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DEVELOPMENT OF MICROBIAL COMMUNITY DESIGN TECHNOLOGY USING THE RHIZOSPHERE OF
AQUATIC PLANTS AND ITS APPLICATION TO ENVIRONMENTAL WATER QUALITY CONTROL
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The aim of this study was to clarify the mechanism of aquatic plants to
accumulate specific microorganisms in the rhizosphere from the characteristics of microbial
communities formed in the rhizosphere and gene expression analysis of aquatic plants coexisting with

rhizosphere microorganisms.

In the rhizosphere of Spirodela polyrrhiza and Lemna minor, two microorganism groups which show
different accumulating behavior were confirmed. The one group showed quick, that is within 3 days,
accumulation to the rhizosphere. Another group showed slow accumulation but steadily over time. As
the characteristic of the microorganism group selectively accumulating in the rhizosphere, the
presence of motility seemed one of important factors.
Although the gene expression analysis of S. polyrrhiza coexisting with rhizobacteria was failed
because of the low quality of mRNA extracted from S. polyrrhiza, we could develop a series of
experimental methods including improvement points.



2006
Soirodela polyrrhiza
Pistia stratiotes L.

4-n-
4-n-BP NP 4-tert-BP
[a
4-tert- 4-tert-OP

Phragmites australis

Sphingobium fuliginis OMI
Lemna minor
OMI

500 mL 200
mL Arnon & Hoagland A&H
28 £ 1°C 8,000 lux 16

60 90

14 0
1 3 7 14

10 20
ImL TE

DNA 16S rRNA
PCR-DGGE

Soirodela polyrrhiza
DNA

DNA

Joint Genome Institute JGI

Soirodela
polyrrhiza 7498
19,623
18,894
eArray DNA
Acinetobacter sp. P23
60 500 mL
200 mL A&H
Acinetobacter sp. P23 ODgpp=0.3
P23
28 £ 1°C

8,000 lux 16 8
3



0 4 8 12 24 72

RNeasy Plant Mini Kit

RNA

2100

RNA RNA Integrity Number RIN
RIN 1 10

RNA
RNA

RIN 5

RIN 5
GeneRead Pure mRNA Kit mRNA
RNA

mRNA

QIAcube
mRNA
One-Color Microarray-Based Gene

Expression Analysis Low Input Quick Amp

Labeling Protocol cRNA Cy3

BioChip Scanner
GenePix 4000B  Molecular Devices
GenePixPro7.0 Molecular Devices

PCR-DGGE
PCR-DGGE
0
14

1 14
PCR-DGGE
0

3
7 14
3
3
PCR-DGGE

BLAST

jB-Proteobacteria
Albidiferax Rhodocyclaceae
v-Proteobacteria Pseudomonas
Atlantibacter

1 3 Limnohabitans
14 B-Proteobacteria

Rubrivivax

Limnohabitans

[3-Proteobacteria Polynucleobacter

7 B-Proteobacteria
Hydrogenophaga 14
a-Proteobacteria Blastomonas
[3-Proteobacteria Acidovorax

Sphingobium fuliginis
OMI

v

Rubrivivax

Hydrogenophaga Acidovorax

Soirodela polyrrhiza

DNA

eArray
DNA 8x 60K



Acinetobacter sp. P23

P23
RNeasy
Plant Mini Kit RNA
2100
RNA
RNA Integrity Number RIN
RNA RIN 5
RNA
RNA RNA
RNA
RNA
(2005)
, 42
475-486.

Tadashi Toyama, Ning Yu, Hirohide Kumada,
Kazunari Sei, Michihiko Ike, Masanori Fujita
(2006) Accelerated aromatic compounds
degradation in aquatic environment by use of
interaction between Spirodela polyrrhiza and
bacteria in its rhizosphere. Journal of
Bioscience and Bioengineering, 101(4),
346-353.

Hai Hoang, Ning Yu, Tadashi Toyama,
Daisuke Inoue, Kazunari Sei, Michihiko Ike
(2010) Accelerated degradation of a variety of
aromatic compounds by Soirodela
polyrrhiza-bacterial associations and
contribution of root exudates released from S,
polyrrhiza.  Journal of  Environmental
Sciences, 22(4), 494-499.

Tadashi Toyama, Kazunari Sei, Ning Yu,
Hirohide Kumada, Daisuke Inoue, Hai Hoang,
Satoshi Soda, Young-Cheol Chang, Shintaro
Kikuchi, Masanori Fujita, Michihiko Tke
(2009) Enrichment of bacteria possessing

catechol dioxygenase genes in the rhizosphere
of Spirodela polyrrhiza: a mechanism of

accelerated biodegradation of phenol. Water
Research, 43(15), 3765-3776.

Hai Hoang, Daisuke Inoue, Naonori
Momotani, Ning Yu, Tadashi Toyama,
Kazunari Sei, Michihiko Tke (2009)
Characterization of novel 4-n-butylphenol
degrading Pseudomonas veronii  strains
isolated from rhizosphere of giant duckweed,
Sirodela polyrrhiza. Japanese Journal of
Water Treatment Biology, 45(2), 83-92.

[ I— >

, Hoang Hai, , (2009)

—. , 38(9), 633-641.

Tadashi Toyama, Naonori Momotani, Yuka
Ogata, Yuji Miyamori, Daisuke Inoue,
Kazunari Sei, Kazuhiro Mori, Shintaro
Kikuchi, Michihiko lke (2010) Isolation and
characterization of
4-tert-butylphenol-utilizing Sphingobium
fuliginis strains from Phragmites australis

rhizosphere ~ sediment.  Applied  and
Environmental Microbiology, 76(20),
6733-6740.

Tadashi Toyama, Tetsuya Furukawa, Noritaka
Maeda, Daisuke Inoue, Kazunari Sei,
Shintaro Kikuchi, Michihiko Tke (2011)
Accelerated biodegradation of pyrene and
benzo[a]pyrene in Phragmites australis
rhizosphere by rhizosphere bacteria-root
exudates interactions. \Water Research, 45(4),
1629-1638.

Tadashi Toyama, Manabu Murashita,
Kazutaka Kobayashi, Shintaro Kikuchi,
Kazunari Sei, Yasuhiro Tanaka, Michihiko Ike,
Kazuhiro Mori (2011) Acceleration of
nonylphenol and 4-tert-octylphenol
degradation in sediment by Phragmites
australis and associated rhizosphere bacteria.
Environmental Science and  Technology,
45(15), 6524-6530.

Kazunari Sei, Megumi Fukasawa, Kanako
Kubo, Shiori Akaike, Rina Saitoh, Daisuke
Inoue, Masaaki Morikawa (2014) Gene
expression analysis of Sphingobium fuliginis
OMI, isolated from the rhizosphere of
Soirodela polyrrhiza, for the elucidation of
symbiotic mechanism. Proceedings of Sth
IWA International Symposium on Waste
Management Problems in Agro-Industries
(AGRO’2014), Vol. 11, 509-513.




Masashi Kuroda, Yuka Ogata, Tatsuya Yahara,
Takashi Yokoyama, Hidehiro Ishizawa,
Kazuki Takada, Daisuke Inoue, Kazunari Sei,
Michihiko Ike (2017) Draft genome sequence
of Sphingobium fuliginis OMI, a bacterium
that degrades alkylphenols and bisphenols.
Genome Announcements 5, e01323-17. (DOI:

10.1128/genomeA.01323-17) ( )
2
, (2016)
19
( )(2016 9 14 )(
)

Kazuko Sawada, Ryo Yamato, Daisuke Inoue,
Masaaki Morikawa, Kazunari Sei (2016)
Analysis of microbial community enriched in
the rhizosphere of Spirodela polyrrhiza and
Lemna minor cultivated in river water. Water
and Environment Technology Conference
2016 (WET2016). Chuo University (
)(2016 8 28 )

o

@

SEl, Kazunari
INOUE, Daisuke
28
FURUKAWA, Takashi
29

®

SAWADA, Kazuko



