÿ��7- %ĳš &Ő®�ÔȂ

#Ēƀŵ�òÙ���6�!�ƴ	476� 

 
2.7.3  %1 HRP:1
+: 
� CARD-FISHš$Ƃ�6 CARDÂĔ&�ǫǴ¼ŜƦòÙ� HRP$35xNDz¼��

Uxp[� HRP Ǣ¤%U|M~2ZyiZg;~ƞ%ƻȐĵ<p`Ǵ!ƫÈ�6ÂĔ 

�6�ď���ƾ�ª$ HRP%3�#¹ŉ9ľ�6ǳƦ�òÙ�6áÈ�i|�h%ľŲ

$ǻ�#�ǁ¦�Đ47��-��!�àÌ�7��6 (Pavlekvic et al., 2009)�ğ�&�

CARD-FISHš ŶƅƇ#Ő®9ǂ��0�CARD-FISHš9ǮƂ�6´$ªÙĖ HRPŧĖ

9îŧ��6ž9ǂ���6�ªÙĖHRPŧĖ%îŧ$&H2O29Ƃ��žĳš2HCl

9Ƃ��žĳš�àÌ�7��6�Ishii4&�ŨŦßƗŵ%ªÙĖ HRPŧĖ%îŧ��

6ĳš!�� 0.15% H2O2 in methanol�ľ¹ ���!àÌ���6�-��3% H2O29�

Ƃ�6�! ƾİ�Ŭû�6�!1àÌ���6 (Ishii et al., 2004)����#�4�ſä

Ēƀŵ$&Ĉ�ªÙĖ HRPŧĖ9ľ���6áÈ��6��	'�ANAMMOXƧƾ �

6�ANAMMOXƧƾª%ªÙĖ HRPŧĖ9îŧ��6$& 3% H2O2 (Woebken et al., 2007) 

1��& 30% H2O2 (Pavlekvic et al., 2009) �ēǆ ���!àÌ�7��6����#�4�

�%ªÙĖ HRP ŧĖ%îŧĳš$ǻ��1�*�%Ēƀŵ$¹ŉ9ƒ�žĳš&àÌ

�7�
4��ŕƇĒƀŵ$35ĽǮ¼�ēǆ �6� 

 

2.6 HCR9	V��'FDEO 

2.6.1 HCR9
>U 
� Hybridization chain reaction (HCR) š&�2004ă$�ńǷ DNA9Ő®�6ġš!��±

0�àÌ�7� (Dirks et al., 2004; Evanko, 2004)�HCRš&�ďŇ%ǯ�ñŐ®ĳš �6

PCRš%3�#ǯ�ñåĂĳš &#��HCRÂĔ%ŒƃÖ9 Fig. 2-7$ƒ����%Â
Ĕ&�2Ɩȋ%jtf~œǧ9ľ���6 DNAi|�h9Ƃ�6ġš �6�-��1ń

Ƿ%Ŷõ DNA (initiator) $�i|�h 1 (H1) ��Ȁ�6 (Fig. 2-7, 1)��%Ď��%ǿ$

�Ȁ���#� H1%½¯$i|�h 2 (H2) ��Ȁ�6 (Fig. 2-7, 2)��4$��Ȁ��

�#� H2%½¯$ H1��Ȁ�6��%3�$�2Ɩȋ%jtf~œǧ9ľ��i|�h

� initiator�4��$�Ȁ�6�! �ǹÂĔ9ƒ� (Fig. 2-7, 3)��%ÂĔ Đ47��

ǹƁŵ&�ȃśť»9Ƃ�6�! Ƒǒ�6�!� 6 (Fig. 2-8)�-���% HCRš

$36�ǹ&�Ŷõ DNAòÙ�%.ÂĔ�ǩǂ�6�!�àÌ�7��6 (Fig. 2-8)�Niu

4&�1ãÞpOoVUÁ( 3ãÞpOoVU% initiator9Ƃę� HCRš%ŶƅĖ9Ĺ4

�$�� (Niu et al., 2010)��%ƫŉ�ŕƇ DNA$ǮĔ�� HCRš%ǁ¦ĈĆ9 100%!
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���3 ãÞpOoVU & 10%%ǁ¦ĈĆ�Đ47��ãÞpOoVU & 20%%ǁ¦

ĈĆ�Đ47�!àÌ���6��%ƫŉ&�H1! H2�ŶƅƇ$�ǹ���6�!9ƒ

���6�-��Chekeris4%àÌ$36!�%ÂĔ&�1ĻǺƕĆ Ʃ��6!àÌ�7

��6 (Chemeris et al., 2008)��4$�Huang4& HCRš%ÂĔĻǺ�i|�hÉè%�

Ȁ¹ź��ǹÂĔ$ċȆ���6�0�10¯ǺƕĆ +!:"%ÂĔ�Ʃ��6!àÌ�

��6 (Huang et al., 2008)�Ǣă�HCRš&�ŎǴ2<iSo�ƞ%Ŕ�#ŵǙ%Ő®$

ǮƂ�7Ťƈ�7��6ġš �6� 

 

2.6.2 HCR9�A�� FSH9 

� HCR š9Ƃ�� FISH š&�2010 ă$ Choi 4$3��±0�àÌ�7� (Choi et al., 
2010)�Choi 4& RNA i|�h9Ƃ��Qhxg=VMuª% mRNA %Ő®9ǂ���

RNAi|�h9Ƃ�� HCR-FISHš%ŒǆÁ(i|ZJ�z9 Fig. 2-9$ƒ��Č4&�
Qhxg=VMu% mRNA9Ő®�6�0$�3ƟĠ9ŕƇ!�� 3Ɩȋ%J_FS�i

|�h9Ƃę���%J_FS�i|�h�4�ǹÂĔ9ƒ� H1Á( H29Ƃ�� mRNA

%Ő®9ǂ���6��%ĳš&�J_FS�i|�h%�Ȁ$ 16 ĻǺ�H1 Á( H2 %

�ǹ$ 16 ĻǺ!ǹĻǺ%�ȀĻǺÁ(�ǹĻǺ9Ƒ�� mRNA %Ő®$Ğ·���6�

�4$�Ǣă�Č4%Gz�i&ÉŔ%ĳš9Ƃ�� RNAi|�h9Ƃ��M|<yƸª

Ƨƾ%Ƨƾ$ø�� mRNA! rRNA%ÉĻŊƺ$Ğ·���6 (Rosenthal et al., 2013)��

��#�4�Ðȉű!�� DNA i|�h!Śǟ�� RNA i|�h&�Ȓ� �6�!�

Ȓ� S/NŚ9ǬĞ�6�!�ÔȂ �6�!����Į��ŴȀ �6�!�Ħ�476� 

 
Fig. 2-8. Detection of initiator using HCR. 

The initiator concentration shows in top of 

result of electrophoresis   
(Refer to Dirks et al., 2004) 

 
Fig. 2-7 Principle of HCR.  

(Refer to Evanko, 2004) 
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�� �ğ�%àÌ!ÉĻŀ$Č4%Gz�i&�ƋŎƀŵ% mRNA 9øǖ!�� DNA

i|�h9Ƃ�� HCR-FISHš9àÌ�� (Choi et al., 2014)�Č4&�RNAi|�h35

1 20ãÞǹ� H1Á( H29Ĳ�$ǐǎ��Qhxg=VMu% mRNA$Ğ·���6�

DNAi|�h9Ƃ��ĳš9 Fig. 2-10$ƒ��DNAi|�h9Ƃ��áÈ�Č4&J_

FS�i|�h%�Ɯ$>]MA�S�ǲ°9ƪ.È8��2 ƟĠ$�Ȁ��6�! Ȓ

ĚĆ#ǁ¦9Đ6�!$Ğ·���6�DNA i|�h&�RNA i|�h!Śǟ��Ȓ�

S/NŚ9ǬĞ���� RNAi|�h351Ȓ�ǁ¦ĚĆ9ƒ��!àÌ���6 (Choi et 

al., 2014)��%ĳš1J_FS�i|�h%�Ȁ$ 16ĻǺ�H1Á( H2%�ǹ$ 16ĻǺ

!ǹĻǺ%�ȀĻǺÁ(�ǹĻǺ9Ƒ�� mRNA%Ő®$Ğ·���6� 

 
 
 

 

 
 
 
 

      
Fig. 2-9 Principle of HCR-FISH using RNA-probes for detecting mRNA in zebrafish.     
(Refer to Choi et al., 2010) 
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D 3C ,>9� rRNA�5B	�� in situ DNA-HCR6�RA$:- 

3.1  ���
 
� FISHĳ%�÷ōņ$Èǀ4���ĪŖ÷ōņ$*4ƋƌŖ#ĥ��2�!°Ÿ �2

�,�ŌÍv$÷ōņ$ōþ.òň$ăČ#í�¡Ŏ����2 (Amann et al., 1995; 

Amann and Fuchs 2008)����"0�FISHĳ#%����$½ƽØÄ���2��$

r�Ɓ�ðî$½ƽ �2�FISHĳ%�ſ�$ rRNA4ĪŖ!���2āĳ �2�,�

FISH ĳ ö032Ɓ�ðîſ��$ rRNA ·ěƪ#�Ø�2�!Ś03��2 

(DeLong et al., 1989)�õ���ſ��$ rRNA·ěƪä"�÷ōņ%�FISHĳ#/2ĥ

�Àƹ"Ë´�2 (Pernthaler et al., 2002)�rRNA·ěƪä"�÷ōņ%�ƚĢǀŌ

Ít#ōü���2Ë´Ó��Ň#�ÃÐ.ĸĵv$÷ōņ%�rRNA ·ěƪä"�

�!Ś03��2 (Pernthaler et al., 2002)�ŊÄ��$/	"÷ōņ$ƋƌŖĥ�#%Ɓ

�ÎéĂƄ#ƩŭƐÖú4¡Ŏ�� CARD–FISHĳƤŎ�3��2 (Schonhuber et al., 

1997; Pernthaler et al., 2002)�CARD-FISHĳ%��3) #ÃÐ.ĸĵ�ĻĸŦ$ĩ�"ƚ

Ģǀt#ōü���2÷ōņ$ōþƏĕ#¡Ŏ�3��� (Pernthaler et al., 2002; Orcutt et 

al., 2005; Sekar et al., 2004)����"0�CARD-FISHĳ#-����$½ƽÊ¹�3

��2 (Kubota 2013)��$r�_nq^$ŮŷĹƠû$½ƽ �2�CARD-FISHĳ#

Ŏ�2_nq^%�ơè$ FISH_nq^#Ŏ�2Ɓ�ņƛ$�×ƪ!įƞ��ū 40�$

�×ƪ4ě�� HRPƩŭ4ĪƘ�2ùƈ�2�,�[jale7lR\TŦ$ÂÚ�Ħ

$* %�Ůŷ�#ĹƠ�#���!Ś03��2��3) #�ŮŷĹƠû4¶s�

�2�,#�kLOqe�_nQ9UqK K Ŧ$¥İ�ƏƩŭ4����ŋ. SDS 4�

��¨ÙŖ"�ŋ�c9AnĴ4���ņŋ�ŋÊ¹�3��2 (Kubota 2013)����

"0��(�$÷ōņ#rĩ$¦ġ4Ş��ŋĒĳ%Ê¹�3��0��ĪŖ÷ōņ#

/���ŋĒĳ4ĥƒ���2$Ŋň �2�õ���ŮŷÏ�ŋ$¦ġ4Ş�"�÷

ōņ%�CARD-FISHĳ#/2ĥ�Àƹ �2� 

� ĞŜŢ %�_nq^$ŮŷĹƠû$½ƽ4ƏĲ�2�,#�Ʃŭú4Ŏ�"�Ʀ�

×ÎéĂƄ �2 hybridization chain reaction (HCR) ĳ#řŗ� (Dirks et al., 2004)�_nq

^$ŮŷĹƠûǃ�ǃýî FISHĳ (in situ DNA-HCRĳ) $Ưŕ4ƃ���HCRĳ%�

IQeĨƢ¬'lq_ĨƢ4ě��{Š$_nq^rĞƬ DNA �0|�ƣ�#~Ʒ�

�Ʈú4Ş��!#/��rĞƬ DNA 4ĥ��2Ēĳ �2�)���$ú%��

ƮƜŃ �2rĞƬ DNA $ØÄt$*Ɯ�2�!Ê¹�3��2�HCR ĳ4 FISH ĳ

#úŎ��� in situ DNA-HCRĳ$ħœÁ4 Fig. 3-1#Ş��÷ōņ4ŇŔŖ#ĥ��2
�,#�)�ĪŖ~ƷƧ�#~Ʒ�2ÌÉƨ�!�ƮƜŃ#"2ÌÉƨ�$uŶ4Ć�9

VG<qMq_nq^4~ƷƧ�#~Ʒ��2��$ô�FISHĳ!µĩ$ğ� 9VG<

qMq_nq^$Ķķ4ƃ	�Ĭ#�Ɓ�ĪƘ��_nq^ 1 (H1) !_nq^ 2 (H2) 4

Ŏ��GBUl$Îé4ƃ	�H1 ¬' H2 %�rRNA #~Ʒ���ƮƜŃ4ě�29VG
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<qMq_nq^$*�0|�ƣ�#~Ʒ��Ʈú4Ş���$űġ�ƩŭƐÖú4

Ŏ�2�!"�Ɓ�ĪƘ��H1¬'H2ſ�� Œ)1ǃ�Ɓ�ýîö032�In situ 

DNA-HCRĳ$ŇƮ%��ƮƜŃ$ØÄt$* H1¬' H2#/2�ƮƜ�2�,�Ň

ŔŖ#XPSoqA4Ű+�!°Ÿ �2Ń �2�)��in situ DNA-HCRĳ#Ŏ�2

_nq^%ū 50 ÌÉşî �1�>kEWAm>OT_nq^ �2��3) #�RNA

_nq^4Ŏ�� in situ RNA-HCRĳ%�©Ĥōņ4àƙ#��Ê¹�3��2 (Choi et 

al., 2013)�©Ĥōņ4ĪŖ!�� DNA_nq^4Ŏ�� in situ DNA-HCRĳ$Ê¹%�3

��"���� �Ğţ %�©Ĥōņ4àƙ!�� in situ DNA-HCRĳ$_nSDl$

ĚƤ¨¬'Ğāĳ$Ɓ�ðî�ŇŔû¬'_nq^$ŮŷĹƠû$ăČ4ƃ��. 
 

3.2  (U16 
3.2.1. ���,>9�O' 

� gRl÷ōņ#%�Escherichia coli K-12ģ (ATCC700296) 4ƥÚ��)��X@Q8^

DpSnql!��fMpſ �2 Methanococcus vannielii (JCM13029) 4ƥÚ���_n

q^$ŮŷĹƠû4ƕ��2ƶ#Ŏ��gRl÷ōņ#% CARD-FISH ĳ4Ƥú�2ƶ�

ŮŷÏ�ŋ4ùƈ!�2 Methanosaeta concilii (JCM 10134)�Bacillus subtilis (DSM 10) 4ƥ

Ú���M. vannielii¬' M. concilii% JCMćÚ�2ÈÅ Èǀ��B. subtilis%�DSM

ćÚ�2ÈÅ Èǀ��E. coli % LB ÈÅ Èǀ���Èǀ��ſ�%àĐÎĮĜ#¾

®ô�4%[jale7lR\T 4˚C�12ėưÂÚ��EtOH! PBS (137 mM NaCl, 8.1 mM 

Na2HPO4, 2.68 mM KCl, 1.47 mM KH2PO4 [pH 7.4]) 4 1:1 ļ´���ŀĺv -20˚C �

Ø��� 

 
3.2.2. �����O' 
� FISHĳ�CARD-FISHĳ¬' in situ DNA-HCRĳ#Ŏ��_nq^4 Table 3-1#Ş��

     
Fig. 3-1 Summary of in situ DNA-HCR protocol and reaction. A : Detection of target site by 
initiator probe. B : Amplification step by H1 and H2. 
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In situ DNA-HCRĳ#Ŏ��9VG<qMq_nq^%�EUB338ƼÇ#~Ʒ�2ƨ�¬'

�ƮƜŃ$ƨ�$uŶ4ě��_nq^ �2�)���$ư#%I`qFq!�� 5 �

$7RVp4Ɣ����Ʈ#Ŏ�� H1¬' H2% Choi0ƔƑ�� H1¬' H24Žëď

Ż��Ŏ��. 

 

3.2.3. FJ%�= 
� B. subtilis4ĪŖ!�� in situ DNA-HCRĳ#%�_nq^$ŮŷĹƠû4¶s��2�

,#�kLOqe (1 mg/ml in 10 mM Tris-HCl, 1 mM EDTA) #/2ŮŷÏ�ŋ4 37˚C 

60�ưƃ�� (Furukawa et al., 2006)� 

 

3.2.4. FISH6 
� FISHĳ% Sekiguchi0$Ēĳ$Ŀą�� (Sekiguchi et al., 2001)�)��ÂÚFp_l4

�ƂŃ7@nqI §Æ� (Pernthaler et al., 2002)�10 š$Ij9T@jI (Matsuami�

Osaka�Japan) #c:pS���Ij9T%�60˚C zŅô�EtOHGkqJ (50, 80 and 96%) 

# 3�1�1�ưĹ��Źİ4ƃ���Ĭ#�Ěůłî 0.5 µM$ Cy3-��% Alexa5554

ĪƘ��_nq^4·+Y9^kN9KqGip (20 mM Tris-HCl, 0.9 M NaCl, X% 

formamide, 0.05% SDS) 4³š# 15 µlŁt��46˚C 2ėư�s~Ʒ�����$ô�I

j9T4 48˚C $Y9^kN9KqGipZP]6q#Ĺ��30 �ư$Ķķ4ƃ���Ě

ô#�MQ 1�ư�EtOH 1�ưĹ��ƿz���. 

 

3.2.5. CARD-FISH6 
� CARD-FISHĳ%�Kubota0$Ēĳ4ŽëÒę�ƃ�� (Kubota et al., 2008)�)��ÂÚ

Fp_l4�ƂŃ7@nqI §Æ� (Pernthaler et al., 2002)�10 š$Ij9T@jI 

(Matsuami, Osaka, Japan) #c:pS���Ij9T%�60˚C zŅô�EtOHGkqJ (50�

80 and 96%) # 3�1�1�ưĹ��Źİ4ƃ���zŅ���ô�Ěůłî 0.1 µM$ HRP

ĪƘ_nq^4·+Y9^kN9KqGip (20 mM Tris-HCl, 0.9 M NaCl, X% formamide, 
0.05% SDS, 10% dextran sulfate, 1% blocking regent) 4³š# 15 µlŁt��40˚C 2ėư�

s~Ʒ�����$ô�Ij9T4 42˚C$Y9^kN9KqGipZP]6q#Ĺ��15

�ư$Ķķ4ƃ���_nq^$Ķķô�TNT ZP]6q# 15 �ưĹ��ìƅ¨���

TSAú#����TSAú%�Cy34ĪƘ��OjdT4Ŏ��ƃ���OjdTú

ǁ%�1volme $ĪƘOjdT�37.5 volume$ amplification buffer (NEN life science)�12.5 

volume $ 40% dextran sulfate�0.5 volume$ 10% blocking regent4ļ´���³š# 10 µl

Łt��37˚C 10�ưú����TSAúô%�TNTZP]6q# 15�ưĹ��MQ

 1�ư¬' EtOH 1�ưĹ��Źİ¬'ƿz���� 

�  
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3.2.6. In situ DNA-HCR6 
� In situ DNA-HCRĳ#Ŏ�2Ŭũſģ%��ƂŃ7@nqI §Æ��10š$Ij9T@
jI (Matsunami, Osaka, Japan) #Âř����³Ij9T%60˚C zŅô�50�80�96 %
$EtOH#�3�33�1�1�#Ĺ��Źİ4ƃ����$ô�ùƈ �3&ŮŷÏ�ŋ4

ē��ô�TNTZP]6q#15�ư�MQ#1�ưĹ��Ěô#EtOH#1�ưĹ��Źİ�
zŅ����Y9^kN9KqGipZP]6q1 (20 mM Tris-HCl, 0.9 M NaCl, X% 

formamide, 0.01% SDS) #Ěůłî 0.5 µM #"2/	#9VG<qMq_nq^4ļ´

���³š# 15 µl Łt��46˚C 2ėư�s~Ʒ�����$ô�Ij9T%�48˚C$Y
9^kN9KqGipZP]6q (20 mM Tris-HCl, 0.9 M NaCl, X% formamide, 0.01% 

SDS) #30�Ĺ��Ķķ4ƃ����0#�:=PGhZP]6q (50 mM Na2HPO4, 0.9 M 

NaCl, 0.01% SDS) #Üľ 5�ưĶķ��Ij9Ts$ale7dT4Ƴª�����$

ô�7p_k]69CqGipZP]6q (50 mM Na2HPO4, 0.9 M NaCl, 0.01% SDS) #Ɓ

�ņƛ4ĪƘ��H1¬'H24Ěůłî 2.5 µM #"2/	#¥
�46˚C 2ėư~Ʒ���

GBUlÎé�����0#�:=PGhZP]6q (50 mM Na2HPO4, 0.9 M NaCl, 0.01% 

SDS) #4˚C 30�Ĺ�Ķķ4ƃ��MQ 1�ư�EtOH 1�ưĹ��ƿz���� 
 

3.2.7. T,PL)��K�+*�E� 
� FISH ĳ�CARD-FISH ĳ¬' in situ DNA-HCR ĳ#Ŏ��Fp_l%�ƇżƱĭ£ 

(ProLong Gold Antifade Reagent with DAPI, Invitrogen)  á�ô�ƾ÷ƭƎß#����ƾ÷

ƭ#%�ƀâƁ�ƾ÷ƭ BX-50 (OLYMPUS), Nikon ECLIPSE 50i (Nikon) 4Ŏ���Ř$č

ó#% CCD?fj DP70 (OLYMPUS), AxioCam HRm (Zeizz) 4Ŏ���³āĳ$Ɓ�ðî

%�1000 cells �s$÷ōņ4Ŏ�� daime software (Daims et al., 2006) #/1ŧ���� 

 

3.2.8. 8 &
�� in situ DNA-HCR6
?��������S!<�E� 
� ĞŜŢ %�HCRú#��2_nq^$ƍ»û4ŝƖ�2�,#�Yilmaz0ċ¼�

��2�G0
overall4«ŵ#� (Yilmaz and Noguera 2004)�ĞŜŢ#Ŏ��_nq^$�Goverall

4ŧ����ĞŜŢ Ŏ��ŧ�Ēĳ%��ƫ#ƓƟ��� 

 

3.3  (UG4$I) 
3.3.1 In situ DNA-HCR6�������2N" 
� ñ��ĞŜŢ%�9VG<qMq_nq^4Ŏ�"�in situ DNA-HCRĳ$Ưŕ#řā�

�������"0�in vitro %�Ʈú4Ş�-$$�in situ %�Ʈú4Ş���

Ɓ�$ÎéŝƖ �"�����5"v�Choi0%�9VG<qMq_nq^¬'H1¬
'H24Ŏ��ŘĤōņ$mRNA4ĥ���Ê¹4�� (Choi et al., 2010)��� �ĞŜŢ

#���-9VG<qMq_nq^4Ŏ��in situ DNA-HCRĳ$Ưŕ#řā���Choi0
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$_nSDl %�RNA_nq^4Ŏ���9VG<qMq_nq^450%ale7dT�

55˚Ǆ 16ėư~Ʒ���H1¬'H2#/2�Ʈ440%ale7dT�45˚C 16ėư�Ʈú

������H1¬'H2$~Ʒğ�%9VG<qMq_nq^/1-ISk<pH;pGq

��ŌÍt ƃ���2�ŌÍ÷ōņ#�$ğ�4ĊŎ��Ë´�9VG<qMq_

nq^$~Ʒğ�#Ʋőō��ĥ� �2÷ōņƲÚ�3��)	$ %"��!ŵ


��Ûƶ�Choi0$_nSDl!µşî$ISk<pH;pGqğ�t H1¬'H2#/

2�Ʈ4ƃ��Ɓ�÷ï ����Ɓ�÷ï#"��ƈ¿!���9VG<qMq

_nq^/1-ǃ�ISk<pH;pGqğ�t H1¬'H2#/2�Ʈ4ƃ	!�~Ʒ�

�9VG<qMq_nq^yƸ��H1¬'H2$�Ʈſ�� Ɯ�0"���°Ÿû
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Fig. 3-2 Gibbs free energy change for each temperature and each condition of amplifier probes 



ť 3ţ ÷ōņ$ rRNA4ĪŖ!�� in situ DNA-HCRĳ$Ưŕ¬'Ňø 
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  
40 

�.��ŌÍt#"2�!ĕ0�!"����� �H1¬'H2$�Ʈľî%�9VG<

qMq_nq^ƏƸ�"�ğ�!��9VG<qMq_nq^$~Ʒğ� �246˚C4

Ŏ��ƃ���H1¬'H2#/2GBUlÎéėư%�2ėư�sú���-Ɓ�ðî#

çƉ03"����,�ĪŖ÷ōņ#�Ø��2ėư!rÚğ�!����0#��Ʈ�

�H1¬'H24ŲĆ��2�,#�Ěô$Ķķ%�ľîğ�t ƃ���9VG<qMq_

nq^¬'H1�H24~Ʒ��2ZP]6q%FISHĳ#Ŏ�032ZP]6q4«ŵ#��

uZP]6q�#SDS4Ľ¥�� (Behrens et al., 2003)�9VG<qMq_nq^$łî%�

FISHĳ#Ŏ�2łî!µşî!��H1¬'H2$łî%ĚƤ¨4ƃ��űġ�2.5 pmol/µl
 ǃ�Ɓ�ðî4Ş���,�H1¬'H2$ůłî42.5 pmol/µl!���Choi0$_nSD

l %�ƃş 36ėưşîùƈ �2�Ā�Ưŕ��in situ DNA-HCRĳ$ƃşėư%�

ĪŖ÷ōņ.àƙFp_l#/��Ŕ"2�ū6ėưşî �1��Ħėư4Ôé#śŴ

�2�!#ÿ¤�� � 
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Fig. 3-3 Photomicrographs of an artificial mixture 
of E. coli and M. vannielii. (A) In situ DNA-HCR, 
(B) FISH. Detection of E. coli using Cy3-labeled 
H1 and H2 (A) or Cy3-labeled EUB338 probe (B). 
Each double panel depicts DAPI staining (left) and 
epifluorescence (right) showing identical fields. 
Exposure times of both method are 100 ms. 
Yellow arrows indicate E. coli cells�and white 
arrows indicate M. vannielii cells. The bar 
represents 10 µm. 
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Fig. 3-4 Dissociation curves of the EUB338, CF319a, and Gam42a probes without and with 
the initiatorH sequence. A: the EUB338 and EUB338-initiatorH probes labeled with 
AlexaFluor555. B: the CF319a and CF319a-initiatorH probes labeled with Atto550. C: the 
Gam42a and Gam42a-initiatorH probes labeled with Atto 550. Relative intensity indicates the 
brightness of the probe at respective formamide concentration relative to the fluorescent 
intensity of the probe at 0% formamide. 
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3.3.3 In situ DNA-HCR6�FJ7M. 
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03�in situ 

                 
Fig. 3-5 Detection of E. coli cells by in situ DNA-HCR (A–E) or FISH (F-J) at 20% formamide 
in hybridization buffer. Each double panel depicts DAPI staining (left) and probe staining (right). 
A: EUB338-initiatorH probe and Cy3-labeled amplifier probes, B: EUB338-1MM-initiatorH 
probe and Cy3-labeled amplifier probes, C: EUB338-1MM- initiatorH probe + a competitor 
probe (unlabeled EUB338) and Cy3-labeled amplifier probes, D: EUB338-2MM-initiatorH probe 
and Cy3-labeled amplifier probes, E: EUB338-3MM- initiatorH probe and Cy3-labeled amplifier 
probes, F: Cy3-labeled EUB338, G: Cy3-labeled EUB338-IV (single mismatch), H: Cy3-labeled 
EUB338-IV + a competitor probe (unlabeled EUB338), I: Cy3-labeled EUB338-III (two 
mismatches), J: Cy3-labeled EUB338-II (three mismatches). The exposure times for in situ 
DNA-HCR and standard FISH were 33 ms and 100 ms, respectively. The bar represents 10 µm. 
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Fig. 3-7 Detection of Bacillus subtilis by in situ 
DNA-HCR using EUB338-initiatorH and 
AlexaFluor488 labeled amplifier probes without 
permeabilization (A), with lysozyme treatment 
(B). Each double panel depicts DAPI staining 
(left) and probe staining (right). Exposure times 
were 20 ms. The bar represents 20 µm. 

 
Fig. 3-6 Detection of axenic M. concilii cells 
(A-C) by FISH (A), CARD-FISH (B), and in situ 
DNA-HCR (C), without cell wall disruption. Each 
double panel depicts DAPI staining (left) and probe 
staining (right). Exposure times were adjusted for 
each method. Bars represent 20 µm. 
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6 45 rRNA�,4��� In situ DNA-HCR-��2�$3.�+� 
4.1  	��� 
� FISHĉ#�Ħ²r!ħÜ���1ÖħĠ4ġīĭ��Ţţĭ!ü��1����1¥

n"àĉ��1 (Amann et al., 1995; Amann and Fuchs 2008)��2(�!�FISHĉ#ºĆÛ

>fSdmh"ĻƁ�Ë"ťì-ÿ� Ħ²p!
�1āĭÖħĠ"¼è"ťì!}Ĩ

�2��1 (Sekiguchi et al., 1999)���� �/�rRNA4āĭ��� FISH�Õ/21ř

�ÐÏ#�ŕ{�!¼���1 rRNAè!�¼�1���ı/2��1 (DeLong et al., 

1989)�Ô���ĐČ-¬µĿ�ŭûƎĦ²p!ħÜ� rRNA¼è�Æ �ÖħĠ#�FISH

ĉ�#ü��ªƈ ± ��1 (Amann and Fuchs, 2008)��".� ŏï"r�ŻŃ�Ú

4Ĩ��ř�ÐÏ4³Í��1ƐÝÏ FISH ĉ��� CARD-FISH ĉ�°¤�2� 

(Schönhuberet al., 1997)�CARD-FISHĉ"ř�ÐÏ#�FISHĉ�ąŰ�� 26-41�ķÏ�

�0�FISH ĉ�#Ţţĭ ü��ªƈ Ħ²ÖħĠ"ü�4�ő!�� (Hoshino et al., 

2008; Pernthaler et al., 2002)�CARD-FISHĉ!.1ÖħĠ"ü�#��»Ž�ř�ĠŮ.0

,·�ŻŃ (e.g. AlexaFluor488 : 643 Da, horseradish peroxidase : 40 kDa) 4ńŐ�!đŲ

��1ÙŠ��1 (Thiele et al., 2011; Amann and Fuchs 2008)�ńŐđŲÛ4¢o��1ńŐ

´�ĥêĉ#��2(�!gILma-\jN8RmH K Ŀ"�ć�ťŻŃ4Ĩ���½

ĭ �ĥêĉ-�ňŚťĿ"Ġĥĭ �ĥêĉ�°¤�2��1 (Kubota 2013)���� 

�/�ńŐ´�ĥ"�ø#āĭÖħĠ!.0ī 1���ı/2�
0�āĭÖħĠ!.

0ńŐ´�ĥ4ñŷ�� �2$ / ��(��Ħ²ÖħĠ"r!#nœĭ ńŐ´�

ĥêĉ�#�ø4ĵ� �ÖħĠ,¼���1 (Kubota et al., 2008)�ġ!�bJlŕ"

ġ×ĭ ńŐ´þŴ��1 S-i8cm�CmE�CdmQai8l-bJUAlQj8L

l#�ÖħĠĸ!.��ī 1���ı/2�
0�ńŐ´�ĥ"ñŷ��ªƈ��1 

(Kubota et al., 2008)��2(�!����"éš"ńŐ´�ĥêĉ�°¤�2��1� 

(Kubota 2013)��'�"ÖħĠ!�ø4ĵ��ĥêĉ�°¤�2�� �"�ĤĢ��1�

Ô���ńŐ´�ĥ"�ø�óÒ� �ÖħĠ#�Ôõ"ƐÝÏ FISH ĉ�#ü��ª

ƈ��1�ō	/21��".� ŏï"r�ľŎ#Ôõ"ƐÝÏ FISH ĉ.0,ńŐđ

ŲÛ�Ɛ�ƐÝÏ FISHĉ"ƀĬ4Įã��in situ DNA-HCRĉ"ƀĬ4ś�� (Ľ 3ļ�

ĝ)�ôļ�#�ľŎ�ƀĬ��éš"ƐÝÏ FISHĉ��1 in situ DNA-HCRĉ4Ħ²Ö

ħĠ!ŷĨ���Ħ²ÖħĠ!Ã�1ŷĨ�őÛ!���ũ�4ś��ňø4ĵ��āĭ

ÖħĠ#�wŞĭ ŭûƎĦ²p��1ĐČr!ħÜ���1ńŕ�(�ńŐ´�ĥ"ñ

ŷ��ªƈ��1bJlŕ�¶�¼���1ºĆÛĈċ�%ºĆÛĒ�Ĉċ�"�ńŕ

����In situ DNA-HCRĉ"Ħ²ÖħĠ&"ŷĨ�őÛ#�FISHĉ�CARD-FISHĉ�in 

situ DNA-HCR ĉ!.1āĭÖħĠ"ü�ģ"ąŰ4ś�ũ�����/!�in situ 

DNA-HCR ĉ!.1¶żúŔêĉ4ºĆÛĒ�Ĉċ�"ńŕ��ńŕ�Methanosaetaceae

Ķ"bJlħß�ńŕ!ŷĨ���in situ DNA-HCRĉ!.1¶żúŔ"ŷĨ�őÛ!��
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�,Ĵū��� 

 
4.2   C'- 
4.2.1. ���$3.�?��
>% 

� ôļ�āĭ���Ħ²ÖħĠ#�ĐČr!ħÜ���1ńŕ�%ºĆÛĈċ�%ºĆÛ

Ē�Ĉċ�!ħÜ���1�ńŕ����ĐČBl\h#�éĚįùÉÊ"ƂĊ¯ (�Ŋ

37 Ï 32 ��öŇ 138 Ï 40 �) �/å����å���Bl\h#�ñŅěÏ 2%Xf^

ha6hOYQ� 4˚C�12 îƁ"«¾4ś���«¾��Bl\h#�bl[ilZ7h

Jm (pore size :3µm) 4Ĩ��Ĳ�Ŀ4Ƅ���bl[ilZ7hJm (pore size : 0.2 µm) 

4Ĩ��ĐČr!ħÜ���1ńŕ4ƅŕ��Ó�-20˚C��¼���ºĆÛĈċ#�ſÈ

r¸ď�GlJm!ŧŋ���1 upflow anaerobic sludge blanket (UASB) �/å����(

��ºĆÛĒ�Ĉċ#�ſÈr¸ď�GlJm!ŧŋ���1rĕĒ�Ā�/å����

å���Bl\h#�ŶØ�Ƈ§4Ĩ��ƅŕ��Ó�4% Xf^ha6hOYQ� 4˚C�

12îƁ"«¾4ś��Ó�EtOH� PBS (137 mM NaCl, 8.1 mM Na2HPO4, 2.68 mM KCl, 1.47 

mM KH2PO4 [pH 7.4]) 4 1:1�Ĕ ���ėēr�-20˚C��¼��. 

 

4.2.2. �����?� 
� ôļ�Ĩ��\jm[4 Table 4-1!ĵ��In situ DNA-HCRĉ"¶żúŔ!Ĩ��\j

m[#�ńŕ4āĭ��� EUB338-initiatorH��ńŕ4āĭ��� ARC915-initiatorC�%

Methsanosaetaceae Ķ"bJlŕ4āĭ��� MX825-initiatorR ��1�(���8SC:

mJm\jm[�/yſ�Ú4ĵ�yſ\jm[��� H1, H2�% C1, C2�% R1, R24

}Ĩ��� 

 
4.2.3. 8;��1 
� \jm["ńŐđŲÛ4¢o��1�+!�ĐČBl\h!#gILma (1 mg/ml in 10 

mM Tris-HCl, 1 mM EDTA) !.1ńŐ´�ĥ4 37˚C� 30�Ɓś����"Ó�TNT W

MZ5m (100 mM Tris-HCl, 150 mM NaCl, 0.05% Tween 20) ! 15�Ɓ�MQ! 1�Ɓđ��

ñÓ! EtOH! 1�Ɓđ��Œć�sğ���� 

 
4.2.4. FISH- 
� FISHĉ# Sekiguchi/"êĉ"Ėâ�� (Sekiguchi et al., 2001)�(��«¾Bl\h4

zŚĜ6<jmE��®�� (Pernthaler et al., 2002)�6<jmE��®��Bl\h#�

60˚C�sğÓ�EtOHCgmF (50�80�96%) ! 3�1�1�Ɓđ��Œć4ś���Ă!�

ñŅěÏ 0.5 µM "ř�ĠŮ4āŬ��\jm[4£*V8[gK8HmCel (20 mM 

Tris-HCl, 0.9 M NaCl, X% formamide, 0.05% SDS) 4�Ĺ! 15 µlęp��46˚C� 2îƁxo
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tƆ�����"Ó�Ef8Q4 48˚C "V8[gK8HmCelWMZ5m!đ��30

�Ɓ"čď4ś���ñÓ!�MQ� 1�Ɓ�EtOH� 1�Ɓđ��ƍs����Z7hJ

mo!
�1 FISHĉ#�«¾Bl\h4ƅŕ���1Z7hJm4 8�" 1!;MP��

oű��àƊ�ś��� 

 
4.2.5. CARD-FISH- 
� CARD-FISHĉ#�Kubota/"êĉ!Ėâ�� (Kubota et al., 2008)�(��«¾Bl\h

4zŚĜ6<jmE��®�� (Pernthaler et al., 2002)�6<jmE��®��Bl\h#�

60˚C�sğÓ�EtOHCgmF (50�80�96%) ! 3�1�1�Ɓđ��Œć4ś���ńŐ

´�ĥ4ś��Ó�ñŅěÏ 0.1 µM" HRPāŬ\jm[4£*V8[gK8HmCel 

(20 mM Tris-HCl, 0.9 M NaCl, X% formamide, 0.05% SDS, 10% dextran sulfate, 1% blocking 

regent) 4�Ĺ! 15 µl ęp��40˚C � 2 îƁxotƆ�����"Ó�Ef8Q4 42˚C

"V8[gK8HmCelWMZ5m!đ��15�Ɓ"čď4ś���\jm["čďÓ�

TNTWMZ5m! 15�Ɓđ��Îŝ����TSA�Ú!~���TSA�Ú#�Cy34ā

Ŭ��Lf`Q4Ĩ��ś���Lf`Q�Úē#�1volme "āŬLf`Q�37.5 volume

"6l\gZ58?mCelWMZ5m (NEN life science)�12.5 volume " 40% dextran 

sulfate�0.5 volume" 10% blocking regent4Ĕ ����Ĺ! 10 µlęp��37˚C� 10�Ɓ

�Ú����TSA�ÚÓ#�TNTWMZ5m! 15�Ɓđ��MQ� 1�Ɓ�% EtOH� 1

�Ɓđ��Œć�%ƍs����Z7hJmo!
�1 CARD-FISH ĉ#�«¾Bl\h

4ƅŕ���1Z7hJm4 8�" 1!;MP��oű��àƊ�ś���  

 
4.2.6. In situ DNA-HCR- 

� «¾Bl\h#�zŚĜ6<jmE4Ĩ���®�� (Pernthaler et al., 2002)�zŚĜ6

<jmE��®��Bl\h#�60˚C�sğÓ�50�80�96 %" EtOH!�2�2 3�1�

1�!đ��Œć4ś���V8[gK8HmCelWMZ5m1 (20 mM Tris-HCl, 0.9 M 

NaCl, X% formamide, 0.01% SDS) !ñŅěÏ 0.5 µM ! 1.�! initiator\jm[4Ĕ

 ����Ĺ! 15 µl ęp��46˚C� 2îƁxotƆ�����"Ó�Ef8Q#�48˚C

"V8[gK8HmCelWMZ5m (20 mM Tris-HCl, 0.9 M NaCl, X% formamide, 0.01% 

SDS) ! 30�đ��čď4ś����/!�čďWMZ5m (50 mM Na2HPO4, 0.9 M NaCl, 

0.01% SDS) !Àĕ� 5�Ɓčď��Ef8Qo"^ha6`Q4Ƅ������"Ó�6

l\gZ58?mCelWMZ5m (50 mM Na2HPO4, 0.9 M NaCl, 0.01% SDS) !ř�ĠŮ

4āŬ�� H1�% H24ñŅěÏ 2.5 µM ! 1.�!�	�46˚C� 2îƁtƆ���

C>Rh³Í�����/!�čďWMZ5m (50 mM Na2HPO4, 0.9 M NaCl, 0.01% SDS) !

4˚C� 30�đ�čď4ś��MQ� 1�Ɓ�EtOH� 1�Ɓđ��ƍs����Z7hJ

mo!
�1 in situ DNA-HCRĉ#�«¾Bl\h4ƅŕ���1Z7hJm4 8�" 1
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!;MP��oű��àƊ�ś��. 

 
4.2.7. B$A=!�
+�0�7� 
� FISH ĉ�CARD-FISH ĉ�% in situ DNA-HCR ĉ!Ĩ��Bl\h#�şŔƂă� 

(ProLong Gold Antifade Reagent with DAPI�Invitrogen) �Ä�Ó�ƌÖžŤÂ!~���ƌ

Öž!#�ŖÅř�ƌÖž BX-50 (OLYMPUS) ,��# Axio Imager.M2, Carl Zeiss 

(Oberkochen�Germany) 4Ĩ���İ"æÑ!# CCD;bf DP70 (OLYMPUS�Japan) ,

��# AxioCam HRm, Carl Zeiss (Oberkochen�Germany) 4Ĩ����àĉ!.1ü
�ģ#�DAPIř�4�ŕ�¾Ō��\jm[�/Õ/21ř�4āĭÖħĠ�¾Ō���

ŕè�/āĭÖħĠè4Ƅ��ŀ�4ś����'�"¿Ə# 2 ¨ś���Łŉ½ĭ ą

Ű#�tü¾ (� = 0.05) 4Ĩ��ś��� 

 
4.3   C9)�
:! 

4.3.1 In situ DNA-HCR-��2�$3.�+� 
� āĭÖħĠ#�ŭûƎĦ²p��0z rRNA £òŽ��1ĐČr!ħÜ���1ńŕ 

(Pernthaler et al., 2002) �%ñŷ ńŐ´�ĥ"Ÿ¾�ªƈ��1bJlħß�ńŕ�¶è

¼���1ºĆÛĈċr"�ńŕ (Kubota et al., 2008) ����FISHĉ�CARD-FISHĉ

�% in situ DNA-HCRĉ�Õ/2�ĐČr!ħÜ���1ńŕ"ü�ģ�%ºĆÛĈċ�

"�ńŕ"ü�ģ4 Table 4-2!�(��
ńŐ´�ĥ4ë���àĉ!.1ĐČr

!ħÜ���1ńŕ4ü���ňø4Fig. 
4-1!ĵ��(��FISHĉ!.1ĐČr!

ħÜ���1ńŕ"ü�ģ#�ńŐ´�ĥ

4ë��,ł 65%ķÏ�����nê�ń

Ő´�ĥ4ë��± " CARD-FISH ĉ�

% in situ DNA-HCRĉ!.1ńŕ"ü�ģ

#�¡ķÏ��0ł 88%ķÏ���� 

(P>0.05)�FISHĉ!.1ńŕ"ü�ģ�z

�Š©����nŹ"ĐČr!ħÜ���

1ńŕ# FISH ĉ!.1ü�ƃĩxp"

rRNA £òŽ��ò��� ����ō	

/21�ńŐ´�ĥ4ë� �± �in situ 

DNA-HCRĉ!.1ü�ģ#�CARD-FISH
ĉ.0,Ɛ�ü�ģ4ĵ��� In situ 

  
Fig. 4-1 Photomicrographs of EUB338- 
hybridized marine bacteria by FISH using Cy3- 
labeled EUB338 (A), CARD-FISH using HRP 
labeled EUB338 and tyramide-Cy3 (B), and in 
situ DNA-HCR using EUB338-initiatorH and 
Cy3-labeled amplifier probes (C), without 
permeabilization. Each double panel depicts 
DAPI staining (left) and probe staining (right). 
Exposure times were adjusted for each method. 
The bar represents 20 µm. 
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DNA-HCR ĉ�ńŐ´�ĥ4ë���,Ɛ�ü�ģ4ŵß��Š©����in situ 

DNA-HCR ĉ!Ĩ�1\jm[� CARD-FISH ĉ!Ĩ�1\jm[.0,Ɛ�ńŐđŲÛ

4ò���1���ō	/21��2/"ňø�/�in situ DNA-HCRĉ# CARD-FISHĉ

�¡ÿ!ƐÝÏ FISHĉ���ŷĨ�1����ő��0�CARD-FISHĉ!Ĩ�1\jm

[.0,Ɛ�ńŐđŲÛ4ò���1���¿Bl\h4,��Ũì�2�� 
� Ă!�ñŷ ńŐ´�ĥ"Ÿ¾�ªƈ��1bJlħß�ńŕ�¶è¼���1ºĆ

Û>fSdmhĈċ��%ºĆÛĒ�Ĉċ�"�ńŕ4 in situ DNA-HCRĉ4Ĩ��ü�

���ńŐ´�ĥ4ë����àĉ4ŷĨ�ºĆÛ>fSdmhĈċr"�ńŕ�%ºĆ

ÛĒ�ÛĈċ�"�ńŕ4ü���ňø4 Fig. 4-2!ĵ��ųÌ�ºĆÛ>fSdmhĈ
ċr!ħÜ���1ÖħĠ#�ÖħĠ"ĎÛ�Ɛ� FISH ĉ!.1ü��Áí��1± 

�¶����ı/2��1 (Sekiguchi et al., 1999)�Ô���ôĳĺ�Õ/2� FISHĉ!.

1�ńŕ"ü�ģ#�ł 22%��0�ńŐ´�ĥ4ë��� � CARD-FISH ĉ!.1ü

�ģ (ł 9%) �ąŰ��Ɛ����Ă!�in situ DNA-HCRĉ4Ĩ��ńŐ´�ĥ4ë�

��ńŕ4ü���ňø��ńŕ"ü�ģ#�ł 18%��0ńŐ´�ĥ4ë��� �

CARD-FISH ĉ!.1ü�ģ.0,Ɛ��FISH ĉ!.1�ńŕ"ü�ģ�¡ķÏ���� 

(P>0.05)�In situ DNA-HCRĉ!.1�ńŕ"ü�ģ� FISHĉ!.1ü�ģ�¡ķÏ��

��Š©����in situ DNA-HCRĉ!Ĩ�1\jm["ńŐđŲÛ� FISHĉ!Ĩ�1\

jm["ńŐđŲÛ�¡ķÏ��1��!ů©���1�ō	/21��/!�ºĆĒ�

Ĉċr"�ńŕ! in situ DNA-HCRĉ4ŷĨ���ňø�in situ DNA-HCRĉ!.1�ńŕ

"ü�ģ#�FISHĉ
.% CARD-FISHĉ.0,Ɛ����In situ DNA-HCRĉ�nĪƐ

�ü�ģ4ĵ��Š©����ºĆÛĒ�Ĉċr"ÖħĠ"z rRNA£òŽ�ō	/21�

ôĳĺ�Õ/2� FISH ĉ!.1�ńŕ"ü�ģ#�13.7%ķÏ��0 FISH ĉ�#Ţţĭ

!ü��1�� ř��Õ/2 ����ō	/21�nê��ƐÝÏFISHĉ��1 in situ 

DNA-HCRĉ!.1ºĆÛĒ�Ĉċ�"�ńŕ"� #�27.2%ķÏ��0Ɛ�ü�ģ4ĵ

���CARD-FISHĉ!.1�ńŕ"ü�ģ#�\jm["ńŐđŲÛ"¦Ƌ�/ł 17.9%

Table 4-2 Detection rate (%) of Bacteria and Archaea in seawater or anaerobic sludge 
sample as determined by FISH�CARD-FISH and in situ DNA-HCR with and without cell 
permeabilization. 
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ķÏ!��(��� 
� xo"ňø.0�in situ DNA-HCRĉ�Ħ²r!ħÜ���1 rRNA£òŽ�Æ �Ħ²

ÖħĠ"ü�!ò���1���ì/�� ��� 
 

4.3.2 In situ DNA-HCR-��2�$3.��@*< 

� Ă!�in situ DNA-HCRĉ!.1Ħ²ÖħĠ"¶żúŔ4Ū)��FISHĉ!.1Ħ²Ö

ħĠ"¶żúŔ#���!hmN7l� ��
0��2(�!ºĆÛ>fSdmh"ħ

Þťì (Sekiguchi et al., 1999) -ħĠ½ĭäć�ĥĈċ�"ÖħĠ�"ť÷ (Levantesi et 

al., 2002) !ŷĨ�2��1�(��CARD-FISHĉ4Ĩ��¶żúŔ,°¤�2�
0�

Ţţĭ ÖħĠħÞ"ŞĤêĉ"n�� ���1 (Schreiber et al., 2010; Pernthaler et al., 

2008)�����in situ DNA-HCRĉ!.1¶żúŔ4Įã��ºĆÛĒ�Ĉċ�"ńŕ�

�ńŕ�% MethanosaetaceaeĶ"bJlħß�ńŕ"¡îü�4ś����"ňø�ńŕ�

�ńŕ�% MethanosaetaceaeĶ"bJlħß�ńŕ4āĭ��� in situ DNA-HCRĉ�/

ġīĭ ř��Õ/2� (Fig. 4-3)�(���"ř�#�8SC:mJm\jm[4Ĩ�

�� �Ł�/#Õ/2 ��� (OmJƉŞĵ)��"ňø�/�yſ\jm[��8S

C:mJm\jm[�/ġīĭ!yſ�Ú4ĵ���ō	/21��2(�!�\jm[

"TMPkm=4Ĩ��ƐÝÏ FISH ĉ��1 RING-FISH ĉ�°¤�2��1� 

(Zwirglmaier et al., 2004)�\jm["ġīÛ"¦Ƌ�/ rRNA!Ã��ŷĨ�2�� ��

(��ŻŃ�Ú4Ĩ�� CARD-FISH ĉ".1¶żúŔ#�āĭÖħĠ"ü���!\j

     
Fig. 4-2 Detection of Archaea in anaerobic granular sludge sample (A-C) and anaerobic 
digester sludge sample (D-F). (A and D) : FISH, (B and E) : CARD-FISH, (C and F) : in situ 
DNA-HCR. Each double panel depicts DAPI staining (left) and probe staining (right). Exposure 
times were adjusted for each method. The bar represents 20 µm. 
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m[!āŬ��ŻŃ4¹Ď��1ç|�ÙŠ��0�ç|"ĞƆ�-Ɛ�WM=>flQ

�Õ/21Ŀ"¦Ƌ�°¤�2��1 (Pernthaler et al., 2004)�nê�in situ DNA-HCRĉ!

Ĩ�1yſ\jm[!.1ř�³Í#��8SC:mJm\jm[ź�!�¼ĭ!ů�1

�+�¡î!¶è"ř�4³Í��1����ő��1�Ô����8SC:mJm\j

m["EPglD9lCm�¡Ŀ��1± �in situ DNA-HCRĉ!.1¶żúŔ#�8S

C:mJm\jm["tƆ�%yſ\jm[!.1ř�³Í" 2 ¨")"ç|��ő��

1�+�CARD-FISHĉ.0,Áí��1� 

 

4.4  ��� 

� ôļ�#�in situ DNA-HCRĉ!.1Ħ²ÖħĠ"ü�"ŷĨ�őÛ"ũ��%¶żúŔ

ĉ"üŦ4ś���(��in situ DNA-HCRĉ4Ĩ��Ħ²ÖħĠ4ü���ňø�in situ 

DNA-HCRĉ#�FISHĉ�#ü��ªƈ��1ĐČr"ńŕ-ºĆÛĒ�Ĉċ�"�ńŕ

4ü��1����ő������/!�ńŐ´�ĥ4ë���� in situ DNA-HCRĉ!

.1ĐČr"ńŕ"ü�ģ�¢o���Ô���in situ DNA-HCRĉ!
��,ńŐ´�ĥ

4ë����ð!Ħ²ÖħĠ"ü��Áí! 1���ì/�� ���CARD-FISHĉ!

Ĩ�1\jm[.0,ńŐđŲÛ�Ɛ�ôàĉ#�CARD-FISHĉ4ŷĨ�1�+"ńŐ´

�ĥ"ñŷ��ªƈ ÖħĠ"ü�!ġ!ò���1�ō	/21�Ă!�ôļ�# in situ 

DNA-HCRĉ4Ĩ��¶żúŔĉ!���,°¤����2(�"ƐÝÏ FISHĉ!.1¶

żúŔ#�ĞƆ ç|�ÙŠ������in situ DNA-HCRĉ4Ĩ�1��� CARD-FISH

             
Fig. 4-3. Simultaneous detection of Bacteria, Archaea, and Methanosaetaceae in anaerobic 
digester sludge using multiplex in situ DNA-HCR. All cells were stained with DAPI (blue) 
(A). In situ DNA-HCR detection of Bacteria by targeting the EUB338 site with 
AlexaFluor555-labeled amplifier probes (red) (B). In situ DNA-FISH detection of Archaea by 
targeting the ARC915 site with AlexaFluor488-labeled amplifier probes (green) (C). In situ 
DNA-FISH detection of Methanosaetaeae by targeting the MX825 site with 
AlexaFluor647-labeled amplifier probes (white) (D). Bar represents 20 µm. 
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ĉ.0,Áí ç|�¶żúŔ�1����ő! ��� 

 

4.5 �#�"( 
� uÓ"Çƀ���#�ôàĉ4Ĥŗ��ßſ���1ÖħĠ¨�áŜ�ņ) 3��

Cl>hGhD9U`M=Eť÷&"ŷĨ4ō	��1��2(�!�ƐÝÏ FISH ĉ�

ÖħĠ¨�áŜ4ņ) 3��°¤#�2��1,"" (Sekar et al., 2004)�ÖħĠ¨�Ó

!Cl>hGhD9U`M=Eť÷4ś��°¤#�2�� ���2#��2(�"Ɛ

ÝÏ FISH ĉ�#�DNA !KbmD4��	1 H2O2- HCl 4Ĩ�1àĉ��1���@

Uať÷4ś��+!#«¾|ý4Ƅ�ÙŠ��1��!ů©���1�In situ DNA-HCR

ĉ#�ńŐđŲÛ�Ɛ���/! DNA !KbmD4q	1ŪŘ4Ĩ� �àĉ��1�

+�Ôõ"àĉ�#ªƈ����Cl>hGhD9U`M=Eť÷&"ŷĨ��ő! 1

�ō	��1�(��«¾��� �ĄĘ��ŕ{!Ã��ųÌ" FISH ĉ4ŷĨ�1

��,°¤�2��1 (Amann and Fuchs 2008)�Ô���ųÌ"ƐÝÏ FISHĉ.0,\j

m["ńŐđŲÛ�Ɛ�ôàĉ4ųÌ" FISH ĉ".�!ĄĘ��ńŕ!ŷĨ�2$�

Cl>hGhD9U`M=Eť÷,�ő! 1"�# ���ō	��1��"v�

DOPE-FISH ĉ".�! H1 �% H2 !ř�ĠŮ4_hLf]hgl>�1����

DOPE-FISHĉ (Stoecker et al., 2010) - CLASI-FISHĉ (Valm et al., 2011) ".� ¶żú

Ŕ,�ő�# ���ō	��1� 
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A 5@ );7	 mRNA�5>��� in situ dual DNA-HCR6	O=%�8N 
5.1  
�� 
� FISHĶ'�÷œŌ�& 16S rRNA9īŚ"� ƛƜŚ��ōŗŚ%Ĩ��5�"�!

5ĀĶ!�5 (Amann and Fuchs, 2008)�FISHĶ%ǋ3�ŒÌ÷œŌ9¹Ù�5Ê¸��%

16S rRNAƻ�Ö9īŚ"��ĖĶ�ŕ�36 �5 (Woese 1987)����$�3�ŒÌ

÷œŌ&�%'ōÙ&SybFƪ9Jz[� �5Ĭƅƻ�Ö��&÷œŌ%ť©�5Ĳ

ë�Ď9Ɛ�÷œŌ�É¼�6 �5 (Hendrickx et al., 2006; Okunishi et al., 2012)�ō%�

ƆŪŷƊƂ1 BTEX9œŌØŚ%�ƞ�5÷œŌƂ'�Ĳë�Ď9Ɛ�"É¼�6 
4�

ųŻØŚ%ÒĪû�Ó�"Š36 �5 (Hendrickx et al., 2006; Okunishi et al., 2012)�õ

� ��63÷œŌ'�16S rRNAƻ�Ö%È��ƞĤ!'ōÙ&Ĭƅ9Ğ� �5&� 

Ĕ�5�"�Áǐ!�5��&2�$÷œŌ&Ĭƅ9Ăč�5Ê¸�ōÙ&Ĭƅ9Ğ��

Ĭƅƻ�Ö1�&ƻ�Ö�3&ƭ�Ō (mRNA)�SybFƪ9īŚ"��ĀĶ�ŕ�36

 �5�,��Ʋì!'ŒÌ�%×Ã�5 DNA 1 mRNA�SybFƪ9ŽƁŚ%ƞĤ!

5nSI_mƞĤ1nSZsyNFtgZzmƞĤ�gwXCzmƞĤ%24 in situ%

#&2�$ƻ�Ö�×Ã� �5&�ÜĘ%Ăč!52�%$�� (Handelsman 2004)�

FISHĶ'�÷œŌ�&ōÙ&�Ö9ƛƜŚ%Ĩ�!5ĀĶ!�5�/�in situ%
�5

÷œŌ&ũǈ�çů&Ăč%Ğ¨!�5����$�3�Ƶè& FISH Ķ!'�Ǝ�ñí

�īŚ"�5�Öǂ%�×�5�/�Ĭƅ9Ăč�5�"!µƅ$ mRNA (101-102 

copies/cells) 1Ĭƅƻ�Ö (1-10 copies/cell) 9Ĩ��5�"�Áǐ!�5�õ� ��&2

�$×ÃĒ�ã$��Ö'�ǝýí FISH Ķ9ƹŕ�5�"!ƛƜŚ%Ĩ�� �5 

(Pernthelaer et al., 2004; Kawakami et al., 2011; Kubota et al., 2006; Moraru et al., 2012; Zweigner 

et al., 2004; Mota et al., 2012; etc)�Ʋì!'�click chemistry9¢ŕ�īŚSybFƪ9ƛƜ

Ś%Ĩ��5ĀĶ0É¼�6 �5 (Hatzenpichler et al., 2014)��&2�$É¼�ţ�2�

%�ƛƜŚ%÷œŌĬƅ9Ĩ���&÷œŌ9Ăč�5�"'�in situ %
�5÷œŌœ

þ9Ăč�5|!ǔè%ǀƗ!�5����$�3�õģ&ǝýí FISH Ķ!'�ĩ&ſ

Ǐ�1ŷƄļƴû1ōŗû&½ǖů�É¼�6 
4�ĳŕû�ǝ�"'Ɵ	$�&�Ő

Ŏ!�5 (Ů 2Ŭ¯Ŋ)��3%�ƿŶ9Íé%ŕ�5õģ&ĖĶ!'�Ɗ��&�Ãûĺ

û9Õĺ��5ùƗ��4�ÕĺĖĶ9Kygu�"%ĝƹ«�5ùƗ��5 (Kubota 

2013)���!�ĠšŨ!'�Đ��ÜĘ!ŷƄļƴû1ōŗû&½ǖ9ƞĵ���3%�

Ãûĺû&ÕĺĖĶ&ĝƹ«�ùƗ$� in situ DNA-HCRĶ9ŕ� ĕƚ& mRNAĨ�ā

Ƒ&ǇŘ9Ƥ-��×ÃĒ�ã$� mRNA 9ƛƜŚ%Ĩ��5�/%'�1) ¬�$Ǝ�

ñí&Ţ��2) gwzf&ōŗû&Ţ���ùƗ!�5���!�,��in situ DNA-HCR

Ķ&Ĝ$5Ǝ�Íé9ŜĈ��2í&�ǆ±ú%25Ǝ�Íé9Ɛ� in situ dual DNA-HCR

Ķ&ǇŘ9Ɛ�� (Fig. 5-1)��ǆgwzf'�2¿&�ǆ±ú9ţ�2�%�H1°( H2

%ĕ�$�ǆÈň (initiatorC) 9ĉ��� D1°( D29�ŕ��D1°( D2�3�ǆ9ţ
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� C1 °( C2 9ŕ���īŚ"�� mRNA '�ZuAy�ƞ÷œŌ& toluene 

4-monooxygenase gene�3ŘŐ�5 tmoA mRNA&Ĩ�°( toluene dioxygenase&{ƽ&ƻ

�Ö�3ŘŐ�5 todC mRNA"�� (Hendorickx et al., 2006)�ZuAy�ƞƊ9īŚ÷œ

Ō%ƺÙ��ƗÀ9�}%ţ��1) ZuAy�ƞƅ9Ğ�5÷œŌ&ōŗŚ$Ĩ�%'Z

uAy�ƞ%ǉ~�5ƻ�ÖkzDz9ùƗ"�5�"�2) Ů 6Ŭ!É¼9Ɛ�ZuAy

EN9�ő� �5a>Ct<FSz�&÷œŌƞĤ&źĥ�tmoA, todC ƻ�Ö9Ğ��

÷œŌ�×Ã� �5�" (Ů 6Ŭ¯Ŋ)�3) �&a>Ct<FSz�%'�Ãûĺû9Ğ

��÷œŌ�×Ã� ���" (Ů 6 Ŭ¯Ŋ)��|&�"�3�ZuAy�ƞƊ& todC, 

tmoA mRNA9īŚ mRNA"��� 

� ĠšŨ!'�,� todC mRNA°( tmoA mRNA&Ĩ�9ŜĈ��>]LAzSzgwz

f&ƢƠ9Ɛ����&ô�ƢƠ��gwzf&Ğ¨û"ōŗû9 Clone-FISHĶ%24ƣ

����,��ĠĀĶ" in situ DNA-HCRĶ°( CARD-FISHĶ&Ǝ�ñí"İƮ��ĠĀ

Ķ� mRNA9ƛƜŚ%Ĩ�µƅ$Ǝ�ñí!�5�Ĩơ9Ɛ���ĝŸŚ%ŵŰƊĦ"�

 todC ƻ�Ö9Ğ�� Psudomonas putida F1Ħ%ĠĀĶ9ƹŕ��� 

 
5.2  'Q.6 
5.2.1. ���);7	L&���J, 

� In situ dual DNA-HCRĶ&gwZJu&Ţū%ŕ��oYu÷œŌ°(īŚƽ�%'�

Escherichia coli K-12Ħ (ATCC700296) & EUB338ǕÆ9�ŕ���̂ EX=fJyZwz

u÷œŌ%'�Methanococcus maripaludis S2Ħ (JCM13030) 9ŕ���E.coli'�LBÇÄ

!ÇǛ��ÞĒÍįğ%¿²���M. maripaludis'�JCM�ĈÙ�5ÇÄ!ÇǛ���Ç

Ǜô�Kygu'ÞĒÍįğ%¿²��4% bsium<uYc[! 4˚C�12 ęǈ&ÂÙ

9Ɛ��ô�EtOH" PBS (137 mM NaCl, 8.1 mM Na2HPO4, 2.68 mM KCl, 1.47 mM KH2PO4 

[pH 7.4]) 9 1:1 !ľ¸���ńĽ�! -20˚C !�×���,��P. putida F1 Ħ 

 
Fig. 5-1 Principle of in situ dual DNA-HCR. (A) Initiator probe hybridized to target mRNA. 
(B) D1 and D2 are amplified from initiator probe. (C) C1 and C2 are amplified from initiator 
sequence of D1 and D2. 
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(ATCC700007) ' ATCC�ĈÙ�5ÇÄ!ÇǛ����&ô�ŉĬËÇÄ"� huntersÇ

Ä (Stanier et al., 1966) 9ƺÙ��ZuAy9ŇŶł"� P. putida F1Ħ&ÇǛ9Ɛ���

�&ô�ZuAyņí�ŀã���"9FIDƠ (Shimadzu VMS-1000F, detector; FID) !
Ţƥ��4%bsium<uYc[! 4˚C�6ęǈ&ÂÙ9Ɛ��ô�EtOH" PBS9 1:1!

ľ¸���ńĽ�!-20˚C!�×��� 

 
5.2.2. ����%������	L& 

� ĠšŨ%ŕ��gs>kz°(gwzf9 Table 5-1%ţ��ĠšŨ!'�Ů 2Ŭ%ŕ

�� H1°( H2% C1°( C2&�ǆƫň!�5>]LAzSzƾ�9§	� D1°( D2

&ƢƠ9Ɛ���,��tmoA mRNA°( todC mRNA9Ĩ��5>]LAzSzgwzf

'�tmoA ƻ�Ö°( todC ƻ�Ö9Ĩ��5ǎ%ŕ�365eBxz[gs>kzƾ�&

ŝƔǄ9>]LAzSzgwzf"� ŕ��� 

 

5.2.3. in vitro��������	�N?I 
� ĠšŨ%ŕ��gwzf&�ǆ±ú'�Choi3&É¼9¯ƃ%��Ǒıĸ©9ŕ� Ţ

ƥ�� (Choi et al., 2010)�,��ƢƠ���ǆgwzf (3 µM) °(>]LAzSzgw

zf (0.3 µM) 9·Uqzf%ŕü��95˚C! 5�, 25˚C! 60�Łƀ��ô�·gwzf

9ľ¸���46˚C ! 2 ęǈ±ú����ĝô%�Ǒıĸ©9ŕ� HCR ±ú%25�ǆ

9Ţƥ��� 

 

5.2.4. Clone-FISH6	�	����	J, 
� tmoAƻ�Ö0��' todCƻ�Ö&{ƽ9Ź-Ʊ:�gsNl[90� E. coli&Kyg

uƧē%' Schramm3°( Kubota3&É¼%ŃĆ�Ɛ�� (Schramm et al., 2004; Kubota 

et al., 2006)�,��ZuAyEN9œŌ�ƞ� �5a>Ct<FSz (�ġ3 2012) �

3Ĵķ9Ċ³��DNA9ą����DNAą�%'�ISOIL for beads beating (Nippon gene) 9

ŕ� �ċţ�6 �5gwZJu%ŃĆ�Ɛ���ą��� DNA'�tmoAƻ�Ö°(

todCƻ�Ö9īŚ"��gs>kzPVZ9ŕ� PCR9Ɛ���PCRƤƍ%'�TaKaRa 

Extaq Hot Start Version (TaKaRa) 9ŕ���PCR±ú'�95˚C! 2�ǈ&�ğÐû9Ɛ�

�ô�95˚C-1 ��65˚C-1 ��72˚C-2 �&K>Fu9 30 K>Fu (tmoA ƻ�Ö) 0��'

35 K>Fu (todC ƻ�Ö) Ɛ��ô�72˚C ! 5 �ǈ±ú����Íé�� PCR ŔŌ'�

MinElute PCR Purification Kit (QIAGEN, Tokyo, Japan) %24Ųƕ��pCR2.1 TOPOhFS

z (Invitrogen, Carlsbad, USA) %s>IzLry���s>IzLry±ú" NovaBlue 

(DE3) JydXyZPu&òƪÐČ'�ƕƶ�Ť&gwZJu%ŃĆ�Ɛ���DE3 Jy

dXyZPu9ŕ��Fwz]yG'ǓřƺĄ!!$����!�>yKzZU@VF

°(>yKzZ&Ėº&Ţƥ'�syTm%Jw]z9 50�Ŧí¿²��pUC/M13f-tmoAr 
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9ŕ�� PCR%24Ɛ���jMX=f>yKzZ9ć�Fwzy'�ampicillin (50 µg/ml) 

9». LBÇÄ!{ěǒśÇǛ9Ɛ����&ô�ampcillin9». 5 ml& LBÇÄ%ÇǛ

��Fwzy9 50 µl§	�37˚C!ļƴÇǛ9Ɛ���O.D.600� 0.3-0.4%$��"�7

! ITPG (TaKaRa Bio) 9 1 mM%$52�%§	�mRNA&ŘŐ9�� 1ęǈ&ǒśÇǛ

9Ɛ����&ô�chloramophenicol (Zymo Research, Orange, CA, USA) 9 200 mg/l%$5

2�%§	�4ęǈô%¿²9Ɛ���¿²��Kygu'�4% bse=um<uYc[

! 4˚C�6ęǈ&ÂÙ9Ɛ���,��^EX=fJyZwzu"� ^EX=f>yKz

Z��gsNl[90�Fwzy°(Pues>IzLry��gsNl[90�Fwz

y9ŕü��|Ƴ��2�% IPTGƦâ�chloramophenicol9Ŀ§�ÇǛ��ÂÙ��Ky

gu9ŕ���ÂÙ��Kygu'� EtOH " PBS 9 1:1 !ľ¸���ńĽ�!-20˚C !

�×��. 

 

5.2.5. CARD-FISH6 

� CARD-FISHĶ'�Kubota3&ĖĶ9ƈêÐĜ��Ɛ�� (Kubota et al., 2008)�,��Â

ÙKygu9�Əň<EwzN!ªÅ� (Pernthaler et al.. 2002)�10 ŧ&Ns>[EsN 

(Matsuami, Osaka, Japan) %k?yZ���Ns>['�60˚C!�ŋô�EtOHLtzO (50�

80 and 96%) % 3�1�1�ǈļ� ƆĲ9Ɛ���ĭ%�gwzf&ŷƄļƴû9º|��

5�/%�tRUzm (1 mg/ml in 10 mM Tris-HCl, 1 mM EDTA) %25ŷƄÎ�ő9 37˚C

! 30�ǈƐ����&ô�TNT aVe;z (100 mM Tris-HCl, 150 mM NaCl, 0.05% Tween 

20) % 15�ǈ�MQ% 1�ǈļ��ĝô% EtOH% 1�ǈļ� ƆĲ��ŋ�����ŋ

���ô�ĝŸņí 0.1 µM& HRPīƨgwzf9».`>ftT>QzLry (20 mM 

Tris-HCl. 0.9 M NaCl, X% formamide, 0.05% SDS, 10% dextran sulfate, 1% blocking regent) 9

·ŧ% 15 µlŅ}��40˚C! 2ęǈ�|�Ǐ�����&ô�Ns>[9 42˚C&`>ft

T>QzLryaVe;z%ļ��15�ǈ&ĹĻ9Ɛ���gwzf&ĹĻô�TNTaV

e;z% 15 �ǈļ��ëƒ«���TSA ±ú%����TSA ±ú'�Cy3 9īƨ��U

sl[9ŕ� Ɛ���Usl[±úĽ'�1 volme &īƨUsl[�37.5 volume&<y

gte;>HzLryaVe;z (NEN life science)�12.5 volume & 40% dextran sulfate�

0.5 volume& 10% blocking regent9ľ¸���·ŧ% 10 µlŅ}��37˚C! 10�ǈ±ú�

���TSA±úô'�TNTaVe;z% 15�ǈļ��MQ! 1�ǈ°( EtOH! 1�ǈļ

� ƆĲ°(Ǚ����� 

 

5.2.6. In situ DNA-HCR6 
� ÂÙKygu'��Əň<EwzN!ªÅ��10ŧ&Ns>[EsN (Matsunami, Osaka, 

Japan) %Âş����·Ns>[' 60˚C!�ŋô�50�80�96 %& EtOH%�6�6 3�

1�1�%ļ� ƆĲ9Ɛ���̀ >ftT>QzLryaVe;z1 (20 mM Tris-HCl. 0.9 M 
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NaCl, X% formamide, 0.01% SDS) %ĝŸņí 0.5 µM %$52�%>]LAzSzgwz

f9ľ¸���·ŧ% 15 µl Ņ}��46˚C! 2ęǈ�|�Ǐ�����&ô�Ns>['�

48˚C&`>ftT>QzLryaVe;z (20 mM Tris-HCl, 0.9 M NaCl, X% formamide, 

0.01% SDS) % 30�ļ��ĹĻ9Ɛ����3%�ĹĻaVe;z (50 mM Na2HPO4, 0.9 M 

NaCl, 0.01% SDS) %ÛŁ! 5�ǈĹĻ��Ns>[|&ium<l[9ǌ®�����&

ô�<ygte;>HzLryaVe;z (50 mM Na2HPO4, 0.9 M NaCl, 0.01% SDS) %Ǝ

�Ōƪ9īƨ�� H1°( H29ĝŸņí 2.5 µM %$52�%§	�46˚C! 2ęǈ�Ǐ

���LG\uÍé�����3%�ĹĻaVe;z (50 mM Na2HPO4, 0.9 M NaCl, 0.01% 

SDS) % 4˚C! 30�ļ�ĹĻ9Ɛ��MQ! 1�ǈ�EtOH! 1�ǈļ��Ǚ����� 

 

5.2.7. In situ dual DNA-HCR6 
� ÂÙKygu'��Əň<EwzN!ªÅ��10ŧ&Ns>[EsN (Matsunami, Osaka, 

Japan) %Âş����·Ns>[' 60˚C!�ŋô�50�80�96 %& EtOH%�6�6 3�

1�1�%ļ� ƆĲ9Ɛ���̀ >ftT>QzLryaVe;z1 (20 mM Tris-HCl, 0.9 M 

NaCl, X% formamide, 0.01% SDS, 10% dextran sulfate, 1% blocking reagent) %ĝŸņí 0.5 

µM %$52�%>]LAzSzgwzf9ľ¸���·ŧ% 15 µlŅ}��46˚C! 2ę

ǈ�|�Ǐ�����&ô�Ns>['�48˚C &`>ftT>QzLryaVe;z (20 

mM Tris-HCl, X M NaCl, 0.01% SDS) % 30�ļ��ĹĻ9Ɛ����&ô�<ygte;

>HzLryaVe;z (50 mM Na2HPO4, 0.9 M NaCl, 0.01% SDS, 10% dextran sulfate, 1% 

blocking reagent) %Ǝ�Ōƪ9īƨ��D1°(D29ĝŸņí 2.5 µM %$52�%§	�

46˚C ! 2 ęǈ�Ǐ���LG\uÍé�����¥gwzf&ĹĻ'�PBST ! 4˚C�10

�ļ��"!Ɛ��ô�MQ! 1�ǈļ����&ô�2¿Ŝ&�ǆ9Ɛ��/�<ygt

e;>HzLryaVe;z%Ǝ�Ōƪ9īƨ�� C1°( C29ĝŸņí 2.5 µM %$5

2�%§	�46˚C! 2ęǈ�Ǐ����ĝô%�PBST! 4˚C�10�ļ�ĹĻ9Ɛ��MQ

! 1�ǈ�EtOH! 1�ǈļ��Ǚ����� 

 
5.2.8. P)MG(���4!:	B! 
� CARD-FISHĶ�in situ DNA-HCRĶ°( in situ dual DNA-HCRĶ%ŕ��Kygu'�

ƖƇǊĮ¤ (ProLong Gold Antifade Reagent with DAPI, Invitrogen) !ß�ô�Ǘ÷ǅƝÝ%

����Ǘ÷ǅ%'�ƋàƎ�Ǘ÷ǅ BX-53 (OLYMPUS) 9ŕ���Ş&ďó%' CCD

Dns VB7010 (KEYENCE) 9ŕ���·ĀĶ&Ǝ�ñí' daime software (Daims et al., 

2006) 9ŕ� Ɛ��� 
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5.3  'QC2%�D( 

5.3.1. In situ dual DNA-HCR6	�����	/K# 
� ,��in situ dual DNA-HCRĶ%ŕ�5gwzf�ōŗŚ$�ǆ±ú9ţ�&�Ǒıĸ©

9ŕ� Ţƥ����&źĥ�2íŜ&�ǆ±ú%ŕ�5gwzf!�5 C1°( C2'�

ĠšŨ!ƢƠ��·>]LAzSzƾ�9Ğ��D1°(D2�3�6�6ōŗŚ$�ǆ9

ţ�� (Fig. 5-2, D and E)�,��>]LAzSzƾ�90� D1°( D2�×Ã�$�Ê

¸�C1°( C2%25�ǆ'±ú�ǃ«�� (Fig. 5-2, F)�In vitro&Úǜźĥ�3�C1

°( C2'�ĠšŨ!ƢƠ9Ɛ��>]LAzSzƾ�9Ź-Ʊ:� D1°( D2�3�ǆ

±ú9ƫ���"��ģ5�"�ė3�"$���,��^EX=fJyZwzu"� 

>]LAzSzgwzf9ŕ�$�ų!Ɛ��źĥ�100 bpƲư%ay[ñí�ñ�ay

[�ö36� (Fig. 5-2, B, F and G)�õ� �>]LAzSzgwzf�×Ã� �$�

ŒÌ}!'�ǆgwzf%25�ǆ�Áǐ$ŒÌ!�5" Ĕ��� 

� ĭ%�in situ!&gwzf&�ǆ9Ţƥ�5�/%�E. coli& EUB338ǕÆ9īŚ"� in 

situ dual DNA-HCRĶ9ƹŕ����In situ DNA-HCRĶ"¹�Ƥƍ°(ÚǜĢ�!Ɛ��

źĥ�Ƶè& in situ DNA-HCRĶ240ǝ�Ǝ�ñí9ö5�"%ÿ¦���õ� �in situ

%
� 0 2 íŜ&�ǆ±ú9ƫ���"�µƅ!�5�"�ė3�"$������$

�3��&Ǝ�ñí'�CARD-FISHĶ!ö365Ǝ�ñí240���,�Ns>[|�

3'ǔōŗŚ$Ǝ��ö36��CARD-FISH Ķ&Ǝ�ñí!Ĩ�µƅ$×ÃĒ' 14-50 

copies/cell"É¼�6 
4 (Hoshino et al., 2008)�×ÃĒ�ã$� mRNA9Ĩ��5�/

%'�CARD-FISHĶ!ö365Ǝ�ñí,!î|�5ùƗ��5���!�,�Ĝ$5

Ǝ�Íé9ŜĈ� CARD-FISH Ķ%ŕ�365Ƥƍ9¯ƃ%��Ƥƍ&Ĩơ9Ɛ����

&źĥ9 Table 5-2%ţ��CARD-FISHĶ&ǎ%ŕ�365 dextran sulfate°( blocking 

reagent9`>ftT>QzLryaVe;z1�ǆ±úĽ%§	��,��dextran sulfate 

            
Fig. 5-1. validation in a test tube. (A) : amplification reaction by initiatorH, H1 and H2. (B) : 
without initiatorH. (C) : amplification reaction by initiatorH, D1 and D2. (D) : amplification 
reaction by D1, C1 and C2. (E) amplification reaction by D2, C1 and C2. (F) : negative control by 
using D1 and D2. (G) : negative control by using C1 and C2. 
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9�ǆ±úĽ%Ŀ§��źĥ�Ǝ�

ñí'ƌ��º|����&ƗÀ"

� �dextran sulfate%24gwzf

&ÚƐņí�º|���Ǐ¨ŏ�º

|���"%ƫÀ� �5"ƃ	

365�,��blocking reagent9�

ǆ±úĽ%Ŀ§��źĥ�ǔōŗŚ

$Ǝ��ă£�6��ĭ%��ǆ±

úĽ% dextran sulfate °( blocking 

reagent&�Ė9Ŀ§����&źĥ�

20% dextran sulfate9Ŀ§��ų!

'��ǆ±úĽ&űû�ñ�$4�

ǔōŗŚ$Ǝ��ö36��{Ė!�10% dextran sulfate°( 1% blocking regent9Ŀ§��

ų!'�Ƶè240ñ�Ǝ�ñí�ö36�,�ǔōŗŚ$Ǝ��ö36$����õ�

 �ĝƹ$�ǆ±úĽ'�10% dextran sulfate°( 1% blocking reagent9Ŀ§��ų"���

�3%�CARD-FISHĶ!ŕ�365`>ftT>QzLry (20 mM Tris-HCl, 0.9 M NaCl, 

X% formamide, 10% dextran sulfate, 1% blocking reagent, 0.01% SDS) 9�ŕ��źĥ�Ĝ$5

ñ�Ǝ��ö36���63&źĥ�3�in situ dual DNA-HCRĶ%ŕ�5Ƥƍ%'�`>

ftT>QzLryaVe;z°(<ygte;>HzLryaVe;z% 10% dextran 

sulfate °( 1% blocking reagent 9Ŀ§���ĭ%�Ƥƍ&ĝƹ«9Ɛ�� in situ dual 

DNA-HCRĶ9ŕ� in situ DNA-HCR

Ķ"Ǝ�ǝñí9İƮ��źĥ9 Fig. 
5-3 %ţ���&źĥ� in situ dual 

DNA-HCR Ķ&Ǝ�ñí'� in situ 

DNA-HCR Ķ240Ŵ 3 �Ŧíñ��

��,��CARD-FISHĶ&Ǝ�ñí'

in situ DNA-HCRĶ"İƮ� Ŵ 3�Ŧ

íñ��in situ dual DNA-HCRĶ&Ǝ�

ñí' CARD-FISH "¹Ŧí!��� 

(Fig. 5-4)�õ� �Ƥƍ&ĝƹ«9Ɛ

��"!ǚƬŚ%Ǝ�ñí�đ¾�6�

mRNA 9Ĩ�!5vhu,!Ǝ�ñ

í9î|�5�"%ÿ¦��� 

 

 
Fig. 5-3 Detection of E.coli by in situ dual 
DNA-HCR (A), in situ DNA-HCR (B). Each 
double panel depicts DAPI staining (left) and 
probe staining (right). Exposure time were 20 ms 
for each method. The bar represents 20 µm. 

Table 5-2. Effect of Blocking reagent and dextran 
sulfate for improving signal and noise level in 
hybridization buffer and amplification buffer 
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5.3.2. Clone-FISH6�������	0"*	H  
� ĭ%�ĠšŨ!ƢƠ��>]LAzSzgwzf� tmoA mRNA, todC mRNA9Ĩ�!

5�#��Ĩơ�5�/% Clone-FISH Ķ9ŕ� gwzf&Ğ¨û9Ţƥ���

Clone-FISHĶ%ŕ��Fwzy'�tmoAƻ�Ö0��' todCƻ�Ö9gsNl[%Ź-

Ʊ:� E. coli"���tmoAƻ�Ö°( todCƻ�Ö9īŚ"��gs>kzPVZ'�6

,!%É¼�6 �5��in situ hybridization%ƹŕ��É¼�6 �$����!�tmoA

ƻ�Ö°( todCƻ�Ö9Ĩ��5�"��ģ5gs>kz� in situ hybridization%ƹŕ!

5&�Ĩơ9Ɛ���ƢƠ��>]LAzSzgwzf'�tmoA ƻ�Ö0��' todC

ƻ�Ö&*+�Ô%�ƀ�5īŚƽ�!�5 tmoA-eBxz[gs>kz°( todC-eB

xz[gs>kz9ŕ����&ƢƠ��>]LAzSzgwzf9ŕ�� in situ dual 

DNA-HCRĶ%25 Clone-FISHĶ&źĥ9 Fig. 5-5%ţ��tmoA->]LAzSzgwz

f9ŕ� in situ dual DNA-HCRĶ9ƹŕ��źĥ�ium<l[ņí 15%%
� �)

 &Ɗ��3ñ�Ǝ��ö36� (Fig. 5-5, A)�,��todC->]LAzSzgwzf%


� 0ium<l[ņí 15%�ĝƹ$Ģ�!���(Fig. 5-5, C)��3%�>]LAzSz

gwzf9Ŀ§� �$�ų!'Ǝ��ö36$��� (Fig. 5-5, B, D)�,��in situ dual 

DNA-HCR Ķ&Ǝ�ñí'�ǝNZtyM@yLzĢ�}%$5%�6÷ð"$�� (Y

zSǔƓţ)��63&źĥ�3�>]LAzSzgwzf'�īŚƽ�&-%ōŗŚ%�

Ǐ� �5" Ĕ��� 

  
Fig. 5-4. Detection of E.coli by using in situ DNA-HCR (A), CARD-FISH (B) and in situ dual 
DNA-HCR (C). Each double panel depicts DAPI staining (left) and probe staining (right). The 
bar represents 10 µm. The exposure times for each method were fixed. 
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5.3.3. 1+6	8<* 

� ĭ%�1-2ËÈlNkVU>]LAzSzgwzf9ŕ� ĠšŨ!ƢƠ��gwzf&

ōŗû&ƣ�9Ɛ���tmoAƻ�Ö%Ʋž$ƻ�Ö"� �Pseudomonas stutzeri OX1Ħ�

Ğ� �5 toluene/o-xylene monooxygenase gene (touA) ƻ�Ö�É¼�6 �5�touAƻ�

Ö'�tmoA eBxz[gs>kz"{ËÈlNkVU!�Ǐ�5�"�É¼�6 �5 

(Hendrickx et al., 2006)�touAƻ�Ö'�tmoAeBxz[gs>kz"{ËÈlNkVU!

�Ǐ�5�"�É¼�6 �5 (Hendrickx et al., 2006)�,��todCƻ�Ö%Ʋž$ƻ�Ö

"� �Ralstonia sp.�Ğ� �5 terminal oxygenase large subunit& McbAaƻ�Ö�É¼�

6 �5�McbAaƻ�Ö'�todCeBxz[gs>kz"{ËÈlNkVU!�Ǐ�5�

"�É¼�6 �5 (Hendrickx et al., 2006)�õ� �tmoA, todC mRNA&-9Ĩ��5Ê

¸�{ËÈlNkVU9ƨ¡��5ùƗ��5���!�in situ dual DNA-HCRĶ&ōŗû

9ƣ��5�/%�tmoA 0��' todC ƻ�Ö9ĉ���gsNl[9Ğ��Fwzy9

ŕ� �tmoA-, todC->]LAzSzgwzf°( 1-2ËÈlNkVU (tmoA-, todC->]L

AzSzgwzf-1MM�-2MM) 9ŕ� in situ dual DNA-HCRĶ9ƹŕ����ĝƹ�

ǏĢ�} (15% formamide) %
�5Úǜźĥ9 Fig. 5-6%ţ���&źĥ�īŚƽ�"b
ze@FZkVU!�5 tmoA->]LAzSzgwzf9ŕ�� in situ dual DNA-HCRĶ

'�Ɗ��3ñ�Ǝ�9ö5�"%ÿ¦�� (Fig. 5-6, A)�{Ė!�tmoA->]LAzSz

gwzf-1MM°(-2MM9ŕ��Ê¸�Ɗ��3Ǝ��ö36$��� (Fig. 5-6, B and 
C)�,��todC->]LAzSzgwzf9ŕ��Ê¸'�1 ËÈlNkVU�3÷ð$Ǝ

��ö36���2ËÈlNkVU�3'Ǝ��ö36$��� (Fig. 5-6, D-F)��&ź

ĥ�3�ĠšŨ!ƢƠ�� tmoA->]LAzSzgwzf'�ŭ¸gwzf9ŕ�3�"

0 1 ËÈlNkVU&ƨ¡�µƅ$ǝ�ōŗû9Ğ� ���,��÷ð$Ǝ��ö36

 
Fig. 5-5. Detection of E.coli which is induced the partical tmoA or todC gene in plasmid by in 
situ dual DNA-HCR using initiator probe and amplifier probes (A, C) or without initiator probe 
(C, D). (A, B): Partical tmoA gene was induced. (C, D): Partical todC gene was induced. Each 
double panel depicts DAPI staining (left) and probe staining (right). The bar represents 20 µm. 
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� 1ËÈlNkVU& todC->]LAzSzgwzf'�bze@FZkVU&Ǝ�"İƮ

� Ǝ�ñí%æ�ƙ365�/�1ËÈlNkVU0ƨ¡µƅ!�5" Ĕ��� 

 

5.3.4. In situ dual DNA-HCR6��� P. putida F13	 todC mRNA	EF>4! 
� In situ dual DNA-HCRĶ%25ħœŌ

�&mRNA&ƛƜŚĨ�&ƹŕµƅû'�

P. putida F1Ħ9ŕ� Ţƥ���P. putida 

F1 Ħ'�ZuAy9ŇŶł9��ÇÄ!

ÇǛ9Ɛ��P. putida F1Ħ&ÍįŢƥ'

OD6009ŕ� Ɛ����&źĥ�P. putida 

F1 Ħ&Íį%24ZuAyņí�ŀã�

��"�3 todC mRNA�ŘŐ��"ƃ	

����!ĭ%�P. putida F1 Ħ& todC 

mRNA%Þ� in situ dual DNA-HCRĶ9

ƹŕ��� (Fig. 5-7)��&źĥ�todC-

>]LAzSzgwzf9ŕ��ų�3

Ǝ��ö36��,���&Ǝ�'�Ɗ�

9Ƙ�2�$`wƎ��ö36��̀ wƎ

�9ţ�FISHĶ"� RING-FISHĶ��

5 (Zwirglmaier et al., 2004)�RING-FISHĶ

        
Fig. 5-6 Detection of E.coli which is induced the partical tmoA gene (A-C) or todC gene (D-F) in 
plasmid by in situ dual DNA-HCR. A, D: Perfect match initiator probe was used. B, E: 1 
mismatch initiator probe was used. C, F: 2 mismatch initiator probe was used. Each double panel 
depicts DAPI staining (left) and probe staining (right). The bar represents 20 µm. 

 
Fig. 5-7 Detection of todC mRNA in P. putida 
F1 by in situ dual DNA-HCR. (A) : perfect 
match of initiatorH was used. (B) : 
One-mismatch initiatorH was used. (C) : 
Without initiator probe. Left panel depict DAPI 
staining (blue) and right panels depict probe 
signal (red). The bar represents 20 µm. 



Ů 5Ŭ ÷œŌ&mRNA9īŚ"�� in situ dual DNA-HCRĶ&ǇŘ°(ōǆ 
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  
71 

°(ĠĀĶ'�gwzf¹Ï&�Ǐ%24Ǝ�Íé��5ĖĶ!�5�õ� �ĠĀĶ%


� 0gwzf¹Ï&�Ǐ%24�ŷƄÑ,!�ǆ�ƸƐ��&!'$��"ƃ	36

5�{Ė��&Ǝ�'�>]LAzSzgwzf9ŕ�$�ų1ǞËÈlNkVU&>]

LAzSzgwzf9ŕ��ų�3ö36$��� (Fig. 5-7)��|&źĥ�3�in situ dual 

DNA-HCRĶ'�ħœŌ& mRNA9ƛƜŚ%Ĩ�µƅ!�5 Ĕ��� 

 
5.4  �� 

� ĠšŨ!'�in situ dual DNA-HCRĶ&Ǝ�ñí9 CARD-FISHĶ&Ǝ�ñí"¹Ŧí,

!î|�5�"%ÿ¦��in situ dual DNA-HCRĶ�ƿŶ9ùƗ"�$� mRNAĨ�ā

Ƒ"� Ţū!5jXyLpu9Ğ� �5�"9ė3�%��� ,��in situ dual 

DNA-HCRĶ9ŕ� ŵŰƊĦ�& mRNA&ƛƜŚĨ�%0ÿ¦����3%�ĠĀĶ&

ōø"� �ƿŶ9ŕ�3$�ĀĶ!�5�/�CARD-FISHĶ!ŕ�5gwzf240ŷ

Ƅļƴû�ǝ�"ƃ	365�"1Ɗ��&�Ãûĺû&Õĺ9��5ùƗ�$��õ�

 �ĠĀĶ'�gwzf&ļƴû���÷œŌ1�Ãûĺû&Õĺ�Áǐ$÷œŌ& mRNA

&ƛƜŚĨ�%Ğ¨$ĀĶ!�4�in situ %
�5÷œŌœþƞĤ1œőØŚĺû¹Ù%

Ğ¨$Wzu%$5"ƃ	365��3%�ĠšŨ&>]LAzSzgwzf'�ľ¸Ë

È9Ğ� �5%0ǉ83�{ËÈlNkVU9ƨ¡!5ǝ�ōŗû9Ğ� �5�"

�ė3�"$���õ� �ųŻØŚ%Ī�$�ƀ%�ǘ�65ZuAy�ƞƊ& tmoA, 

todCƻ�Ö�3ŘŐ�� tmoA, todC mRNA9ŽƁŚ%Ĩ��5�"�µƅ%$5"ƃ	3

65� 
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H 6G In situ dual DNA-HCR=��A,0B?$� mRNA�OPD8' 

6.1  ��� 
� ŎÄòŏň%ŏōÑŗĩƂ5ōƜ�3$&�16S rRNAƴ�Ï$À���Ɯĝ &¹ǋ#

Â²��3�òŏň%ŏōÑŗĩƂ5Ɯĝ�3ďĲ!���ĨŗĩƂƴ�Ï5Ĩŗ!��

BorqƜĝ (Hales et al., 1996; Rotthauwe et al., 1997) /ƫæ &ŎÄx%� DNA5Żž

ŗ$Ɯĝ�3hNEZgƜĝ (Tyson et al., 2004; Venter et al., 2004) /�mRNA5Ɯĝ�3

UkqKBlaUrgƜĝ/�Nq]BƧ5Ɯĝ�3aoS>rgƜĝŬ�Á´�4��

3����#�1��41%ûĲ &DNA, RNA/Nq]BƧ5Ā�Ŭ�óƖ �3�-�

in situ $
�3òŏň%ŧǂ�â5ýć�3�!�v®Ƃ �3�FISHĲ&�ŎÄòŏň

%�Ǌ¿Ǔ5}�3�!#��Ĩŗòŏň5ŉŕŗ��ƙƚŗ$ģ��3�!� 3R

rm �3 (Amann and Fuchs 2008)��4+ $�òŏň%ŏōÑŗĵõ5ōƜ�3�!

� 3òŏň�% mRNA/ƹŲ5Ĩŗ!��ǖ÷è FISHĲ�����Á´�4��3 

(Kubota et al., 2006; Pernthaler et al., 2004; Pilhofer et al., 2009; Bakermans and Madsen, 2002; 

Kofoed et al., 2012)����#�1��41&ƿƽ%aor` �3dlYBn>PVao

r`5ő��ûĲ/�ÏƼ�Ë�ƹŲ5ő��ûĲ �2��Ĥ%Žǉ�/aor`%

ŴƁĸƬõ/aor`%ŉŕõ%¶ǏŬ�Á´�4�
2�įőõ�ǖ�!&Ɲ	#�%

�ŌŊ �3 (ū 2 ũ¨ņ)��� �ū 5 ũ$
��ƹŲªô5ő�#�ĎƘ%ƙƚŗ

mRNA ģ�üƐ%ǁŖ5Ə�� (ū 5 ũ¨ņ)�ęûĲ&�CARD-FISH Ĳ!³ţè%ƍ�

ìè �2�sÃÀfKeQP.Ƥ� 3ǖ�ŉŕõ5Ė���3�!�Ē1�!#�

��ęũ &�mRNA5ģ��3�-$ǁŖ5Ə�� in situ dual DNA-HCRĲ5ŎÄòŏ

ň$Ʋő®Ƃ#nbm+ êt�3�!5Řŗ!���ęûĲ5Ʋő��òŏň&�U

m<q�Ɯƈ!���Um<q�Ɯƈ

&�ůŸÑŗ$ÊÞ$�Ǒ��
2�

16S rRNAƴ�Ï$03Ɯĝ &�Ę¿

Ǔ%Um<q�Ɯƈ5ýć #�Â

²�Á´�4��3�ð���Um<

q�Ɯƈ5ģ��3ďĲ!��ĩƂƴ

�Ï5ĨƤ!��Ɯĝ��4��3� 

�4+ Á´�4��3Um<q�Ɯ

ƈ%Ê�& Pseudomonas Ü$Ü�3ò

ŏň �3���%~�Rhodococcus�

Comamonas�Acidovorax�VariovoraxÜ

Ŭ.³Ħ$Um<q�Ɯƈ!��Á´

��4��3�+��ƫæ & TM7$

 
Fig. 6-1 Initial attack in deferent pathway for the 
bacterial degradation of toluene. 
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Ü�3òŏň.Um<q�Ɯ$ǃw���3®Ƃõ��3!%Á´.�3 (Luo et al., 

2009)��41Um<q�Ɯƈ&�y$ BTEX$İğ���»Æ/Um<q5ǅ§���3

\9>l7BNr�1Á´�4��3 (Hendrickx et al., 2006; Hendrickx et al., 2006; 

Okunishi et al., 2012)� 

� Um<q�Ɯƈ$03Um<q�Ɯ&�ĕ�$ monooxygenase.��& dioxygenase$0

3ƆǔŎ%ƺ¥�.��& monooxygenase $037mAm�ƽ%ƺ¥�1Í+3�ƆǔŎ

%ĕ�%ƺ¥$ǃw�3ƹŲ&�tolune-4-monooxygenase�toluene/benzene-2-monooxygenase

©' toluene dioxygenase  �2�7mAm�ƽ%ƺ¥$ǃw�3ƹŲ& xylene 

monooxygenase �3 (Fig. 6-1)��4�4%ƹŲ%sƶ5FrV���3ĩƂƴ�Ï �

3 tmoA�tbmD�todC©' xylAƴ�Ï&�Um<q�Ɯƈ5ģ� 3er?rƴ�Ï!

��Ɯĝ$ő�14��3 (Hendrickx et al., 2006)��� �ęŞŦ &�ÒÓ��Um<

q%ŏňÑŗǅ§õƂ5Š�� down-flow handing sponge (DHS) l7BNr�%İĳ5Ą

¬� (xĚ1, 2012)�DHSl7BNr�%Um<q�Ɯƈ%ŉÓ©'Um<q�Ɯƈ%ƙ

ƚŗģ�5Ƣ,��ęŞŦ & tmoAƴ�Ï�1ŖŌ�3 tmoA mRNA©' todCƴ�Ï�

1ŖŌ�3 todC mRNA5Ĩŗ mRNA!���+��DHSl7BNr�$Ð¼�3Um<

q�Ɯƈ5�16S rRNAƴ�Ï©'ĩƂƴ�Ï (tmoA, todC, tbmD, xylAƴ�Ï) 5Ĩŗ!�

�BorqƜĝ$02Ē1�$���Ī$�ŉŕŗ#ģ��®Ƃ ��� tmoA-, todCƴ�

Ï�1ŖŌ��mRNA$×�� in situ dual DNA-HCRĲ5ő��mRNA%ƙƚŗģ�5Ƣ

,�� 

 

6.2  .[4= 
6.2.1. .[NJ�&S<>��� DNA1' 

� ęŞŦ ő�� DHS l7BNr5 Fig. 6-2
$Š��Ɯĝ×Ʀ% DHSl7BNr&�ǖ� 1 

m�řî 0.2 m %KSqnKƔ%?kg5ő�

�.% �l7BNr�$tƶ�xƶ�uƶ%

3 �%Fq]rUhqU5Ơ���3�Kdq

Jā�$&�ƷáuĮ5�ō����ĵõİĳ

5ĢŤ��Um<qŁè&�1000 ppmC (v/v) $

#30�$ƠÓ�l7BNruƶ�1Um<q

@K5ƮŹ�ŷ���+��ŨŲĽ!��Ã¥

7qiX:g (NH4Cl)�lqĽ!��lqƺ{

ĮŲ?l:g (KH2PO4) ©'lqƺĮŲ{?

l:g (K2HPO4) 5ĺ²��ĿĹ5ĠǓÃ!
 

Fig. 6-2 Schematic diagram of the DHS 
reactor used in this study.  
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��Um<q%łŲ!ƧƼĭ C:N:P=300:5:1$#30�$ƠÓ���l7BNrtƶ�1

ƮŹ�ŷ���DNAĀ�5Ə��İĳ&�Um<qǅ§ŋ� 80%�t5Ʊù���ō�Ò

Ó��ƀ	143ƯƩ 466đŘ%İĳHqam5Ą¬���16S rRNAƴ�Ï$À��òŏ

ňſǈĥƭƜĝ$ő���Ƣİĳ&�DHSl7BNr�%tƶ (l7BNrç�1 0.7 m)�

xƶ (0.4 m)�uƶ (0.2 m) % 3?ú�1KdqJ5Ą¬��PBS (137 mM NaCl�8.1 mM 

Na2HPO4�2.68 mM KCl�1.47 mM KH2PO4 [pH 7.4]) $ĸ�İĳ��#�#3+ ĉ¬���

ĩƂƴ�Ï%BorqƜĝ$ő��İĳ&�l7BNruƶ�1Ą¬���Ą¬��İĳ

% DNAĀ�$& ISOIL for Beads Beating (Nippon gene) 5ő���ĆŠ�4��3aoUF

rm$ľĂ�Ə��� 

 

6.2.2. 16S rRNA V%-*����!(RX#��;MV%-�:D��	� "!R
6 
� ęũ ő��ak9erLQU5 Table 6-1$Š��Bacteria% 16S rRNAƴ�Ï5Ĩŗ

!��BorqƜĝ$& EUB338F-U1492R %ak9erLQU5ő��PCR ƢƋ$&

TaKaRa Extaq Hot start Version (TaKaRa) 5ő���PCRªô& 95˚C 2�ǂ%�ėÈõ5

Ə��ï�95˚C-30Ţ�50˚C-30Ţ�72˚C-1� 30Ţ%H9Bm5 25H9BmƏ��ï�72˚C

 5�ǂªô����Um<q�Ɯ$ǃw�3ĩƂƴ�Ï%BorqƜĝ&�u% PCRª

ô Ə���tmoA�tbmD�todCƴ�Ï&�95˚C 5�ǂ�ėÈõ5Ə��95˚C-1��65˚C-1

��72˚C-2�%H9Bm5 30 (tmoA)�25 (tbmD)�35 (todC) H9BmƏ��ï�ĕï$ 72˚C

 5�ǂªô����xylAƴ�Ï& 95˚C 5�ǂ�ėÈõ5Ə��95˚C-1��60˚C-1��

72˚C-2�%H9Bm5 45H9BmƏ��ï�ĕï$ 72˚C 5�ǂªô����Åä��

PCRŐň&�MinElute PCR Purification Kit (QIAGEN�Tokyo�Japan) $02ŮƔ��TOPO 

TA Cloning Kit for Sequencing (Invitrogen) 5ő��BorXqC5Ə����%ï�Bor

q5Ņ�ń$Ƴÿ��±Borq%ÃÀƸ�5ıÓ���ÃÀƸ�%Ɯĝ&N?k\9>

ġé�šVkGqJ;ZfQBKLqNr$ÎƟ���16S rRNAƴ�Ï$À��Borq

Ɯĝ�1ñ14�±Borq&�Fast group II (Yu et al., 2006) 5ő��ÃÀƸ�%Ś³õ�

97%�t5³s% OTU!���Ǒ�����± OTU%�ƑƸ�©'ĩƂƴ�Ï%ÃÀƸ

�& NCBI% BlastŚ³õģųRrm5ő��ƫżŤ%ąÓ5Ə��� 

 
6.2.3. �!���T2 
� ęũ Ĩŗ!��ŎÄòŏň&�DHSl7BNr�%uƶ%İĳx$Ð¼���3òŏ

ň!���+��l7BNruƶ�1KdqJ5Ą¬��PBS $ĸ�İĳ5ĉ¬����

%ï�12% ]kcmg7mT^V5ĉ¬��İĳ$Ļ¢� (ĕŵŁè 4% ]kcmg7m

T^V)�Õļ 1ēǂ%ºÓ5Ə���ºÓ��Hqam&�hq`nq_8mNr (pore 

size :3µm) 5ő��vűňŬ5ǅ§��hq`nq_8mNr (pore size : 0.2 µm) 5ő�
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�İĳ�$ŏö���3òŏň5ǈƈ��ï�ř�$ÔǕ$���� 

 
6.2.3. 5EF�C�	� "� 
� ęŞŦ ő��aor`5 Table6-1$Š��ęŞŦ &�tmoA mRNA©' todC mRNA

5Ĩŗ!��aor`5ő��� 

 
6.2.4. In situ dual DNA-HCR= 

� _8mNr$ºŜ���ºÓHqam5�ƎŃ7@orK ¤½����_8mNr&

60˚C zŇï�50�80�96 %% EtOH$�4�4 3�1�1�$ĸ��ƃĮ5Ə���[9

`lO9MrIjq\Q_6r1 (20 mM Tris-HCl, 0.9 M NaCl, X% formamide, 0.01% SDS, 

10% dextran sulfate, 1% blocking reagent) $ĕŵŁè 0.5 µM $#30�$9XI<rNr

aor`5ĺ²���±ť$ 15 µl ŀu��46˚C 2ēǂ�t|ǉ�����%ï�Kk

9V&�48˚C%[9`lO9MrIjq\Q_6r (20 mM Tris-HCl, X M NaCl, 0.01% 

SDS) $ 30�ĸ��Ĵķ5Ə����%ï�7qal_69DrIjq\Q_6r (50 mM 

Na2HPO4, 0.9 M NaCl, 0.01% SDS, 10% dextran sulfate, 1% blocking reagent) $ƍ�ňƧ5Ĩ

Ƥ�� D1©' D25ĕŵŁè 2.5 µM $#30�$¢	�46˚C 30�ǂ|ǉ���IC

WmÅä������#aor`%Ĵķ&�PBST (1xPBS, 0.05% tween20)  4˚C�10�ĸ

�Ĵķ5Ə��MQ 1�ǂĸ����%ï�2·Ř%�ƿ5Ə��-�7qal_69D

rIjq\Q_6r$ƍ�ňƧ5ĨƤ�� C1©' C25ĕŵŁè 2.5 µM $#30�$¢

	�46˚C 30�ǂ|ǉ���2·Ř%ICWmÅä5Ə���ĕï$�PBST 4˚C�10

�ĸ�Ĵķ5Ə��MQ 1�ǂ�EtOH 1�ǂĸ��ǒz���� 

 

6.2.5. Z0WQ/ 
� CARD-FISHĲ©' in situ dual DNA-HCRĲ$ő��Hqam&�ƕƅǄī� (ProLong 

Gold Antifade Reagent with DAPI, Invitrogen)  Ø�ï�ǐòƾƛÖ$����ǐòƾ$&�

ƉÙƍ�ǐòƾ BX-53 (OLYMPUS) 5ő���ś%Ċí$& CCD ?hk VB7010 

(KEYENCE) 5ő��� 
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6.3  .[I7*�L/ 

6.3.1 16S rRNAV%-+
� DHS����"<>�0B?KY9UR6 
� \BSl75Ĩŗ!��BorqƜĝ ñ14�Borq%ǀǘźnbm %�ǑŶ

Ğ5 Table 6-2$�+� DHSl7BNr� �¦����BorqƸ�% BlastŚ³õ

ģųŶĞ5 Table 6-3$Š��±İĳĄ¬Âú% OTU5ıÓ��ŶĞ�tƶ�xƶ�u

ƶ$
���4�4 42�47�52% OTU�ñ14��±İĳĄ¬Âú$03 OTUČ$&

à�Ɨ14#����16S rRNAƴ�ÏƸ�$À��ůŸƜĝ%ŶĞ��(�%İĳĄ¬

Âú Proteobacteriaǀ�Bacteroidetesǀ�Verrcomicrobiaǀ�Firmicutesǀ$Ü�3Bo

rq�Ð¼�����BorqƸ�%ǀǘźnbm %�Ǒ &�İĳĄ¬Âú$03ò

ŏň%Ð¼ ²���4%ŭú!.)*³� ����ŉ$�ÊŤ%Um<q�Ɯƈ�

Ð¼�3 Proteobacteriaǀ (Zeyaullah et al., 2009) $Ü�3Borq&��(�%İĳĄ

¬Âú 50%�tÐ¼�����±İĳĄ¬Âú Ê�Ð¼���� 16S rRNA ƴ�Ï

Borq% BlastŚ³õģųŶĞ�Đŝ%Um<q�Ɯƈ!ƀ	143 PseudomonasÜ$

Ü�3òŏňſ (Hendrickx et al., 2006) ©'Ėĩƺ�Ɯƈ �3 Bacteroidetesǀ$Ü�

3 Acidovorax caeni (Keylen et al., 2008) %ƫżŤ#"��¦��Ð¼�����!�Ē1

�!#���Um<q�Ɯƈ!��ƀ	

143sƶ% Pseudomonas Ü&�(�%

HqamĄ¬Âú Ð¼��
2�ŉ$

Um<q@K%Ķ�$ƫ��Um<q

Łè�ĕ.ǖ�!ƀ	143l7BNr

uƶ &�Um<q�Ɯƈ!ƀ	143

P. putida F1%ƫżŤ���Borq% 5%

ţè (79 Borqx 4 Borq) 5¦-

�����%ŶĞ02�P. putida F1%ƫ

żŤ� DHSl7BNr$
�3Um<q

�Ɯ$ǃw�3!ƀ	143y#òŏň

 �3!şƣ�4��+��Um<q&

meta .��& ortho ǁƒ$03Ŏǁƒ$

0��Ėĩƺ$�Ɯ�43�Ėĩƺ�Ɯ

ƈ!��ŝ14��3 A. caeni (Keylen et 

al., 2008) ��¦Ť%Ǘ�!��ģ��4

�Ɩ¸!���Um<q�Ɯƈ$0��

ŏù�4�Ėĩƺ� A. caeni $0���

Ɯ�4����!$ƨ¸���3!ƀ	

Table 6-2. Bacterial 16S rRNA gene clones 
retrieved the DHS retained sludges. 
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143�+��ĈŖõĖĩ¥²ň%sŤ �3�-pinene 5ŏňÑŗ$�ō���3l7

BNr�$.Ėĩƺ�Ɯƈ% 1�!�� A. caeni�ģ��4��3 (Cheng et al., 2011)�

�%~�Um<q�Ɯƈ!��ƀ	143 Mycoplana bullat� Nevskia sp.$ƫż#Bor

q�l7BNrxƶ©'uƶ 2-3%ţèÐ¼���� (Velen et al., 2012; Juteau et al., 

1999)� 
 
6.3.2. ;MV%-+
� DHS����"<>�0B?KY9UR6 

� Um<q�Ɯƈ!��ƀ	143ÊŤ%òŏň�Ð¼����l7BNruƶ%İĳ

5ő���Um<q%ƺ¥�Ɯ%ĕ�%ªô5ā�ƹŲ%sƶ5FrV���3ĩƂƴ

�Ï (tmoA�tbmD�todC�xylA) $À��BorqƜĝ5Ə��±ĩƂƴ�Ï5Ė��

�3òŏň%ŉÓ5Ƣ,��+��PCRĲ$02±ĩƂƴ�Ï%Åä5Ƣ,�� xylAƴ

�Ï%,ƴ�ÏÅä�Ɨ14#����xylA ƴ�Ï5Ė��Um<q�Ɯƈ&~%Um

<q�Ɯƈ!Ū²��Â²�ÅĬ�3�!�¹ǋ �3�!�ŝ14��3 (Duetz et al., 

1994) �xylAƴ�Ï&�ĢŤİĳ$ő��ĵõİĳx$&Ð¼�����!�1 (TrN

ǌƑŠ)�l7BNr� ~%Um<q�Ɯƈ!Ū²��ŶĞ�xylAƴ�Ï5Ė��òŏ

ň&ÅĬ�Ĝ#���% &#��!ƀ	143�ƴ�ÏÅä�şƣ � tmoA�tbmD�

todCƴ�Ï%BorqƜĝ%ŶĞ5 Table 6-4$Š��tmoA�todCƴ�Ï5Ĩŗ!��

ak9erLQU &Ĩŗƴ�Ï%Borq�ñ14���tbmDƴ�Ï5Ĩŗ!��a

k9erLQU &�tbmDƴ�Ï &#� phenol hydroxylase$ƫż#ƴ�Ï�ñ14

��Phenol hydroxylase &�_;ZrmǑ5�Ɯ�3ƹŲ �2�_;ZrmǑ&

Monooxygenase$03Um<q�Ɯ%ưţ$
��ŏù�43�!�ŝ14��3 (Fig. 
6-1)�+��Phenol hydroxylase&�tbmDƴ�Ï!ǖ�Ś³õ5Ė���3�!�ŝ14

Table 6-3. Analysis of selected clones from clone libraries constructed with amplicons from 
each sludge of DHS reactor. The closest match was determined by a BLAST analysis of 
GenBank 
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�
2�ĐÁ$
��.³Ħ%ŶĞ�ñ14��3 (Hendrickx et al., 2006)� 

� tmoAƴ�Ï5Ĩŗ!��BorqƜĝ & Pseudoxanthomonas spadix BD-a59ġ%.�

tmoAƴ�Ï%ÃÀƸ�!Ś³õ 87%%Borq��todCƴ�Ï5Ĩŗ!��BorqƜ

ĝ & Pseudomonas sp. LUN2ġ%.� todCƴ�Ï%ÃÀƸ�!Ś³õ 99%%Borq

��¦ŗ$ģ��4��16S rRNAƴ�Ï5Ĩŗ!��BorqƜĝ ģ��4�Um<

q�Ɯƈ P. putida F1ġ& todCƴ�Ï5Ė���3�!�ŝ14��3� (Hendrickx et 

al., 2006)�todCƴ�Ï5Ĩŗ!��BorqƜĝ &ģ��4#����ĐÁ$
��

. 16S rRNA ƴ�Ï©'ĩƂƴ�Ï%ƜĝŶĞ�sƄ�#��!�Á´�4��3 

(Okunishi et al., 2009)��%Ɩ¸!����Ŵƈ% 16S rRNAƴ�Ï5Ĩŗ!��Bor

qƜĝ &��(�%Um<q�Ɯƈ5ýć��4#���®Ƃõ�ƀ	143�+��

16S rRNAƴ�Ï5Ĩŗ!��BorqƜĝ &ģ��4#��� tmoAƴ�Ï5Ė��

òŏň&�tmoAƴ�Ï5ģ��3�!� 3ak9erLQU5ő�3�! ģ��

3�!�®Ƃ �����%ŶĞ02�DHSl7BNr�%Um<q�Ɯƈ&�16S rRNA

ƴ�Ï5Ĩŗ!��BorqƜĝ ģ��4�Um<q�Ɯƈ!��ƀ	143 P. 

putida F1ġ, Mycoplana bullata/ Nevskia sp.�É%Um<q�Ɯƈ$0��.Um<q�

�Ɯ�4���®Ƃõ�ǖ��!�Ē1�!#��� 
 

 
 
 

 
 
 

 
 
 

 

Table 6-4. Nearest match strain for each function gene based on cloning analysis by using 
each primer set 
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6.3.3. ���!(RX#��A,0B?� mRNA�OPD8' 

� l7BNr�$
�3òŏňſǈĥƭ

Ɯĝ%ŶĞ�tmoA�todC ƴ�Ï5Ĩŗ!

��ak9erLQU ŉŕŗ#±Ĩŗ

ƴ�Ï%ģ��®Ƃ ����+��ęû

Ĳ%ƲőĖ£õ5ơ��3�-$�

CARD-FISH Ĳ5Ʋő�3Ǉ$ƀø�3ó

Ɩ��3ƈ��%�¼õ HRP ĵõ$��

�şƣ����%ŶĞ�aor`5ŀu�

�!.PkfVªô�ñ14�ƈ��1ƍ

��ñ14� (Fig. 6-3)�ð���ęŞŦ

$ő��Hqamx$&�¼õ HRP ĵõ5Ìĵ��3óƖ��3òŏň�Ð¼���3

�!�Ē1�!#���ęŞŦ &��¼õ HRPĵõ5Ìĵ��3ċ��óƖ#� in situ 

dual DNA-HCRĲ�òŏň5ƙƚŗ$ģ��3Ǉ$&Ė£ �3!�č��tmoA�todC ƴ

�Ï5Ĩŗ!��_=prVak9er%ŚƓƽƸ�59XI<rNraor`$ă��

� in situ dual DNA-HCRĲ5ęŞŦ$ő��ŎÄHqam$Ʋő����+��Kk9V

t in situ dual DNA-HCRĲ5Ʋő��ŶĞ�ƈ��É%vűň�Ê�Ð¼��
2�ƈ

�%ŉÓ�¹ǋ ����Hqam�%vűň%ǅ§&�hq`nq_8mNr (pore size : 

3 µm) 5ő��Ə����%ŶĞ�ƈ�%,5·«�3�!$ù¡������#�1�

·«��ƈ5ő��ÔǕ5Ə����Kk9Vt�1ǌŉŕŗ#ƍ��ñ14��+��

�%ǌŉŕŗ#ƍ�&�9XI<rNraor`%ĖŅ$ǃ�#�ñ14��ð����

ƿaor`%ĴķďĲ$¶Ǐ��3!ƀ	�ŔǍĵõ� �3 tween20 5�ƿaor`%

ĴķĹ$Ļ¢��ǌŉŕŗ#ƍ�%ǅ§5Ƣ,���%ŶĞ�0.05% tween 205ĴķĹ$

Ļ¢�3�! ǌŉŕŗ#ƍ�%þ�$ù¡����4+ %ģƞŶĞ�1ñ14�ĕƲ

ě�5ő�� in situ dual DNA-HCRĲ5ŎÄHqam$Ƣ,���ƈ��1ƍ��ñ14

#����òŏňƜĝ%ŶĞ�1 todCƴ�Ï5Ė��P. putida F1ġ$ƫż#Borq&�

Ű 5%ţè��Ð¼��
1��+� tmoAƴ�Ï5Ė��òŏň& 16S rRNAƴ�Ï5Ĩ

ŗ!��òŏňħƜĝ &ģ��4��#��!5ƀø�3!�Hqamx$Um<q�

Ɯƈ�Ð¼���3 ²�ǌã$Û#�!ƀ	���� �Kk9Vt$7ak9���

3Ƽ�Û#�% &#��!ƀ	�hq`nq_8mNr (pore size : 0.2 µm) 5ő��_

8mNrt$ƈ�5·«����%ŶĞ�Kk9Vt Ə�02.Ê�%ƈ�$×�� in 

situ dual DNA-HCR Ĳ5Ʋő 30�$#���+��Ŵƈ%�Ƒŗ#|ǉƶ� �3

EUB338ǎ¾$×� in situ dual DNA-HCRĲ5Ʋő���ŶĞ�|ǉ��aor`œĜ%ƍ

�5ñ3�!$ù¡����%ŶĞ02�ŎÄHqam%ºÓďĲ/ in situ dual DNA-HCR

Ĳ%aoUFrm$¶Ǐ#��!�Ē1�!#���Ī$�in situ dual DNA-HCRĲ$03

 
Fig. 6.3 False positive signal by endogenous 
peroxidase activity. Each double panel depicts 
DAPI staining (left) and epifluorescence (right) 
showing identical fields. The bar represents 10 
µm. 
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tmoA mRNA%ƙƚŗģ�5Ƣ,�Ŷ

Ğ�sƶ%ƈ��1ƍ�5ñ3�!$

ù¡�� (Fig.6-3, A)��1$�òŏ

ňſǈĥƭƜĝ%ŶĞ02 tmoAƴ�

Ï5Ė��Um<q�Ɯƈ02.Ð

¼Č�Ê�!ƀ	143 todCƴ�Ï

5Ė��Um<q�Ɯƈ% todC 

mRNA %ƙƚŗģ�5Ƣ,���%

ŶĞ�_8mNr�1ǌŉŕŗ#ƍ�

�ñ14���sƶ%ƈ��1.ƍ�

�ñ14�(Fig.6-3, B)�+���4

1%ƍ�&�9XI<rNraor`

5ő�#�ů &ñ14#��� 

(Fig.6-3, C)�ð���ñ14�ƍ�

&�tmoA, todC mRNAœĜ �3!�

č��� 
 
6.4  ��� 
� ęũ &�in situ dual DNA-HCRĲ

5 mRNA $Ʋő��3ŎÄòŏň%

ƳÓ©'\9>l7BNr�%Um

<q�Ɯƈ%ƙƚŗ mRNA %ģ�5Ƣ,��+��Um<q@K5�ō���3 DHS l

7BNr%òŏňſǈĥƭƜĝ5Ə��ŶĞ�16S rRNAƴ�Ï5Ĩŗ!��Â²�l7B

Nruƶ$Um<q�Ɯƈ!��ƀ	14��3 P. putida F1$ƫż#Borq�Ű 5%Ð

¼������1$�ĩƂƴ�Ï5Ĩŗ!��Ɯĝ &�16S rRNAƴ�Ï5Ĩŗ!��B

orqƜĝ &ñ14#���Um<q�Ɯƈ5ýć�3�!�®Ƃ ����ð���

ęŞŦ$ő�� DHS l7BNr�$&ÊŤ%Um<q�Ɯ�ŏö���3�!�Ē1�

!#���Ī$�Um<q�Ɯƈ�ŏö���3!ƀ	143 DHSl7BNr�%Um<

q�Ɯƈ% mRNA5 in situ dual DNA-HCRĲ5ő��ƙƚŗģ�5Ə����%ŶĞ�_

8mNr�1ǌŉŕŗ#ƍ��ñ143��Um<q�Ɯ$ǃw�3ĩƂƴ�Ï �3

tmoA, todCƴ�Ï�1ŖŌ�� tmoA, todC mRNA%ƙƚŗģ�$ù¡��� 

 

)L3@ 
Amann, R. I. and Fuchs, B. M. (2008). Single-cell identification in microbial communitities by 

improved fluorescence in situ hybridization techniques. Nature reviews 6, 339-348. 
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� 7� �� 

7.1 �������� 

� ßēę�!�Ôľ ķ�§¸ÉĹ��� HCRö�đď���éĉă rRNA�# mRNA

0íĎ���Ô��ŰÅ¹ FISH ö šč0ĸ���%��Ib6f0ĉă�Ł���-

O47a28Cg� ¿ĉăĮŦëŖŁâ0ĸ��¿ĉă ïı�Ġħ�hĲ���Ib

6f�ŁĶ0Ą°�-��(��a28Cg��ĉÃ���-Ib6f�ŁĶ mRNA 

ĿŀĎê��Ň&�� 

� %��ĝ 3 Ĝ�! HCR ö0Ċ���éĉă rRNA 0íĎ���ŰÅ¹ FISH (in situ 

DNA-HCR) ö šč0ĸ��šč�� in situ DNA-HCR ö ĄŠ0ÊÍ���In situ 

DNA-HCR ö�Ċ��TdgS!�FISH TdgSŜ�� HCR �Á�Ċ�-4K>6gC

gŜ�0ĥ&�/��4K>6gCgTdgS�# Choi +�ŅŃ��uŠTdgS0

RNA
+ DNA�ªÛ��uŠTdgS0Ċ���%��in situ�	�- HCR�Á!�HCR

�Á�Ċ�-�ÁĀ¹)�ÁÚŢ êń0ĸ�Üŗ����� Ħã�in situ DNA-HCRö

 ķ�º¹!�FISH ö�¾+.-ķ�º¹*,(ġ 8 �ė¹Ű
���%��in situ 

DNA-HCRö�Ċ�-4K>6gCgTdgS ĄČÂ�#Ì�!�FISHö��ė¹��

,�FISH ö�Ċ�-oŧàs��ė¹�ŗĊ�-����ı������+��in situ 

DNA-HCRö�Ċ�-TdgS ĤİûŔÂ0Methanosaeta concilii�# Bacillus subtilis0

Ċ��Ĕŉ��Ħã�CARD-FISHö�Ċ�-TdgS*,(ĤİûŔÂ�Ű����Ø+


�����ßēę�*,��éĉă0´Ō��� DNATdgS0Ċ�� HCRö�*-

ŰÅ¹ FISHö0šč�-���Ç���ŰÅ¹ FISHö���óĊÂ�Ű���0£��

�� 

� ĝ 4Ĝ�!�ĝ 3Ĝ�šč0ĸ�� in situ DNA-HCRö0Ĉ¦=fTb�ŗĊ��Ĉ¦

=fTb�´�-ŗĊ�ıÂ����£����\HbĈ¦¿ĉă�!�w rRNA �Ýş

 ¿ĉă�«¯��-���£��.��-úøm�ĉÃ�-ĤĶ�#òÂ9`K^

gbô÷�#òÂü�ô÷� �ĤĶ0Ċ���%��Ĥİ¨�ć0Ö��úøm Ĥ

Ķ0íĎ���¤��in situ DNA-HCRö ê�ą!�CARD-FISHö��ė¹ ê�ą0

¾-���Ç����� Ħã
+�in situ DNA-HCRö!�CARD-FISHö��ì�ŰÅ

¹ FISHö���ōçŮĈ¦j�ĉÃ���-¿ĉă�ŗĊ��-���Ø+
�����

�+��òÂü�ô÷��ĉÃ��hĳĎ�Ĥİ¨�ć Üŗ���ũ��-�ĤĶ�

´�� in situ DNA-HCRö0ŗĊ���Ħã�CARD-FISHö) FISHö*,(Ű�ê�ą

0ĕ���½���in situ DNA-HCRö!�w rRNA�Ýş�µ���ĤĶ�´��Ą�Ý

��Èö��-�ł�-��+��òÂü�ô÷� ĤĶ, �ĤĶ�# Methanosaetaceae

Ė [CfĉÇ�ĤĶ �Úåĵ�(Ç���� in situ DNA-HCR ö0 FISH ö)

CARD-FISH ö *��«Şåĵ bgG3feg8���zĊ��-ÉĹ���Ĕě�

�� 
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� ĝ 5Ĝ�!�TdgS ĤİûŔÂ�Ű� in situ DNA-HCRö0ÐĴ��¿ĉă ïı

0ÊÍ�-����ı� mRNA 0íĎ���ĿŀĎ mRNA ê�ÉĹ  (in situ dual 

DNA-HCRö)  šč0ĸ��šč�� in situ dual DNA-HCRö ĄŠ0ÊÍ���HCR

�*-ķ�§¸!�ĝ 3Ĝ�#ĝ 4Ĝ�Ċ��uŠTdgS�Ô��4K>6gCgŜ�

0ĥ&���uŠTdgS�#� 4K>6gCgŜ�
+uŠ�Á0ĕ�uŠTdgS

 Ń 4 � uŠTdgS0Ċ��ĸ���%��RNA  ÿµĞ�Ľ+.�Îy�²Ù�

EUB338 ū 0íĎ����TdI;gb Üŗ�0ĸ���� Ħã�N4SaD4B

g>_fOFR1g�#uŠ�Áý�dextran sulfate�#blocking reagent0��-���ŭ

ŐĎ�ķ�§¸�Ľ+.�in situ DNA-HCRö�ñŒ��ġ 3�ė¹ ķ�º¹0¾-��

�Ç�����+��� ķ�º¹!�CARD-FISH ö��ė¹��,�éĉă mRNA

0ĿŀĎ�ê��á-WGf>]b0Ý���-���Ø+
�����ð��íĎ mRNA

���Ib6f�Ł�ţl�-ïıřt®��- tmoA, todC řt®
+čĆ�- tmoA, 

todC mRNA 0Ř°��� mRNA �oŧ�-4K>6gCgTdgS ŅŃ0ĸ���

4K>6gCgTdgS ŗĊ�ıÂ!�Clone-FISHö0Ċ��ņ|���� Ħã�Ņ

Ń��4K>6gCgTdgS!��� mRNA�oŧ�ķ��¾+.��' in situ� 

ê��ŗĊ�ı��-��Ó���%��� 4K>6gCgTdgS!�h¥¢Y@X

FE0ŋ���-Ū·�Ű�ĄČÂ0Ý����-���Ø+
�����%��ßÈö

0Ċ��ĢğĶèm todC mRNA ĿŀĎê��(Ç���� 

� ĝ 6Ĝ�!�Ôľ mRNAê�ÉĹ���šč0ĸ�� in situ dual DNA-HCRö Ĉ¦=

fTb�´�-ŗĊ�ıÂ����£����%��íĎ¿ĉă0Ř°�-�'��Ib

6f�Ł0ĸ���-O47a28Cg� ¿ĉăĮŦëŖŁâ0ĸ��Ib6f�ŁĶ

0ÊÍ���� Ħã�Ċ��O47a28Cg��! todCřt®0Ý���-���Ē

+.��- P. putida F1è�œī�8dgf�ġ 6%¯����-���Ø+
�����

%��ïıřt®0íĎ��8dgfŁâ
+ tmoAřt®0Ý��¿ĉă(� O47a

28Cg��ĉÃ���-���Ø+
���������� O47a28Cg��¯

����-Ib6f�ŁĶ� tmoA, todCřt®
+čĆ�� mRNA�´�� in situ dual 

DNA-HCRö0ŗĊ���Ĉ¦¿ĉăm mRNA ĿŀĎê�0Ň&��� Ħã�ŪĄ

ČĎ�ķ��«Ľ+.-(  hś Ķx
+ķ�0¾-���Ç���� 

 

7.2  ��	
��� 

� ßēę�!�ķ�§¸ÉĹ�ŝģ�Á0Ċ��� HCRö0ùĊ�Ô��ŰÅ¹ FISHö

 šč0ĸ���ßēę�šč0ĸ��¿ĉăĿŀĎê�ÉĹ!�¿ĉă �°��ı�

rRNA0íĎ���ÉĹ (in situ DNA-HCRö) �#¿ĉă ïı0ÊÍ�-����ı�

mRNA0íĎ���ÉĹ (in situ dual DNA-HCRö)  n���-�ßēę�šč�� rRNA

�# mRNA 0íĎ���ŰÅ¹ FISH ö�½á ŰÅ¹ FISH ö ţ}0 Fig. 7-1 �# 
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Table 7-1, Table 7-2�ßÈö ŗĊ�ı�ēę0 Fig. 7-2�ĕ�� 

� %��rRNA0íĎ��� in situ DNA-HCRö!�½áŰÅ¹ FISHö �Ŭā����

TdgS ĤİûŔÂ0Łõ�-����ı��h Õö��-�į���-��.%�

��� �Ŭ0Łõ�-Õö���7a<L8c7EJTdgS ĻÑ ķ�ăŎ0íŋ

�-Õö���
£��.��- (e.g. DOPE-FISHö)��
���+�DOPE-FISHö 

ķ�º¹!�FISHö�ñŒ�� 2�ė¹Ű��£��.��-���.�(ķ�º¹�k

����,ōçŮĈ¦j�ĉÃ�-¿ĉă�!ŗĊ��ũ��-�į�+.-�½���

TdgS ĤİûŔÂ�Ű FISH ö�ñŒ��ġ 8 �ė¹ ķ�º¹�¾+.- in situ 

DNA-HCRö!�ŰÅ¹ FISHö h� 7T>_f��-������.%�ê���

ũ����¿ĉă ê��Ý��Èö��-�į�+.- (Fig. 7-1, Table 7-1)�%��in 

situ DNA-HCRö�*-ê���ũ�¿ĉă�!�ŕ· FISHö�ñŒ��ġ 24�ė¹

Ű�ķ�º¹0Ý��mRNA���� rRNA�(ŗĊ�ı��- in situ dual DNA-HCR

ö0ŗĊ�-����ê��²Ù��-�į�+.- (Table 7-1)� 

            
Fig. 7-1. Schematic diagram of FISH. In situ DNA-HCR and in situ dual DNA-HCR were 
introduced in this study 

 Table 7-1. Comparison of FISH methods for detecting rRNA in prokayotes 
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� %��rRNA 0íĎ���ßÈö!�¿ĉă��ĺĬ�ĥ&�/��>f9bAb?5

MYF8@Łâ�*-Þ¡Ů¿ĉă :MZŁâ��ı��- �!��
�į���-�

Ć��w rRNA�Ýş¿ĉă ēę�!�CARD-FISHö�ŗĊ�.��-��Îyi H2O2

) HClĞ DNA�D[g?0l���-�ıÂ��-�%��DNA�#CfP8Ŏ0ä

î��-P`VbZ2bHQJ�*-�°�!�Rdg=4I[gCg�����¿ĉă

� DNA �ş�ÿµ�-��(£��.�	,�¿ĉă �:MZ0ÊÍ�-�'�!

�°Îy0Ś�-Àļ��-�½���TdgS ûŔÂ�w� CARD-FISH ö�!:M

ZŁâ�!ŗ������½���ĤİûŔÂ�p Èö�ñŒ��Ű�DNA�D[g

?0l���ßÈö!�� *��:MZŁâ�(ÁĊ�-����ı��-�į���

-�� p�ßÈö ŗĊÕö���!�úø=fTbĞ �(�( rRNA  7UdfÑ

�µ� rRNA  čĆş�µ��¿ĉă �Ũ¡Ů�	�-ŦĘ¹ ĔŉĞ�(æő�ŗ

Ċ��-�į���-� 

� ð��mRNA0ê��ı�ÔľŰÅ¹ FISHö��- in situ dual DNA-HCRö!�ŝģ�

Á0Àļ����7a<TdgS0Ċ�� mRNA ê�ÉĹ����h Õö��-�į

�+.- (Fig. 7-1)�ŝģ�Á0Ċ���ŰÅ¹ FISHö���RING-FISHö��hmRNA

�ŗĊ�.��-Èö��-��
��RING-FISHö!�WaL8c7EJTdgS0Ċ

�-Õö��-�'�Ű�ĄČÂ0~�����ũ��-�½���ßēę�ŗĊ��

mRNA ì�h¥¢Y@XFE0ŋ��-Àļ��-¤�!�WaL8c7EJTdgS

� ŗĊ��ũ��-�į�+.-�7a<L8c7EJTdgS0Ċ��Õö���!�

CARD-FISHö�£��.��-��
��CARD-FSIHö!��®ş�¬��ŝģ0Ċ�

-�'Ĥİ¨�ć�Àļ��,�%�� ŝģ�*-ÏťÂ ķ��¾+.-¤�(£�

�.��-�½���ßēę�Ċ��ÏťÂ0ĕ�Ĉ¦=fTb$ ŗĊ)ĤİûŔÂ�

w�¿ĉă�´���Ą�ŝģ�Á)WaL8c7EJTdgS0Ċ���ßÈö!�Ý

��Èö��-�į�+.- (Table. 7-2)� 

� �+��DNA-HCR �Ċ�-uŠTdgS!�4K>6gCgTdgS
+ĄČĎ�u

Š0ĕ����Ø+
�����½���ĻÑ 4K>6gCgTdgS�#uŠTdg

 Table 7-2. Comparison of FISH methods for detecting mRNA in prokayotes 
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S0ĊÄ�-�����Ú�Č�-íĎ0ê��-����ı��-�½���mRNA�

rRNA  �ÚåĵĞ «Şåĵ(½á Èö�ñŒ��²Ù��-�į���- (Fig. 
7-2)��.%�� CARD-FISHö�*-«ŞåĵÕö�£��.��-��«Şåĵ0ĸ�

�'�!Ăŧ�Îy�Àļ��,�ĤİûŔÂ)ŝģ�*-ÏťÂ ê�Ğ �Ŭ
+ŗ

Ċ�Ťċ�ĉ�-¤��į�+.-�%��� *��Îyi �Ŭ
+��.%��

mRNA�©)ïıřt®�© �Úê�!£��.�����ßēę�Ç���mRNA�

©)ïıřt®�©0�Ú�ê��-����ı��."��.%�ri� in situ�	�

-ňĤ�Łâ��ı��-�į���-�{�"�ßēę�íĎ���Ib6f�ŁĶĞ

 16S rRNA 0íĎ���Łâ�!ïı0Ĩĭ����¿ĉăĮ ¿ĉăïı�Ą���

¿ĉăŢ�© ĚŢ�¶ ÊÍ��ı��-�%��rRNA0íĎ��� in situ DNA-HCR

ö��ì�¿ĉă��ÉĹ�(ĥ&�/�-��(�ı��-�į���-��.+0ŏ

%�-��ßēę�šč0ĸ�� HCRö0Ċ��ÔľŰÅ¹ FISHö (in situ DNA-HCRö

�# in situ dual DNA-HCRö) !�Ĉ¦¿ĉă ê�0²Ù��-�����ì��Łâ

Õö�ĥ&�/�-��(�ı��-�'�Þ¡Ů�ũ¡Ů¿ĉă ĉÆŁØ�¬�³

l�-( �į�+.-� 

� Ü¼��ßēę�šč0ĸ�� in situ DNA-HCRö�# in situ dual DNA-HCRö�½á 

HCRö0Ċ�� FISHö� ñŒ0 Table 7-3�ĕ��×» £��!�HCRö0Ċ��

FISHö!Đéĉă�ŗĊ�.��-��éĉă rRNA�ŗĊ�.�HCR-FISHö!�RNA

TdgS0Ċ���-�'±ůÎy�Ăŧ��,�%��4K>6gCgTdgS oŧ

às!êń�.�����ßēę�šč��ÉĹ!�4K>6gCgTdgS ĄČÂ0

Ø+
���	,�4K>6gCgTdgS oŧàs0ªÛ�-���ŕ· FISH ö

���*��ì��íĎśv�ŗĊ�ı��-�Ü¼�ßēę�šč0ĸ�� 2 � Ôľ

ŰÅ¹ FISHö TdI;gb0þq��ßŊÒ0Ī',����� 

 Table 7-3. Comparison of novel sensitive FISH in this study and HCR-FISH of previous 
studies 
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Fig. 7-2. A guide for solving frequently encountered problems with FISH. In situ 
DNA-HCR and in situ dual DNA-HCR were introduced in this study 
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In situ DNA-HCR –Yamaguchi et al., 2014- 
Reagent�

'PBS 

'1% low melting point agarose 

'1 M Tirs-HCl 

'5 M NaCl 

'formamide 

'10% SDS and 0.01% SDS 

'500 mM Na2HPO4 

'TNT (0.05% tween 20 in 100 mM Tris-HCl, 150 mM NaCl) 

 

 

Sample preparation  
For slide 

1. 1.5 mL tube5¨³QreoD x volume�1xPBSD (1-x) volume, 0.01% SDSD 0.1 volume

��A� 

2. 0.1 volume 6 1% low melting point agaroseDÖ5���60˚CĄ»2�ò(A� 

3. SmH]5FemH&�60˚C2 10�ĭĄ»zô%*A� 

4. zô%*.Qreo7�50, 80, 96% EtOH5,B-B 3, 1, 1�ĭé&Đä%*A� 

5. ķz%*A� 

�

For filter 

6. ¨³QreoDıĔ&.cGoVsD´ĸÛ�5¡C*1MY\(A� 

7. 0.1% low melting point agarose5é&.Á�bmcGogu2Ģ*�60˚C2 10�ĭĄ»

zô%*A� 

8. zô%*.Qreo5 50% EtOHDïv&�bmcGog�?cGoVsD� (�ĺ=

/"@�0ÉĨ5ę�Ļ 

9. ,6Á�50, 80, 96% EtOH5,B-B 3, 1, 1�ĭé&Đä%*A� 

10. ķz%*A� 

�

Permeabilization (if necessary: but gram-positive cells were required) 
1. ķz%*.¨³Qreo5X mg/ml6 lysozyme<X mg/ml proteinase K Ĉ6×ĥ�&.

ð»2×ĥ�&.�ÅÓĭ2�øDę�� 

2. ċď«�ø ČC/.Qreo7�TNT5 15�ĭé&çè(A (µì)� 
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� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  

3. Ö5�MQ5 1�ĭé&�EtOH5 1�ĭé&1ķz%*A� 

�

Hybridization and Washing of initiator probe 

1. `HdnWHUsRlraYcEsD�Ê(A�×Čð»2 20 mM Tris-HCl, 0.9 M 

NaCl, X% formamide54A>�5 2 mL tube (çèD NaCl2ę�©¡) ;&"7 50 mL 

tube (çèD formamide2ę�©¡) 5ĞėD��A�MQ2 2, 50 ml5hSFYe&.

Á�0.01% SDS54A>�5 10% SDSD��A� 

2. �Ê&.`HdnWHUsRlraYcEs�? 10-100 µlĄ»3@�,$5×Čð»

2 0.5 µM 54A>�5H^RKsVsepsdD��A� 

3. 50 mL tube5OgqHeDÏ!�,$5`HdnWHUsRlraYcEsD 10 mlĄ

»���`HdnWHUsRlrXjrbsD�Ê(A� 

4. 0.5 µM H^RKsVsepsdD� IJo;&"7cGoVs5FemH(A� 

5. Xjrbs5�B�46˚C2 2Óĭ~u|Ĳ%*A� 

6. |Ĳ%*.Qreo7�50 mL6ILYRkaYcEs (`HdnWHUsRlraY

cEs3¢'�;&"7 20 mM Tris-HCl, X M NaCl, 0.05% SDS) 5 30�ĭé&�çè

Dę� (NaCl2çè(A©¡6ªð»7 Silva HP6 FISH protocol5ĝĢ&1�A62

,$D�ñ(A)� 

7. Formamide2çèDę/.©¡57�ILYRkaYcEs2çè&.Á��ī�Åê

5 5�é&�formamideDį�%*A� 

 

Preparation of amplifier probes (during washing step) 

1. �ī�ÅêD�Ê(A�×Čð»2 50 mM Na2HPO4, 0.9 M NaCl, 0.01% SDS54A>�

5 2 ml tube5��A� 

2. ,$�? 20µlĄ»3@�PCR tube5��A� 

3. ,$5×Čð»2 5 µM 54A>�5�īepsdD��A (�īepsd7��6

tube2úÆ(A)� 

4. PCRâDú�1 95˚CD 90ă, 25˚C2 30�ĭ5TY\&�īepsd6Ĝĳ�8SZ

gàĤ6±³�Dę�� 

5. PCRâ2í�Dę/.Á�,B-B6�īepsdDë+A� 

�

Signal amplification using amplifier probes and washing 
1. çèDę/.SmH]6IJo6¥@DOgqHeĈ2Ë!�¥@6ä�Dį�(A�
cGoVs2ę/1�A©¡7�QreoDFemH&1�4�ĶDv5&1OgqH

e5Ģ*�ä�Dį�(A� 

2. ë¡%*.�īepsd (×Čð» 2.5 µM) D IJo<cGoVs5FemH&�
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46˚C2 2Óĭ�Å%*A�(Xjrbs7�ī�Åê2�Ê(A) 

3. �ÅÁ�50 ml6�ī�Åê5é&�4˚C2 30�ĭ6çèDę�� 

4. ×Á5�MQ5 1�ĭ�EtOH5 1�ĭé&��ĕ¼ (4˚C) 2zô%*A� 

�

�

In situ dual DNA-HCR 

Reagent�
'PBS 

'PBST (0.05% teen 20 in 1 x PBS) 

'1% low melting point agarose 

'1 M Tirs-HCl 

'5 M NaCl 

'formamide 

'10% SDS and 0.01% SDS 

'500 mM Na2HPO4 

'TNT (0.05% tween 20 in 100 mM Tris-HCl, 150 mM NaCl) 

'Dextran sulfate 

'10% blocking reagent (in maleic acid, store at 4˚C) 

 

 

Sample preparation  

For slide 

1. 1.5 mL tube5¨³QreoD x volume�1xPBSD (1-x) volume, 0.01% SDSD 0.1 volume

��A� 

2. 0.1 volume 6 1% low melting point agaroseDÖ5���60˚CĄ»2�ò(A� 

3. SmH]5FemH&�60˚C2 10�ĭĄ»zô%*A� 

4. zô%*.Qreo7�50, 80, 96% EtOH5,B-B 3, 1, 1�ĭé&Đä%*A� 

5. ķz%*A� 

�

For filter 

1. ¨³QreoDıĔ&.cGoVsD´ĸÛ�5¡C*1MY\(A� 

2. 0.1% low melting point agarose5é&.Á�bmcGogu2Ģ*�60˚C2 10�ĭĄ»

zô%*A� 

3. zô%*.Qreo5 50% EtOHDïv&�bmcGog�?cGoVsD� (�ĺ=

/"@�0ÉĨ5ę�Ļ 
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4. ,6Á�50, 80, 96% EtOH5,B-B 3, 1, 1�ĭé&Đä%*A� 

5. ķz%*A� 

�

Permeabilization  
(if necessary: but gram-positive cells were required) 
1. ķz%*.¨³Qreo5X mg/ml6 lysozyme<X mg/ml proteinase K Ĉ6×ĥ�&.

ð»2×ĥ�&.�ÅÓĭ2�øDę�� 

2. ċď«�ø ČC/.Qreo7�TNT5 15�ĭé&çè(A (µì)� 

3. Ö5�MQ5 1�ĭé&�EtOH5 1�ĭé&1ķz%*A� 

�

Hybridization and Washing of initiator probe 
1. `HdnWHUsRlraYcEsD�Ê(A�9)�20 mg dextran sulfateD 2 ml tube

5���,6 tube5×Čð»2 20 mM Tris-HCl, 0.9 M NaCl54A>�5ĞėD��A�

MQ2 1mlĄ»92hSfYe&�60˚C2²�5 dextarn sulfate î#A6DÀ0�î

#.6DĀğ&.Á, X ml formamide �>8 10 % blocking reagent (×Čð» X% 

formamide, 1% blocking reagent)D���MQ2 2 mL92hSFYe%*A�×Á5�10% 

SDSD×Čð» 0.01% SDS54A>�5��A� 

2. �Ê&.`HdnWHUsRlraYcEs�? 10-100 µlĄ»3@�,$5×Čð»

2 0.5 µM 54A>�5 initiator probeD��A� 

3. `HdnWHUsRlrXjrbsD�Ê(A�9)�50 mL tube5 in situ DNA-HCR

6`HdnWHUsRlraYcEsD�Ê(A�ã5�,6îêDOgqHe Ï�

1�A 50 mL tube5 10 mL Ą»��A� 

4. 0.5 µM initiatorepsdD� IJo;&"7cGoVs5FemH(A� 

5. Xjrbs5�B�46˚C2tÕ|Ĳ%*A� 

6. |Ĳ%*.Qreo7�50 mL6ILYRkaYcEs (`HdnWHUsRlraY

cEs3¢'�;&"7 20 mM Tris-HCl, X M NaCl, 0.05% SDS) 5 30�ĭé&�çè

Dę� (NaCl2çè(A©¡6ªð»7 Silva HP6 FISH protocol5ĝĢ&1�A62

,$D�ñ(A)� 

7. Formamide2çèDę/.©¡57�ILYRkaYcEs2çè&.Á��ī�Åê

5 5�é&�formamideDį�%*A� 

 

Preparation of amplifier probes for first signal amplification  
(during washing step)  

1. �ī�ÅêD�Ê(A�×Čð»2 50 mM Na2HPO4, 0.9 M NaCl, 0.01% SDS54A>�

5 2 ml tube5��A� 
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2. ,$�? 20µlĄ»3@�PCR tube5��A� 

3. ,$5×Čð»2 5 µM54A>�5 1§þ6�ī5ú�A�īepsdD��A (�

īepsd7��6Xksd2úÆ(A)� 

4. PCRâDú�1 95˚CD 90ă, 25˚C2 30�ĭ5TY\&�īepsd6Ĝĳ�8SZ

gàĤ6±³�Dę�� 

5. PCRâ2í�Dę/.Á�,B-B6�īepsdDë+A� 

�

Signal amplification using amplifier probes and washing  
(First signal amplification) 

1.  çèDę/.SmH]6IJo6¥@DOgqHeĈ2Ë!�¥@6ä�Dį�(A�

cGoVs2ę/1�A©¡7�QreoDFemH&1�4�ĶDv5&1OgqH

e5Ģ*�ä�Dį�(A� 

2. ë¡%*.�īepsd (×Čð» 2.5 µM) D IJo<cGoVs5FemH&�

46˚C2 2Óĭ�Å%*A�(Xjrbs7�ī�Åê2�Ê(A) 

3. �ÅÁ�50 ml6 PBST5é&�4˚C2 10�ĭ6çèDę�� 

�

Preparation of amplifier probes for second signal amplification  
(During first signal amplification)  

1. 20 µLĄ»6�ī�Åê3@�PCR tube5��A� 

2. ,$5×Čð»25 µM54A>�52§þ6�ī5ú�A amplifier probeD��A (�

īepsd7��6 tube2úÆ(A)� 

3. PCRâDú�1 95˚CD 90ă, 25˚C2 30�ĭ5TY\&�īepsd6Ĝĳ�8SZ

gàĤ6±³�Dę�� 

4. PCRâ2í�Dę/.Á�,B-B6�īepsdDë+A� 

�

Signal amplification using amplifier probes and washing  
(Second signal amplification) 

1. çèDę/.SmH]6IJo6¥@DOgqHeĈ2Ë!�¥@6ä�Dį�(A�
cGoVs2ę/1�A©¡7�QreoDFemH&1�4�ĶDv5&1OgqH

e5Ģ*�ä�Dį�(A� 

2. ë¡%*.�īepsd (×Čð» 2.5 µM) D IJo<cGoVs5FemH&�

46˚C2 2Óĭ�Å%*A�(Xjrbs7�ī�Åê2�Ê(A) 

3. �ÅÁ�50 ml6 PBST5é&�4˚C2 10�ĭ6çèDę�� 

4. ×Á5�MQ5 1�ĭé&�EtOH5 1�ĭé&1�ĕ¼ (4˚C) 2zô%*A� 
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�����	 in situ DNA-HCR����	�����&���!� 
Ùÿą2ú�.ò�°5>A in situ DNA-HCR æ5ú�Aepsd6|Ĳ�÷6ĉ�7

Yilmaz Í¦(Ai[o¾Dú�1ĉ�Dę/. (Yilmaz and Noguera 2004)�i[o¾6

ßĚ�8¾Dvĝ5ā( (Fig. S1)�9.�DNA-DNA 6|Ĳ5ÄĚ4�S �8�H 7�

Sugimoto? Ìā(AÎ�Dú�. (Sugimoto et al., 1996)�Â?B.�S�8�HDú�

1�G1Dĉ�&. (Î7�ì»6:3&�25˚C �? 60˚C 92 ì»5�#A�G1Dĉ

� & . ) � 9 . � e p s d đ ġ 6 Ĺ ã à Ĥ 5 � # A � G2 7 � mfold 

(http://mfold.rna.albany.edu/?q=mfold/DNA-Folding-Form) Dú�1ĉ�&. (Î7ì»6

:3&�25˚C�? 60˚C92 ì»5�#A�G2Dĉ�&.)�×Á5epsd |Ĳ(A

ħ�6|Ĳ�÷5Į&1; mfold Dú�1ĉ�&.  (Î7�ì»6:3&�25˚C �?

60˚C 92 ì»5�#A�G3Dĉ�&.)�Â?B�G1, �G2�8�G3�? K1, K2 �8

K3Dĉ�& (¾ (1) D�ñ)�,6 K1-3Dú�1 KoverallDĉ�&. (¾ (2) D�ñ)�×Á

5¾ (3) Dú�1 öÈ5�#A�Goverall6ĉ�Dę/.� 

� � � �
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