
都市下水処理 UASB+DHS システムにおける DHS リアクターの微生物叢解析 
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1. 目的 
B CDEFGH21IJKLMNOPQRSTUVWXYZ[ 1995 \]^ UASB (Up-flow Anaerobic Sludge 

Blanket) + DHS (Down-flow Hanging Sponge) UVWXEFG_`a[bcdefghOKiDTVj.klmn

oKpqrstu_vw[ UASB+DHS UVWXExyzSO{|}FG_`a[bc~�K�EUVWX��

�c�����Srs�.�����S_�|�Y_�^]OZcd�E�����rs�.�����_��

���2hy�|}OJK�QO{�|}�����O�w[E����]�Tw�KDHS���-1E'��

 E���¡O�w[J¢£¤]a[wTwd¥�hK¦FGhJ DHS ���-1� E Bacteria rs AOBB  

(Ammonia-Oxidizing Bacteria) KNOB (Nitrite-Oxidizing Bacteria) O�w[K¤§��$¨©ªh«} PCR-DGGE 

(Denaturing Gradient Gel Electrophoresis) KCloningKreal-time quantitative PCR_vw[�¬_`acd 

 
2. 実験方法 
B � J®¯u_xyZ[w} UASB+DHS���-1 (G3.2) ]^°.I�.HZcd°.I�.HJ���

-1O±²³´^�c 10 µEj1¶]^`wKM·]^¯·O]´[ 1-10 E¸¹_�´cd� ]^ DNA _º

»¼KBacteria E 16S rRNA ½¾§O¿À¨TIÁÂ41ÃÄ¶_vw[ PCR-DGGErs Cloning _`acdÅ

^�cU1�Æ.V]^ FastGroup II_vw[ 97% identityEÇÈhOTU (Operational Taxonomic Unit) ¤É_ZK

Êiz_�¬ZcdgcKNitrosomonas oligotrophaKNitrospira ËE 16S rRNA ½¾§_Ì¨YZc real-time 

quantitative PCR_`wKDNA EÍÎ_`acd 

 

3. 実験結果 
3.1 PCR-DGGE 
Ï 1 O DGGEÐ./IÑÒÓÂ2E~�_�|dÐ./Ô-1.�K�

��-1ÕÖ×Ø (DHS1Ù10) h·Ú¨OÛÜZ[wcdDHS���-1

JKVj.k_lmYZ[vwcÝuÞß���-1Yà²}d�EÐ.

/Ô-1.E·Ú¨ÛÜJKÝuÞß���-1_vw[���-1ÕÖ

×ØO Bacteria rs AOBE 16S rRNA ½¾§_áâYZ[ PCR-DGGE_

`acãä 1)
 YåæZ[wcdÐ./Ô-1.]^ DHS1K2 _H21I

AKDHS3Ù5 _H21I BKDHS6Ù10 _H21I C Y#bç 3 H21I

O¤ÉZcd¥E¼ DHS���-1E Bacteria EÊiz_èé|}êOK

AÙC ¥�ë�EH21IO�w[KÐ./ì�ÊçÊiz�«}Yí²

^�}îï¨TðÄ�V (DHS1K4K8) O�w[ Cloning _`acd 

3.2B Cloning 
Ï 2 O Cloning E~�_�|dDHS1K4K8 h¥�ë� 93K99K96 �Ñ1._�¬ZK¥�ë� 90%K71%K

62%� Proteobacteria Eñòóh«acd��J®¯u_xy|}ôz� hõöih«÷KSnaidr ^ 2)
 Jô

z� Eø 90%� Proteobacteria OËZcYùúZ[w}d 

û1ü1/ýDHS, ®¯uxy, ���¡�¬, ¤§��$¨©ª 
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DHS � � � - 1 Õ Ö × Ø E 0 1 Y Z [ K

DechloromonasËKMOB (Methane-Oxidizing Bacteria)K

AOBKNOB O�w[23ZcdDechloromonas ËJK

DHS1K4K8 h¥�ë� 40%K11%K3%h«÷K��

�-1M4]^¯4O]´[56�78|}Ywac

01_�Zcd�E9JKôz� T£E:;ztu

xyUVWXhJ4Â<1T���h«}dZ]ZK

DHS1 hJ Dechloromonas Ë� 40%Y�Ñ1.E56

J=>OÕ]acdDechloromonas ËJK?@KIÑ

AB.@_CDEYZ[FG|}���h«}êKHIuE BOD ��OJäZ[w}�Y�í²^�cdMOB

JKDHS1K4K8 h¥�ë� 14%K5%K2%h«÷K���-1M4]^¯4O]´[56�78|}Ywac0

1_�Zcd�E9õ Dechloromonas ËYöiOKôz� hJ4Â<1T���h«}dZ]ZKUASB xy

uOJKLM-.�Ng�[w}êKM-._@Ü|} MOB E56����-1M4hÕçTacYí²^�

}dAOB rs NOB JKDHS1 hJYõOO»Ö�PKDHS4 hJ¥�ë� 1%K0%KDHS8 hJ¥�ë� 3%K

6%h«÷K���-1M4]^¯4O]´[QR56�ÕçTacdCloning hO»Ö�c AOB Y NOB JK 

Nitrosomonas oligotrophaKNitrospira ËEñòóESh«acd��^E���JKTE AOBKNOBYUVZ[

WXYZz�#bçKNH4-N [\KNO2-N [\�]w^O�_|}YEùú�Êw
4,  5)

 �KDHS ���-1H

IuE NH4-N [\õ 25.6±5.6 mg NH4-N /LY]çK`aEùúYåæZ[wcd 

3.3 Real-time quantitative PCR 
Ï 3 OKDHS ÕÖ×ØOb´} Nitrosomonas oligotropha Y

Nitrospira ËE 16S rRNA ½¾§Y NH4-N [\E01_�|d

Nitrosomonas oligotropha Y Nitrospira ËJKDHS1Ù6 ghJF

cZ[ DHS7 _deYZKDHS8Ù10 O]´[ff78|}Y

wacöiE01_�Zcd���-1M4E×�gÜh9E

56�]çT}iØ�«}�KDHS ���-1Oj¯Ö�}

UASB xyuJ DO [\�]ç����ÊwEhK���-1

M4hJkËlmh9��_ÜZf|wYà²}dº»���

EnoX°Âp� 4.6 Mbp (E. ColiYöq°Âp) h«÷K16S 

rRNA ½¾§� 1 noXO 1 copy Lf|}YrÍZK4 óÉE

s��Bt/Euv¤§Î_ 331 Y|}YKº» DNA Jyw

¨O DNA 1 ng xc÷ 2.0y10
5
 copiesE½¾§�Lf|}d�

Ez_vw[-9Oá|} Nitrosomonas oligotropha rs Nitrospira ËE56_{||}YKNitrosomonas 

oligotropha J DHS1K4K8 h¥�ë� 0%K1%K5%KNitrospira ËJ DHS1K4K8 h¥�ë� 0%K11%K21%Y

T}dNitrospira ËO�w[JÊ8ÀT}zhJ«}�KDHS1K4K8 Ob´}iØJ Cloning E~�YåæZ[

w}dgcK®¯u_xy|}ôz� E}-Proteobacteria OË|} AOBrs Nitrospira ËE 16S rRNA ½¾

§ÍÎ_`ac`aEùúhJK(AOBKNitrospira Ë) J Bacteria OáZ[¥�ë� (2.9% K8.6%)
6)

 K(1.0% K

20.0%)
7)

 h«acd~a[ DHS���-1� JKôz� Yö�\E56hgÜh9�Lf|}Yà²}d 
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