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Mechanisms underlying anaerobic biodegradation processes of marine sediments 

deposited by the Great East Japan Earthquake 

ɦű ŝ 

�oǝ�ȫȟ  

� ƗěçǙƯ.ƊďɎ-ɯƂƤé-s<ñƿƆ)-�ŋ-z�
əɗǧ-Ɨã,�
'ȍǙ�

<���Ɨã-Ȳɒǩ¸<ěƎx(ƹĻ�A@Ǒ¸Ɔǩ�Óɭ)+$'
@	
 ŕŨ(.�ļĨ

-ĳɁ+ēŶ¸<ɯƂŶ-ǁĊ,�$'�ŢŽĴçǙƯ-ȍǙ�ƉÅ<Ɗďã,�
'èÎ�

A÷:!	
 1960 ę�,.Ƽù-ƕ+*(ŢŽĴŇƆCȷơ)�@çǙƯ�ȇȆ-ȅȏCö�@

7(ɇĜ,ȍǙ�A!	
 �-}Ȱ.ɳ�ɮ-óɔƀ<Ǒ¸ƆǩIO-ǁƹCĞ�ȷ���Ʒë

Óɭɶ¢Ăɷ)�'ȦȮ�A!	
 �-Ĩ�1970 ę,.ƆȶƇƦɝſƌ,=?¡Þoħ,Ɋƻ�

A@¢¤ƻƆã3-ŇƆåƢ�ÿ:>A��A7(,çǙƯ-ȍǙCɝſ�@ź�+ćǠ�Ȭ

�>A'�'
@	
 çǙƯ-ȍǙ.ąŲɯ¸�Ʉȏ�!əɗǧƗã-Óɭ)�'ņ�>A'�

!��2011 ę 3 š-ūŕŨóɥƩ,ȷÙ�@óƐƍ,=$'�ƗěçǙƯ�ĎľǊ�āâǊ�

ǔĐǊ�ȉâǊ-ôĘƏƊď-ĚǣÛ,B!$'óɔ,Ŀ#r�>A!	
 �-�)�>�ƉĒ

Ɔ<ƹƑŇƆ�ƺŶŇƆ�ɯƂƤé(-Ɓɰ<ŇƋƯ+*,ƽŪ�@ŢŽƇƦƯȶ-ȱȋ�Ȅ

ƭƓ¸ȀCȸ��ñƏ,ɨ�@Ɗďã,�
';óɔ-çǙƯ�ªȞ�A�,ȍǙ�Aǰ�'


!)
�ȑōǄ+}Ā�Ř@8)+$!	
 çǙƯ-ȍǙ.ÏȻƷë3ĵĤɩCÁ6��Ɔƺ

ŶCǆD,ÖD(
@ŕŨ<ȫñÞ,�
'Ȟƈ�4�śɆǄ�%ÕǴ-ȩɭ(�@	
  

� ƗěçǙƯ-ȍǙ,.�ĮƹƯ,=@ÐÍɶŢŽƯªȞmƯȶðŋɷ�ƚ�ɜB$'
@	
 

ĮƹƯ.ŢŽƯ-ɒ¸(ƹ�@ɤùCŠǫɤùÄă�,Ɵ��)(GYiJnCƳĪ��ƹÑ

Ƒ·Cȏ$'
@	
 ɒǩCŠǫɤùÄă�)�@ĮƹƯ�ȭCõƅÐÍ�ƬŽƯC­ƻ�@é

ÈCøƅÐÍ)Ð1�õƅĮƹƯ)øƅĮƹƯ��A ACł�	
 7!�ɤùÄă�-ɍ�.

�-ɒ¸ɍ�ɤ�-ɲ
ɪ,Ʉȏ��õƅƷë(.ɒǩ���Ǆ,ɍ��A@��øƅƷë(

.�ǐɒ�ɕ(III)�Ǒɒ-ɪ(ɍ��A��A>�ŰƝ�@)ŠǫǄ, CO2Cɍ��@dPlƹ

Ļ�ȷ�@	
 Ɗď-ěƎ(.�ɟã<ɯƂƤé+*,ƽŪ�@ŢŽƯ�ěƹƹƯ<õƅĮƹƯ

,=$'ªȞ�A@	
 �A>-��,=?ɒǩ�Ƙȴ�A@)�Ɨx,ȯą,ûà�'
@Ǒ

ɒCɤùÄă�)�@Ǒɒɍ�Ȍ-���Ƒǁ)+?��-ɍ�Âı,=?ƹĻ�A@Ǒ¸Ɔ

ǩ�ÏȻƹĹǧ3ĵĤɩCu�@�)�ǌ>A'
@	
  

� ɇĜ,ȍǙ�A!ƗěçǙƯ-ćǠ,.ƔƠ<ȗǎ+*ßŦēüǄ+Ŕƌ�ňƻ�A@�)

�ò
��ƔƠß-¨ƶ�ěȶ<ƒ·Ʒë-ð¸��A>,=@ƆãƹĹǧ3-ȱȋ�Óɭ)

+$'
@	
 Ƚę(.Ɨě3ɒǩC�ǭ�@�)(õƅĮƹƯCƑĴ¸��@+*�ĮƹƯC



                                                                   2 

­ƻ�!çǙƯªȞ-Ǐǚ�+�A'�'
@��şƅ+*,=@çǙƯ-ĕ�r�?.Ɔȶ

ƇƦCǁƹ���Ɔȶ-ĵ¸,=$'ƹĹǧ-ZglO�đíɶ��/�ưÿ-ƹƯ�ǀėǁ

ƹɷ��§1ȲɒǩƱĹ,ɞ@�ȱ-Ƀɗ�CĞ�ȷ��ÆȀĴ��@	
 oŔ(�ƗěçǙƯ

x.ƬɒǩƱĹ(�?�øƅĮƹƯ�çǙƯ-ªȞ,ɓȖ+ĥ±Cł�)|Ķ�A@	
 ���

+�>��-ªȞŽŹ-5)D*.tŘ(�@	
  

� ȄƭƷë,ûà�@ĮƹƯCćȰ)�!Ǐǚ(.ɘ
ɛ�äɯƌ,å&
'ªɮ)ƹƶŽȀ

Ȟŭ�+�A'�!	
 ����Ʒëx-ĮƹƯ-ò��ɣäɯĴ-!:��A>�*A�>


òź(�*-=�+�ȭŽȀCŢ�'
@-�CƶȞ�@�).Úɣ(�$!	
 �AC ţ�

4��ưÿ-Ɍ�ùCŻǄ)�'�ƷëȤŒCȞŭ�@ªùƹƯüǄľƌ�ǁĊ�A'�!	
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CÉÿ�@+*�DGGE< T-RFLPǟ)Ƅ4'�òǘòź+ĮƹƯǺɠCǳǹǄ,ņ��Ʒëx
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 7!�ǐɒ-Ɯµ,=$'çǙƯ(.Ǒɴɒ¸ǪȌ�²Ǆ,�½¸�=
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 ǐɒ-

ƜµĨ�¸üÈĻǑɴɒ¸ǪȌ,=$'Ýÿ�A!ƪǩơ�çǙƯx,�ǭ�A��-øƅÐ
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! Sulfurimonasċ�Chromatiales

ǲ-ǪȌǺ�ȂǛ)Ǒɴɒ¸,=$'ƲǜŲɯǄ,ĳƥ,ƹǾ�!	
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	ɜɃȪő
T. Aoyagi, M. Kimura, N. Yamada, R. R Navarro, H. Itoh, A. Ogata, A. Sakoda, Y. 
Katayama, M. Takasaki, and T. Hori. “Dynamic transition of chemolithotrophic sulfur-oxidizing bacteria 
in response to amendment with nitrate in deposited marine sediments” Front in Microbiol. 6:426.  
 

Ü 3.1� ǐɒɍ�ũ�,
��@ƗěçǙƯ-Ưƶ
¸ü[gdnP-ð¸  
ɵȈ-_kRU�=1Zn
.ǐɒƜµǧ�ǃȈ-_k
RU�=1Zn.ƬƜµǧ
CǓ�	
 EOPhOK.ɹ
%-äɯǧɛ-Ýǉx-�
ǩÌŢɔ-Ĕ�Ţķ(�@
�)CǓ�ɶɸɺp<0.05ɷ	
  

Ü 3.2� ƗěçǙƯx-ĮƹƯǺɠŹɂ)ƑĴ-ð¸  
AɺĮƹƯ-ûàɔɶDNAɷ� Bɺ�ȭƑĴɶRNAɷ 
Zn-r,gF^ghÊɶG0�T0.äɯ 0ŕǇ�NG2�NG5�
NT2�NT5.ǐɒƜµǧ-äɯ 2�5ŕǇ�CG2�CG5�CT2�
CT5.ƬƜµǧ-äɯ 2�5ŕǇɷCǓ�	
  
 

Ü 3.3� ªɢȌ-ǧǮüǄ�Ǹ 
16S rRNA Ɍ�ù,å&
! Epsilon-�=1
Gamma-proteobacteriaǪȌ-ɮǷɜ�CǓ�	
 ô
őú�ŨǏǚ(Ī>A!ªɢȌ HDS01 ų�
HDS22 ų�HDNS4 ųCǓ�	
 ªč�!ů�Ƚ
ŉ�'
@;-5*ǧǮǄ,ȽǷ(�@	
 ů,
Ǔ�A'
@Ő�. 1,000 Ø-^nUOUgR
_Ƞǡ,å&�ǧǮɜ�-�ɬĴCȓ�	
  

CO2$

N2O$
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RNA-stable isotope probingɶRNA-SIPɷ.�ýÿÉ��åȶ(ƷëȤŒCäɯ�!Ĩ�

É��ŻȮ�A! RNA Cȸɉį(ªɢ�'êåɏ«Cƈÿ�@�),=?�åȶCÃ?ȼD"

ĮƹƯCÉÿ�@ľƌ(�@	
 �-!:ŻȮ RNA-OKhnXlL-Ȟ�ĜmĸĜ.�rRNA-SIP

,��@ŻȮ RNA-ŵ©,ǈŉĤɩCÁ6�	
 žv�NnKGlMn.��"�Ţķ,ŻȮ�

A! RNA-ɲĸĜŵ©,Ţ¶)ǻ�>A@��ŵ©ĸĜ-ɜ�Ĵ.Ř>�,�A'
+
	
 Ũ

ǝ(.�žv�NnKGlMn-Ɋƻ,=@ RNA-SIP-ɲĸĜ¸CȤ8�ĩŪƌɶT-RFLPɷ)

ƄȺ�'*-ǗĜ7( rRNA-SIP-ĸĜ�ìġ�AĪ@�Cȣ��!	
  

	Ŕƌ
óȃȌ,ƽŪ�@þ¡, 13CŻȮ�A! RNACŰȊȌ,ƽŪ�@ɧŻȮ RNA, 1%ɻ

0.0001%-±È(ƛÈ�@�),=?�ǀ+@ 13C-RNAƧĜCŢ�@ȕŐ-ŻƢȤŒC�Ļ�!	
 

�A>Cȸɉį,���ÇĄĜƾª,Ì7A@ rRNAC T-RFLPɶĩŪƌɷ�=1FicWNn

KGlO,=?OKhnXlL�!	
 óȃȌ-ɧŻȮ RNA CŰȊȌ-ɧŻȮ RNA )ƛÈ�!

ɧŻȮǧ;ćƮ)�'ƻķ�Éź-Āɱ,��!ɶŸȖCÜ 4.1,Ǔ�ɷ	
  

	ǬŮmǻĆ
óȃȌ- 13C-RNA � 1%�0.5%Ì7A@ũ�(.�óȃȌ,ƽŪ�@ T-RF\n

K�ĄĜ-rŗ,�$'ìó��ŠɲĄĜƾª(yȖ)+$!ɶÜ 4.2ɷ	
 13C-RNA- 0.05%ÌŢ

ũ�(.óȃȌ- T-RF\nK�ŠɲĄĜƾª(��,ȜĆ�A!��=?ȕɡ+ĮƹƯǺɠŹ

ɂ�Ķÿ�A@ĀƷëȤŒ-Ȟŭ,�
'�-=�+��+\nKC§ƵǄ,ŵ©�@.ɣ�


	
 oŔ�FicWNnKGlO(. 13C-RNA C 0.05%�0.001%Ì9�ƛÈƴũ�,�
';

óȃȌ,ƽŪ�@ RNA-Ţķ+ɠǙ�ŠɲĄĜƾª(Ș©�A!ɶÜ 4.3ɷ	
 7!��- 13C-RNA

-ȸɲĸĜŵ©.�óȃȌ,ưǀǄ+_gFbnCƻ
!ÿɔ RT-PCR -ȞŭǬŮ,=$';

Ŏń�A!	
  

	ǬȪ
13C-RNA-OKhnXlLƌC T-RFLP�>FicWNnKGlO3Ǹ�ŋ�óɔ-ê

åɏ«CȞȨ�@},=$'�rRNA-SIP - 500 �-ɲĸĜ¸�ɈĻ�A!	
 �-ȸɲĸĜ

rRNA-SIPƌ.�ûàɔ.ŷ:'ĉ+
�ɓȖ+ÂıCł�ŧǌĮƹƯ+*;Ì:!ƗěçǙƯ

-øƅªȞɇǗ-¡ăȞŘ3Ë�!ġ³+ľƌ)+@	
  

 

	ɜɃȪő
(1) T. Aoyagi, S. Hanada, H. Itoh, Y. Sato, A. Ogata, M. W. Friedrich, Y. Kikuchi, and T. 
Hori. “Ultra-high-sensitivity stable-isotope probing of rRNA by high-throughput sequencing of isopycnic 
centrifugation gradients” Environ Microbiol Rep. 7, 282-287. 2015. (2) ɦűŝ�æǌȏ�ŧäɯĮƹ
Ư-�ȭŽȀCÉÿ�@ȸɲĸĜ Stable isotope probing-ɚǁ�ZFHMFGlO)FlQO
Uhn(B&I)�7, 225-227. 2015. 
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Ü 4.2� T-RFLP,=@ 13C-RNA-ŵ©  
1HɺŠɲĄĜƾª�2HɺɲĄĜƾª�Lɺ�ĄĜƾª 
ǋ¾-\nK.óȃȌƽŪ��-�-\nK.ŰȊȌƽ
Ū-T-RFCǓ�	
 ȝŃğ-x.[ƾªÊ�ƖɅĄĜ(g/ml)]
C�A AǓ�	
  

Ü 4.3� žv�NnKGlM
nȞŭ,=@ 13C-RNA-ŵ©  
1HɺŠɲĄĜƾª�2HɺɲĄĜ
ƾª�Lɺ�ĄĜƾª 
ƨȈ-Zn. 13C ŻȮǧ-óȃ
Ȍ RNA�ǃȈ-Zn.ɧŻȮǧ
-óȃȌ RNACǓ�	
  

Ü 4.1� T-RFLP)FicWNnKGlO,=@ 13C-RNAŵ©ĸĜȣ�-ŸȖ  
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��ǝ�çǙƯªȞɇǗ,��@ĮƹƯɛǉ��ƻ-ȞŘ  

	ǇǄ
qǝ,�
'�ǐɒ-Ɯµ,=$'çǙƯ-øƅªȞɇǗ�Ʉȏ��ĮƹƯƹĹǧ-

§ŹǤ�ȷ�?÷:'
@�)�ǓÒ�A!	
 ����çǙƯ-øƅªȞɇǗ,�
'*-=

�+ĮƹƯɛ(ɤù�u�mƪǩơ-�Ɉ�ȷ�$'
@-�.tŘ(�@	
 �A>CŘ>�

,�@!:,�×ǝ(ɚǁ�!ȸɲĸĜ SIPƌCƗěçǙƯȤŒ,Ɋƻ�!	
  

ɶƵàĀɱTnPȞŭxɷ 

 

 

 

�£ǝ�ǵŃ  

� ŨǏǚ-÷7?.�ūŕŨóɥƩ-ƐƍȔĂ,=$'�ñƏ,ɨ�!Ɗďã(;ƗěçǙƯ

�ɇĜ,ȍǙ�'
@�)�¬Ř���A7(-�ɛƑ·�
�,ȄƭƷë,ć�'ɲȱȋ(

�$!�CǇ-Ģ!?,�!�)(�@	
 çǙƯ-ɇĜ+ȍǙ,=@ƆƺŶ<ÏȻƹƯƹĹǧ

3-ĵĤɩ�ĺĲ�A@!:�ƗěçǙƯ-øƅªȞŽŹ-ȞŘ.ɓȖ+ȩɭ(�@	
 Ɛƍ,

=$'Ŀ#r�>A!ƗěçǙƯ.�çǙƯ-ȓČ�>ƚČ�=1ôĘƏƊďã-ěƎƹĹǧ

CÌD(
@)ǻ�>A��A7(�-ò��tŘ(�$!çǙƯªȞŽŹCȞŘ�@!:-�

ĀĹCÂř�!ȳɓ+eTiçǙƯ(�@	
 ŨǏǚ(.�-çǙƯCȤŒ,�'�GYiJn

ɪ�-ǀ+@ɤùÄă�CƜµ�@�)(�çǙƯ�øƅǄ,ªȞ�A�@-���>,�-

ªȞ,*-=�+ĮƹƯ�ɜu�@-�CȥǪ,Ř>�,�!	
 ÇǘKkbULg]ƌ�CHNS

�ǩªŭƌ+*-òź+¸üªŭ,=$'�çǙƯðăɇǗ-Ưƶ¸üǄ[gdnPCǯŚǄ

,ȿȹ�@�),Ļ´�!	
 7!�žv�NnKGlMnȞŭ,=?�äɯ 5 ŕ)
�Ǎťɛ

-ȣ�(;çǙƯx-ĮƹƯǺɠ-ɋǖ)ƑĴCɲȞ�Ĝ(ņ�@�)�(�!	
 �>, SIP

)žv�NnKGlMnȞŭ-ȎÈ,=@ȸɲĸĜ+ĮƹƯŽȀÉÿƌCɊƻ�@�)(�ç

ǙƯ-øƅªȞɇǗ,��@ĮƹƯɛ-ƪǩơ�ɈCȥǪ,ȞŘ�@�),Ļ´�!	
  

� ƗěƷëCż��!Ǒɒ)ɕ(III)-Ɯµũ�(.ĮƹƯɍ�ƑĴ.ĮĠ(�çǙƯ.ªȞ�A

�,ýÿƱĹ(�@�)�Ř>�)+$!	
 �-oŔ(�GYiJnɪ�-ɲ
ɤùÄă�(

�@ǐɒCƜµ�@)�çǙƯx,B��,ûà�'
!¸üÈĻǑɴɒ¸ǪȌǺ�ȂǛ)Ǒ

ɴɒ¸-¤ĥÂıCȏ
�Ī>A!GYiJn,=$'çǙƯx- CO2 CÝÿ�'²Ǆ,ìƂ

�!	
 �>,��-Ýÿ�A! CO2��-øƅÐÍCł�ĮƹƯǺɶɕɍ�Ȍ<dPlƹĻȌɷ

-ƪǩơ)+?�Ǒɴɒ¸ǪȌCȷƫ)�'çǙƯx-ĮƹƯƹĹǧ-§ŹǤ)øƅªȞɇǗ

�Ʉȏ�÷:@�)�Ř>�)+$!	
 7!�ěƎx,ɠǙ�!Ǒ¸Ư�ƗěƹĹǧCtýÿ

¸����A,=?ɟã<ɯƂƤé,ƽŪ�@ǦǥŢŽƯ+*�ªȞ�A�,ȍǙ�'ɣªȞ
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Ĵ-ƗěçǙƯ�ģĻ�A'
@ÆȀĴ��@	
 ĈŪ�ƗěçǙƯ-ĭƷ­ƻŀȐ<ȍǙɝſ

Ǡ-ǒǜ-!:,.�çǙƯ,Ì7A@ŢŽƯĻª)�-ªȞ,%
'=?ȥǪ,ȞŘ�@İ

Ȗ��@	
  

� ƷëåƢ.ǕüǄǌȘ,å&��-�ĝ<ƹƑƷëCǱń�@!:,ºª+j`i(Ȣÿ�

A'
@	
 ¥�Ǆ,Ɔã(.�ŢŽƯɶTOC�BOD�CODɷ�ƖɅƯȶɶSSɷ�ƣûɒǩɶDOɷ�

pH�óȃȌǺŐǟ-åƢ��ÿ:>A'�?�¡Þ-ƉĒ<Ɨã,��@ŢŽƯŅŻ-ɈĻƴ

.ɇÀ 20ęɛ 70%�90%CǱń�'
@	
 ����ūŕŨóɥƩ�Ř@8,�!ƗěçǙƯ-

ɇ°+ȍǙ.��A7(-ƊďãǢƶƌ.Ɨě3-çǙƯ-ȍǙC®ītȀ(�?�ȄƭƹĹ

ǧ�óɔ-çǙƯ,=?ƚ¯+ĵĤɩCÄ�'�7�ÆȀĴ��@�)CǓ�'
@	
 ŨǏǚ

,=?�çǙƯªȞC�Ʉ�'Ȅƭ-ĭƷɇǗ,{�@!:,.�¸üÈĻǑɴɒ¸Ȍ-ìƂ

C�Ʉ�@�)�Ţ¶+ȞƈǠ-0)%(�@�)�Ǔ�A!	
 ǐɒƜµ,=$'ìƂ�@¸

üÈĻǑɴɒ¸Ȍ.ƗěƹĹǧ-ožƹƺǼ)�'ƪǩơC�ǭ��-øƅĮƹƯCƑĴ¸�

+�>�çǙƯx-Ǒ¸ƯCƞĉ��@	
 ���!ěƎƷë-ŏÔ.ɣªȞĴŢŽƯCªȞ�

@ěƹƹƯ-ØĬC��)ťĦ�A@	
 ŨǏǚ(Ī>A!ǌȘ.��;+�ȍǙ�ǰ�'
@

)Ŋÿ�A@ƗěçǙƯ-¿�Ǹ(-¶ƴǄªȞ<ĭƷ­ƻ,ć�'Ţǅ+ǕüǄǌȘCu�

@;-(�@	
  

 


