GR/ER

MERRSFA WS G FIE 7 T
Mk

TR H89% 4T 161-169. 2011)
4 WA JEG 1 0 S0 T T 3 AT
L o R v o R T Al L SR T N

=3

I RMES - i B

BUORA B AR A B RE L 27 B Ie B Wy 27 55

(20114E1 A 12 B4 2011462 H 22 H23)

Analysis of bacterial community structures in coastal sediments
in the Ariake Sea

Shigemitsu Tanaka', Yukihiro Tashiro?, Naoko Mitsutake?, Yui Nakazono?, Genta Kobayashi®*,
Fumio Kato?, and Kohzo Kanda® (Division of Microbial Technology, Ariake Sea Research Project,
Saga University, 1 Honjo-cho, Saga 840-8502'; Department of Life Study, Seinan Jo Gakuin
University Junior College, 1-3-5 Ibori, Kokura Kita-ku, Kitakyushu, Fukuoka 803-0835%
Laboratory of Applied Microbiology, Department of Applied Biochemistry and Food Science,
Faculty of Agriculture, Saga University, 1 Honjo-cho, Saga 840-8502%) Seibutsu-kogaku 89:
161-169, 2011.

Bacterial communities in sediment samples at two sites in the Ariake Sea, Ashikari and Rokkaku, were
investigated by double-gradient denaturing gradient gel electrophoresis (DG-DGGE) analysis and 16S
rRNA gene (rDNA) sequencing analysis. Seasonal changes of the bacterial community structures were
evaluated by cluster analysis using Ward’s method from DG-DGGE profiles. The analysis indicated that
the bacterial communities were more susceptible to a seasonal effect near estuarine areas than at offshore
areas. In addition, DG-DGGE and 16S rDNA sequencing analyses revealed a shared bacterial community
of sediment samples at Ashikari and Rokkaku, comprising the phyla Actinobacteria, Bacteroidetes,
Chloroflexi, Cyanobacteria, Firmicutes, Proteobacteria, and Verrucomicrobia. In particular, 16S rDNA
sequencing analysis showed that the annual detection rates of sulfate-reducing bacteria, including
Desulfobacterium, Desulfomonile, Desulfonatronum, Desulfonema, Desulfosarcina, and Desulfonispora,
fluctuated between 0-20% and 5-15% at Ashikari and Rokkaku, respectively. These fluctuations may alter
the balance of the sulfur cycle in the Ariake Sea, and might be an indicator of further environmental change
at the tideland.

[Key words: Ariake Sea, bacterial community, 16S rDNA sequencing analysis, sulfate-reducing bacteria,

double-gradient denaturing gradient gel electrophoresis analysis]
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b lrEHELTWS. 7, Kariminiaae-Hamedaani
9%, FRBERZOBEL, AUETEICBIT %
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Fig. 1. Location of sampling sites.
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DG-DGGE i I L7-DNA #4858 & L, HDAI-
GC (5-CGCCCGGGGCGCGCCCCGGGCGGGGCG
GGGGCACGGGGGGACTCCTACGGGAGGCAGCA
GTAGAGTTTGATCCTGGCTCAG-3) & HDA2 (5-GTA
TTACCGCGGCTGCTGGCAC-3) O 7 I 4<% —+t v
N & T, M 16S rDNA @ V2-V3 #ii & PCR #1
L 720, PCR¥§IEIZ13 Premix Ex Taq™ HS (Takara Bio,
Shiga) % M7z, PCR DS, 94°C/54701#, 65°C/1
1, 72°C/1 IO A T v 7Dk, 94°C/1 450, 64.5—
55°C/143 (194 Z Vv ZTE120.5°CHET), 72°C/145
BOAT Y T%20% 4 7 VAT, & 51294°C/1 551,
55°C/147f, 72°C/1 53 % 9% 4 7 vtk 72°C/545 1
DA RIOE & 175 72.

FBAIKH) 121X DGGE mini-electrophoresis system (NB-
1490; Nihon Eido, Tokyo) % f\w:7z. DGGE 7 Vi,
TIZUNT I FOREABD6-8%, ZMEH (100% :
RFETIM, FV LT I F40%(v/v)) OiERRLAS30-
T0% & %% & 9IS L 72 BAUKENIE, 1.0 X TAE
Buffer 11C, 60°C, 50 VOS5 T2, 351266V T
3T o 72, & v T OVEHR O PCRESIEWT F 600 ng &
BRI E L 72, BWAWKE)~ — % — 1213 DGGE marker
I (=vKRKrIy—r) 2w BAKBED 7 IVIZ
SYBR Gold (Molecular Probes, Eugene, OR, USA) %
AWt L, UVIRE T CEiff%57. 55 h-mi{gd
DHENY FOBBIES LOME (N FE—7 DR E) I,
WE{&#MT 2 7 b TotalLab TL 120 (Nonlinear Dynamics,
Newcastle upon Tyne, UK) #HWTHMH Lz &L —
YIZDOWTDGGEY — 7 — X3 A MR BEE LD,
[ UAEDN Y FEFEEL, 4L — Y281 % xR
B1% U ED DR FELTHRIBLZ. N2 FOM
SHEEE (P X, HBHL— DNy FiolE () BIO
[{l—L—monNy FEEORA (N) kY, Pi=n/N
WCTHM LA 2512, Blackbox program (http://aoki2.
si.gunma-u.ac.jp/BlackBox/Blackbox.html) % i\,
7 IR =M adto 28T, FHPMODGGE/N ¥ FoX
y— YR YTIKRY TV e S V=Tl 7T R
F—hricid, =2y FHEEEEZ WY + — Fik%
7212,

F7:, LEDODGGENNY F24)) 1L, HDAI & HDA2
DTIA=—ty FEHVT, LD TPCRYIEE
iT- 7. HEIE L 72 DNA i pGEM-T easy vector systems
(Promega, Madison, MI, USA) Zfiw<C/ru—=r7%
1T o 721k, LR % &t L 72 (Accession Nos.: AB559948—
AB559965). ##5 17-fd5id, DNA Data Base of Japan
(DDBJ) ®#ft§ % 71 75 2 BLAST version 2.2.24'
MW CHFEEKREZIT - 72, & 512, Ribosomal

AT B89



Database Project-Il (RDP-II) (http://rdp.cme.msu.edu/)
B SRSNEERZ SR E L7 RRIENT 217 5 72,
DGGE N ¥ FH ko35 3L RS & FLig iy s Al 2 7R
FHRHEMR 33 M IR AL ALY % LA L, DDBIO#RMET 5
712 A ClustalW, version 1.83%ZHWT7 74 &
v ME{EH L7z, F 72, ClustalW, version 1.830 % 73 3
YRR AE LT, R % Kimura €7V 912 &
DAL, A A EDIC XD R 2 m L7
Bootstrap D Z47 % 1000 | & L 7-.

16S rDNAYA—>34 735 U=k 200644 1,
7H, 10H, 20071 HOEKRICELT, Z2u—rI4
T7) —RAERL 9, MM L7-DNAZFHRIC
HIH 16S rDNA @ V1-VO %I % 8f (5-AGAGTTTGAT
CCTGGCTCAG-3") & 1510r (5-GTGAAGCTT ACG
GYTACCTTGTTACGACTT-3") 754 <v—t v + %
FAW-CPCR#IE L 7210, PCR¥IEIZ1E Premix Ex Taq™
(Takara Bio) # w27z, PCR DM, 95°C /555 M D
&, 95°C/30%%[, 55°C/308R, 72°C/145M DA T v
T &30 A 7 VAT, & 5I2T72°C/5 55 W O iR X
& %475 72. DG-DGGE #: & [i#£Z pGEM-T easy vector
systems (Promega) % W TZ u— v 2fE# L 721,
MI3F 75 4 <= —% H\ T AR R @ 839 ~ 925 bp D3k
Fic4 % fig st L 72 (Accession Nos.: AB559966-AB560125).
5N SNIE RDP-II 252 2 %70 75 4
SeqMatch!® & HJv T, FEAERR & 5 BRI il 2 G AT L
72, Ll OFAETH S N HEMR O IL R % BioEdit
(RH 774 X Mk 7+ : http://www.mbio.
ncsu.edu/BioEdit/bioedit.html) MWW TF— & X— 2
1LL, 7u— RO O MEZ AL 7.

DG-DGGEN> R 7R7 7qLiCE VEBRIhEE
RHEMNERSEDES 72 70BLX0uyhrn2
M DDG-DGGE/N > K717 7 4 )V % Fig. 212K L 72.
HHEONY KT T 74 VHIZIE, FRERT VA Y
T368E, Ty A7 TRIHDONY RSN h
BNV FOMXMEE DMK Z 2, w4+ — FEICkb 2
TAY = ERATH 2 LT, FIERY Y TV OMB S
W% 7 v — 7ML L7z (Fig. 3). ZoOHHE, ERF oM
WHEMEI3 2D I Ay =12 EN. av sy
HkDMRY > i, 73 a9 IR TIFHISE WAL
BICZ T A5 =% L, 240 OB S IS
B REREHIASN o7 —F, 7Y HIUHk
DIERS Y TNVIE, 2200275 A5 —%FEL, 1HD
RV Y INVRBEAED 7 5 AT —FRB L. BLEOK
BIY, TERTHLT7 VN OMERERMEL, ME
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Fig. 2. DG-DGGE analysis of partial 16S rDNA fragments
amplified with universal primers from sediment samples at
Ashikari (A) and Rokkaku (B) every 3 months from April 2006
to January 2008. “M” indicates a reference marker. Each
excised and sequenced band is marked by open arrow and
numbered. Bands from samples at Ashikari and Rokkaku are
indicated on the left and right side of gel respectively. Solid
arrows indicate the identical positions of sequenced bands.
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Fig. 3. Similarity between bacterial community structures of
sediment samples from Ashikari and Rokkaku. Cluster analysis
by Ward’s method was performed using band relative inten-
sities. Sediment samples from Ashikari and Rokkaku are
indicated by the letters “A” and “R”, respectively.
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Table 1.

Closest relatives determined by DG-DGGE band sequencing.

Band no. Phylum Family Closest relative Accession no. Length (bp) Identity (%)
1 Proteobacteria Geobacteraceae Geobacter sp. AF019929 198 90
2 Proteobacteria Moraxellaceae Acinetobacter sp. 793436 198 99
3 Proteobacteria - Olavius algarvensis Gamma 3 endosymbiont  AJ620496 197 98
4 Bacteroidetes - Flavobacteria bacterium Yb008 AB496663 192 100
5 Proteobacteria - o-Proteobacterium MLMS-1 AY459365 199 89
6 Proteobacteria Desulfobulbaceae Desulfobacterium catecholicum EF442982 198 98
7 Bacteroidetes - Bacterium PB90-2 AJ229236 192 93
8 - - Marine sponge bacterium PLATEdelici-(3)-6 EU346576 176 99
9 Proteobacteria Geobacteraceae Geopsychrobacter electrodiphilus AY 187304 191 93

10 Bacteroidetes Flavobacteriaceae Robiginitalea myxolifaciens AB270585 192 96
11 Chlamydiae Rhabdochlamydiaceae Rhabdochlamydiaceae bacterium cvES5 FJ976100 197 90
12 Bacteroidetes Flavobacteriaceae Eudoraea sp. MOLA 359 AM945589 192 98
13 Proteobacteria Geobacteraceae Geobacter metallireducens GS-15 CP000148 199 89
14 Firmicutes Clostridiaceae Clostridium sartagoforme Y18175 198 97
15 Chloroflexi - Dehalococcoides sp. BHI80-52 AJ431247 173 91
16 Proteobacteria - o-Proteobacterium PL12 AB468588 198 94
17 Proteobacteria Ectothiorhodospiraceae  Thioalkalivibrio sp. AKLI11 EU709870 197 91
18 - - Marine sponge bacterium PLATEdelici-(3)-6 ~ EU346576 176 96

—, Unclassified bacterial group.

Escherichia coli (JO1859)

Thiorhodococcus kakinadensis (AM282561)
514 Acinetobacter baumannii (X81660)
gx:ngand 0.2 (AB559949 )

Acinetobacter calcoaceticus (AJ888983)

Tl ira alkaliphila (EU169227)
38 Band no.17 (AB559964 )
545 m Band no.3 (AB559950 )
Melhy/abacmr whittenburyi (X72773)
685 Methylomicrobium album (X72777)

Rathayibacter caricis (AF159364)
Bifidob ium liense (AB433856)
e Band no.15 (AB559962 )
Tannerella forsythia (AB035460)
Capnocytophaga haemolytica (X97247)

Band no.7 (AB559954 )
Prolixibacter bellariivorans (AY918928)
Aequorivita lipolytica (AY027805)
574 Band no.10 (AB559957 )
o Robiginitalea myxolifaciens (AB270585)

Croceibacter atlanticus (AY163576)
Pie S Band no.4 (AB559951 )
Agquimarina brevivitae (AY987367)
- Band no.12 (AB559959 )

Eudoraea adriatica (AM745437)

Band n0.9 (AB559956 )

Demetria terragena (Y14152)

Halospirulina tapeticola (Y18791)
4|m__|gﬁ]3_andno.8 (AB559955)
785 Band no.18 (AB559965 )
Filifactor villosus (AF537211)
338 Clostridium akagii (AJ237755)
752 Clostridium sartagoforme (Y18175)
BT Clostridium carnis (M59091)
979

105

Band no.6 (AB559953 )
Desulfobacterium catecholicum (AJ237602)
119 947\ Desulfopila aestuarii (AB110542)
Desulfurella kamchatkensis (Y16941)
Balnearium lithotrophicum (AB105049)
Band no.11 (AB559958 )

Band no.13 (AB559960 )
_% Desulfocurvus vexinensis (DQ841177)
Desulfovibrio cuneatus (X99501)

= Band no.1 (AB559948)
L Desulfatiferula olefinivorans (DQ826724)
gpo[ Desulfosarcina ovata (Y17286)
Band no.16 (AB559963 )
8801 Desulfobacterium indolicum (AJ237607)

08 Band no.14 (AB559961 )
1o GE Syntrophus gentianae (X85132)
97 Desulfuromonas svalbardensis (AY835388)
Band no.5 (AB559952 )

Fig. 4. Neighbor-joining tree of DGGE bands in the Ariake
Sea sediments and related 16S rRNA gene sequences from type
strains. Escherichia coli was used as an outgroup. Numbers in
parentheses indicate GenBank nucleotide accession numbers.
Bootstrap values are indicated at branch points. Scale bar
represents 0.1 substitutions per nucleotide position.
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WHOLNE o7z,

B, ER L7272 0— v B X NFNTER R
DIFFERCE % H TR %2 17 5 72 (Fig. 4). T DORER
18fflD>/x > Fo 5 571 (Bandno. 1, 5, 6, 11, 13, 14, 16)
A, TN ETNHERETTH (SRB) T & % Desulfo-
bacteraceae, Desulfuromonadaceae, Desulfobulbaceae,
Desulfurobacteriaceae, Desulfovibrionaceae, Syntro-
phaceae, Desulfobacteraceae @ 587 7 A % — % LI
L7.

16SrDNAV O—> 54 73 ) —&IC & 2RSS
SR T ) L a vy r ORI REERE 2
iR A5 E2#HME LT, £HWE807u—r (%A
2070 —Y) Oru—rI3477) —%fERL, -
v AENT AT o 72, Table 2 IZEHERE 234 & L 7-4H[H
PEMRFEOMERER L7z, 72, Fig. SICEML NV TO
MWO A2 2757 CRLE. 2u—r &MLV ThH
B L7236, Actinobacteria, Bacteroidetes, Chloroflexi,
Cyanobacteria, Firmicutes, Proteobacteria, Verruco-
microbia ® 72 O AW A S & 7z FF I,
Proteobacteria DAL OMMEIE T ¥ 4 1) T50-80%,
Oy h 7 T50-75%ThY, BELHEMIZHMLTVWEZE
WRENTz. F72, Proteobacteria L~V THHH L
72¥i%, y-Proteobacteria h¥E S IHFTET 5 Z & A3
Lk eoiz 20066E4H, 7H, 10H, 20074 1H
D y-Proteobacteria DAEAEIL, 7 2 #1) T35, 40, 50,
20%, B Hh 2 T55,45,20,40% TH-72. SRBxEHEH
o-Proteobacteria \Z2\WTlx, 771 T5-20%, av i
7 T15-20% DAFTEH T, WINOHEIZB W THHEITH
W&z, —%, a-Proteobacteria & B-Proteobacteria
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Table 2. List of closest relatives among type strains in the RDP-II database of clones in 16S rDNA libraries.

sligg;ilg;g Months Domain No.* Phylum No.* Class No.* Genus and species No.* Max® Min®
Ashikari  April  Bacteria 20 Firmicutes 1 Clostridia 1 Soehngenia saccharolytica 1 94 94
Bacteroidetes 6  Flavobacteria 4 Eudoraea adriatica 1 98 98
Gaetbulibacter marinus 1 95 95
Sediminibacter furfurosus 2 97 96
Sphingobacteria 2 Terrimonas lutea 1 95 95
Haliscomenobacter hydrossis 1 88 88
Lentisphaerae 1 Lentisphaeria 1 Lentisphaera araneosa 1 92 92
Proteobacteria 11 a-Proteobacteria 1 Rhizobium lusitanum 1 97 97
p-Proteobacteria 1 Azoarcus buckelii 1 92 92
o-Proteobacteria 2 Desulfobacterium indolicum 1 94 94
Haliangium tepidum 1 90 90
y-Proteobacteria 7 Thioalkalivibrio thiocyanodenitrificans 3 92 90
Methylococcus capsulatus 2 91 91
Caedibacter caryophilus 1 93 93
Thiohalophilus thiocyanatoxydans 1 91 91
Cyanobacteria 1 Cyanobacteria 1 Halospirulina tapeticola 1 87 87
July  Bacteria 20 Firmicutes 1 Clostridia 1 Blautia wexlerae 1 85 85
Bacteroidetes 1 Sphingobacteria 1 Persicobacter diffluens 1 86 86
Actinobacteria 1 Actinobacteria 1 Streptomyces platensis 1 83 83
Chloroflexi 1 Caldilineae 1 Caldilinea aerophila 1 84 84
Planctomycetes 1 Planctomycetacia 1 Rhodopirellula baltica 1 88 88
Proteobacteria 14 a-Proteobacteria 1 Hyphomonas oceanitis 1 90 90
p-Proteobacteria 4 Schlegelella thermodepolymerans 2 93 92
Variovorax soli 1 96 96
Leptothrix mobilis 1 96 96
J-Proteobacteria 1 Cystobacter badius 1 99 99
y-Proteobacteria 8  Ectothiorhodosinus mongolicus 1 90 90
Thioalkalivibrio thiocyanodenitrificans 1 89 89
Methylomicrobium japanense 1 89 89
Steroidobacter denitrificans 1 91 91
Thiohalomonas nitratireducens 4 94 92
Verrucomicrobia 1 Verrucomicrobiae 1 Luteolibacter pohnpeiensis 1 90 90
October Bacteria 20 Firmicutes 3 Clostridia 2 Caloramator indicus 1 86 86
Thermosediminibacter oceani 1 92 92
Thermolithobacteria 1 Thermolithobacter ferrireducens 1 84 84
Proteobacteria 16  a-Proteobacteria 2 Methylovirgula ligni 2 97 97
p-Proteobacteria 2 Thiobacillus aquaesulis 1 96 96
Propionivibrio limicola 1 96 96
J-Proteobacteria 2 Haliangium ochraceum 1 91 91
Desulfomonile limimaris 1 91 91
y-Proteobacteria 10 Ectothiorhodosinus mongolicus 2 91 90
Thioalkalivibrio thiocyanodenitrificans 3 92 92
Thiohalomonas nitratireducens 3 92 89
Thiohalophilus thiocyanatoxydans 2 93 93
Cyanobacteria 1 Cyanobacteria 1 Halospirulina tapeticola 1 87 87
January Bacteria 20 Bacteroidetes 1 Flavobacteria 1 Gaetbulibacter marinus 1 95 95
Actinobacteria 1 Actinobacteria 1 Streptomyces niveoruber 1 87 87
Proteobacteria 10 a-Proteobacteria 1 Terasakiella pusilla 1 96 96
p-Proteobacteria 1 Caldimonas manganoxidans 1 97 97
J-Proteobacteria 4 Desulfobacterium indolicum 3 94 91
Desulfomonile limimaris 1 90 90
y-Proteobacteria 4 Microbulbifer donghaiensis 1 90 90
Oceanobacter kriegii 2 88 88
Thiohalophilus thiocyanatoxydans 1 92 92
Cyanobacteria 8 Cyanobacteria 8  Halospirulina tapeticola 6 88 87
Prochlorococcus marinus 2 89 89
20114 445 165



Table 2. (continued)
S]?)I;I:;ilé)?'lg Months Domain No.* Phylum No.* Class No.* Genus and species No.* Max® Min®
Rokkaku  April Bacteria 20 Bacteroidetes 2 Flavobacteria 2 Sediminibacter furfurosus 1 96 96
Ulvibacter litoralis 1 97 97
Actinobacteria 2 Actinobacteria 2 Nesterenkonia jeotgali 1 89 89
Streptomyces albulus 1 85 85
Deinococcus-Thermus 1 Deinococci 1 Truepera radiovictrix 1 90 90
Proteobacteria 15  a-Proteobacteria 1 Defluvibacter lusatiensis 1 90 90
o-Proteobacteria 3 Desulfonatronum thiodismutans 1 95 95
Pelobacter acetylenicus 1 88 88
Kofleria flava 1 91 91
y-Proteobacteria 11 Haliea salexigens 1 94 94
Marinimicrobium agarilyticum 1 88 88
Ectothiorhodosinus mongolicus 1 88 88
Natronocella acetinitrilica 1 93 93
Thioalkalivibrio thiocyanodenitrificans 3 92 88
Thioalkalivibrio denitrificans 1 92 92
Thiohalomonas nitratireducens 3 91 90
July  Bacteria 20 Firmicutes 1 Thermolithobacteria 1 Thermolithobacter ferrireducens 1 85 85
Actinobacteria 1 Actinobacteria 1 Rhodococcus gingshengii 1 83 83
Chloroflexi 2 Anaerolineae 2 Bellilinea caldifistulae 2 89 85
Planctomycetes 1 Planctomycetacia 1 Planctomyces brasiliensis 1 86 86
Proteobacteria 15  a-Proteobacteria 2 Methylosinus sporium 1 94 94
Sulfitobacter litoralis 1 95 95
o-Proteobacteria 4 Desulfonema magnum 3 93 93
Geobacter metallireducens 1 87 87
y-Proteobacteria 9  Haliea rubra 1 92 92
Thioalkalivibrio denitrificans 3 93 87
Thioalkalivibrio thiocyanodenitrificans 1 92 92
Thiohalomonas nitratireducens 2 92 91
Thiohalophilus thiocyanatoxydans 2 92 91
October Bacteria 20 Bacteroidetes 2 Flavobacteria 1 Sediminibacter furfurosus 1 97 97
Sphingobacteria 1 Pedobacter composti 1 92 92
Actinobacteria 2 Actinobacteria 2 Ilumatobacter fluminis 1 89 89
Streptomyces naganishii 1 88 88
Chloroflexi 3 Anaerolineae 2 Bellilinea caldifistulae 2 89 89
Dehalococcoidetes 1 Dehalogenimonas lykanthroporepellens 1 89 89
Proteobacteria 10  p-Proteobacteria 2 Burkholderia ferrariae 1 88 88
Methylibium petroleiphilum 1 92 92
o-Proteobacteria 4 Desulfatibacillum alkenivorans 1 87 87
Desulfosarcina cetonica 1 94 94
Pelobacter acetylenicus 1 91 91
Haliangium tepidum 1 85 85
y-Proteobacteria 4 Ectothiorhodosinus mongolicus 1 94 94
Natronocella acetinitrilica 1 92 92
Thioalkalivibrio thiocyanodenitrificans 1 91 91
Oleiphilus messinensis 1 88 88
Verrucomicrobia 1 Verrucomicrobiae 1 Luteolibacter pohnpeiensis 1 96 96
Unclassified 2 Unclassified 2 Unclassified 2
January Bacteria 20 Firmicutes 4 Clostridia 4 Caloramator indicus 1 87 87
Desulfonispora thiosulfatigenes 1 89 89
Dehalobacter restrictus 1 85 85
Dethiosulfatibacter aminovorans 1 89 89
Chlorobi 1 Chlorobia 1 Chlorobium phaeobacteroides 1 97 97
Proteobacteria 13 p-Proteobacteria 2 Caldimonas taiwanensis 1 96 96
Schlegelella thermodepolymerans 1 93 93
o-Proteobacteria 3 Desulfonema magnum 1 94 94
Desulfosarcina variabilis 1 92 92
Pelobacter carbinolicus 1 88 88
y-Proteobacteria 8 Haliea rubra 1 93 93
Thioalkalivibrio denitrificans 2 93 90
Thioalkalivibrio thiocyanodenitrificans 1 91 91
Kangiella koreensis 1 91 91
Thiohalomonas nitratireducens 1 92 92
Thiohalophilus thiocyanatoxydans 2 93 92
Cyanobacteria 2 Cyanobacteria 2 Halospirulina tapeticola 1 87 87
Prochlorococcus marinus 1 95 95

2The number of detected clones in 16S rDNA libraries.

*The maximum and minimum values of homology.
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Actinobacteria BEE Lentisphaeria B Caldilineae I Anaerolineae
E=== Chlorobia Dehalococcoidetes Deinococci Planctomycetacia

o-Proteobacteria  E= f-Proteobacteria [ §-Proteobacteria
Verrucomicrobiae [ Cyanobacteria Unclassified

W ;-Proteobacteria

Fig. 5. Circular graph illustrating the diversity of bacterial groups in the clone libraries of sediment samples from Ashikari (A) and

Rokkaku (B).

WK LTE, 7¥yA)TlEEnEns5-10%, 5-20%T
WIS ENZ20IZX LT, vy i Tidd, 7THICE
a-Proteobacteria, 10, 11213 p-Proteobacteria ® H 73
Mt &7z, F7z, Proteobacteria DAYOFIHEIZE LT
X, 734 1 HOKIRT Cyanobacteria 5% < Fiih &
N BN D - 72 (40%). Mo A2 B 1) % Cyano-
bacteria DBIFIZ0-5% TH Y, LHIFL WML
dbolEZoND. Ty A 7IZBWTH RO A
Rohzsboon, ZofREIZE <, Cyanobacteriald 1
RIZOH10% O THRIN SNz S 512, WiEo4
HIZi& Flavobacteria 733t L CTHRIL S 7z, &M ET
DEFELE, 7 H 1) T20%, Ty 27 TE10%THY,
Proteobacteria % Bz < M O CILL I ESAE L LT
et &7z, 72721, Flavobacterial, 7 > 7V Tlk
1H (5%) &, ay#27TIZ1I0H (53%) Zdmihsh
28NS, —BNBAFIELOREEZEL TS
Ezbobhb.

—77. DG-DGGE#:2 & ) Z Euh it 7z SRBIZ
LTl 16SIDNAZ u—>r 54 75" —ikTl&, Desulfo-
bacterium, Desulfomonile, Desulfonatronum, Desulfo-
nema, Desulfosarcina, Desulfonispora ® 6 J& H3He it S i
72 T A VIIBWTHES % SRB & Desulfobacterium
THAHDIH LT, v h 2 TldDesulfonemah % <
s hzz, 2o ers, HHIEOKTESRB DT
W TR EMAETRLEL I LAURBEI N, £/, 4,
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7,10, 1 HOSRBOMHHHRIE, ZRZRT ¥4 ) TS, 0,
5,20%CTh Y, TvhrTIES, 15,10, 10% Th -7z

% =

FHABERPOMBEHEDRE  AWf%ETIE, DG-
DGGE#EB I U1I6SIDNAZ U —2r 54 751 —kiZ
X0, HWHEEIR I IX Actinobacteria, Bacteroidetes,
Chloroflexi, Cyanobacteria, Firmicutes, Proteobacteria,
Verrucomicrobia® 72 O M % LR REKME & L,
Proteobacteria MHMES MR Z TR L TnWbH T L%
S L7 F 72, Proteobacteria o W C 3 fEIC
y-Proteobacteria D3 i 2504 § % I A3 A & 7z
I oA ERPOMERE, WMETIIHENZEL
THAELTWADIIH LT, TEBTIEIFHEHI AL
N7z (Fig. 3). DG-DGGEEIZBWTI, 1 HOTEIER
W12 Geobacteraceae H¥ SR (X S 7z (Table 1).
Geobacteraceae %, BHREEREZAT ST EWEIN
TWw 5718 Holmes & 9%, Geobacteraceae ® 30 %k
WKELT, ZN63XRTHY, Yy=ruarr—EtDa-
TaZy b a—F$AEIEFnifDEAETHI L ZH
HLTWA. EHIC, 16SIDNAZE—Y 547 51) —
#TIi, 1 HoFRERF I Cyanobacteria h3% < Kt
SN LA S 17z (Table 2, Fig. 5). Cyanobacteria
&, TrES T LM, MR, RE N EEIAKE
FHRELTHHTE, BEEPOEFRBIRICKECHSGL

167



TV, ZoZehb, 1 HoAEWETEERT T,
NSRS 2 ZRIZOWTIEIAWTH L S D
D, WRBEFMEIMMTONTVLLEEZ LML,

—J, MEINMNET AT v H 7 Tl 16SDNA 7 1 —
Y5475 =KD, Proteobacteria M MRS 5
HMIHEMAST H D a, y, 5-Proteobacteria 7*% 10 H D B, vy, o-
Proteobacteria \Z &3 A4 517z (Fig. 5). a-
Proteobacteria & f-Proteobacteria ® 53 Ai lZ 2T,
BATREE Y (DOM) OREEIEEEZ 2T 5 LS
T W %, f-Proteobacteria® & U Cytophaga-Flavo-
bacterium 7' v—7 (CFB) 3HIKYL#Hi % DOM i T
AT HDIZx L, a-Proteobacteria lZ X DOM i &
BB E 2B, Ty h s D10 18w T IS
ProteobacterialZ il 2, CFBIZ & 3 Flavobacteria X
Sphingobacteria BMBLT 52 Eh 6, THHPH10HIZ
T TDOMIREDSEHREM~NY 7 P L2bDEEZ S
N, L2L%ads, DG-DGGE#EIZBWT, avy
JHFEDERT TV T A 1oL HER 2 5
AZ =% LN e, INOHHMEHEOEE)IL—
W RMPEHTHLIDEEZOLNS.

%72, DG-DGGE#: ¢ 16SIDNAZ 0 —> 54 751) —
BEVWTNoHEICBWTY, Flavobacteria \Z &3 Ml
A &7z (Table 1,2, Fig. 5). AW#ETIX /) O 2l
DVIEANATOND DS, 7Y ORAD—HETHBAI )Y
35D (& Flavobacterium sp. T % & #iF ShTw
L2 L72h o T, Flavobacteria D AFAE L AN
L, AIVIRBIED) ATHFEL b LtEZOND.
HWHEERY O Flavobacteria D534 & A 3 7 1) FRIEHE
OREMZRDRIIZOWTIE, SHRONKRRETH L.

FHABERPFOSRBOSGH  ARWFEICBITLVT
NOMHFLEIZE o TH, BERHICSRBAZ HMRIN &
N7z (Fig. 4, Table 2). 16SIDNAZ E—>2 5475 —
FEICX A SRBOMMEIE, 7YY TIEIA, Bvh
I TTHICRLE L, TheEn20%, 15% Tho7z. K
e D SRB D434 12 B3 5 BEAERIZE TlE, rRNA 71—
TR E D, 1989411 Ho 7 v 1) #ILihEs
Santa Rosa Sound /& T 5% OEA TSRBAMFAEL T
WAL EPMEINTVAEM, 72, 1996FE4ADFT
< —27 Aarhusi®BTlX, Aavy b7ay bnA 754
Y—3a VEIZLD 1825%DEA TSRBA AT 5
TEHEEI N, S5 LLeloup 591, FTUv—
27 AarhusEH# F3-5SmicoW T, WSS %55,
Ay VHRREE, BLUENS OEREEOSRB O
NS, FENENIL3,8,22% THAHI xR L. RWFZET
3 B JE T O SRB OAFTE IS ETHI A B AR H N7z
A, FIUECTRERRICE X 7 VAR ONT v AL EH)

168

LTwhhorfEggsns.

F 72, SRBIIHEEEE 2 KA E W2 A % 72 HS 123 T
THLIERMOLNTWASY, JKRHOH,SIEED EAN
LB E, SREBEICEDERKPORED LAT5E%
Z 5N 52, Kawahara 5221, EKJEH D SRB O 55 i
&, LR ERE (COD) Rz &, KROH
PREORREL LB L EZRIBLTVWS. L2235 TC, A
W RBEEOIRIE L LT, 4% & 5ICSRBOERERK
EBEZS ) YT ERATILEDBDHLDIDELEZ B,

ARFZE T, A B e i o Ml T B 4 4 i 2 DG-
DGGE#EB L U1I6SIDNAZ B =254 75— &
DA L7z, TOME, TREBIMGOWThoE
8 T Proteobacteria "% s & 3 Z MR BEE DT S
NTVBBZEDBHLNP L BTz TNSIERF OMEH
R, AEM %l U THBRYLEIHFIE L TW2Ds,
AR TTHRBISHMERESZ /R TH D, FRICLH (1
H) 121& Geobacteraceae X Cyanobacteria 7 &% 31
RICHS T 2MAPZ B SN EINICH 72, &
7z, &M RO KR O MR B & Desulfobacterium,
Desulfomonile, Desulfonatronum, Desulfonema, Desulfo-
sarcina, Desulfonispora 7z & ® SRB 23% ¥kt S 7z,
ZoZLehs, AWHRERHIZIZSRBAIL 546§ %
TEAURME NIz F7:, SRBOFIEIGFHEICL
RSN, MEFEICRKE 2R BFHIR R > T
DF ), BHRIGERT EOMEIEERIZ B D 2 Ml AR X F=H
I, COEELREZEHIETVIHDOEEZ LN,
AHEORBIREZ LR T 27201218, FHIHITZ
SOEBEERINIE=S ) Y I TLLEND 5.
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