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Change in eubacteria in sludge by the addition of iron ion releasers

Tsuyoshi SASAKI(Graduate School, Tokyo University of Marine Science and Technology)
Mikio SUGIMOTO(Muubu Institute)

[ Abstract]
Reportedly the properties of sludge have been changed by installing iron ion releasers (also known as X
Balls) in the bottom layer in the estuary of a river to supply ferrous iron ion into seawater. This study
compared the time course between a tank with X Balls in sludge and a tank with sludge only. The
emergent eubacteria were analyzed. As a result, in Tank A (sludge only), bacterial clones closely related to
Holophaga were detected at a high frequency (number of clones = 5, homology = 82.3-86.3%), and in Tank
B (with X Balls in sludge), bacterial clones closely related to Chthoniobacter (number of clones = 9,
homology = 83.6-88.0%), and Candidatus Magnetobacterium (number of clones = 6, homology =
88.0—-89.6%) were detected at high frequency.
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I Introduction were analyzed.

Sludge is soft mud that is present at the bottom of O Materials and methods

bodies of water such as slow rivers, canals, ports, ) )
In two 60-cm tanks A and B installed from April 10,

2009 to September 16, 2010, 7000 g of sludge was

collected from the bottom layer in mouth of Eno

and harbors. It contains specified hazardous
substances, affects the human body via fishery

products, contains much organic matter to release ) ) ] ) )
. . . river. Eno river flows in Nagato city, Yamaguchi
toxic gases, degrades the habitat of fish and . )
. . . prefecture (Figure 1), 47 L of dechlorinated tap
shellfish, causes the emergence of fish with
. ) water, and 8-10cm long large-flowered waterweeds,
abnormal odor, and inhibits the function of ports by .
] T ) 10 g in total, collected from upstream of the same
excessive accumulation ’. To avoid such harmful i
] ) } river, were added.
effects, sediment improvement testing such as

2)

disseminating lime®, cover sand”, oyster shell?, or

clays), and oxygen supply(’), and the removal of 7
sludge by dredging” have been conducted. Taﬁn:ﬁy (L;)thi
Reportedly the properties of sludge have been ¢
p ' y .P p . udg V. " oty
changed by installing iron ion releasers in the Y "’“;ngf, Y

bottom layer in the estuary of a river to supply

b. Yamaguchi pref.

ferrous iron ion into seawater. The iron ion AN T
A Xlﬁ Gad U,
. / A-»I’ffi\g) 4
releasers are also known as X Balls invented by Jﬁfﬁyﬁf . .
i
. . . . . . “‘
Mikio Sugimoto in Ube-city, Yamaguchi prefecture, g0l
Lad I |
8) 2.
west Japan™. P a. Japan
However, the level and the mechanism of the
change in sludge properties by iron ion releasers Figure 1 Sampling site of sludge ( arrow line). The sludge was
collected from the bottom layer in mouth of Eno river that flows
remain unknown. This study compared the time in Nagato city, Yamaguchi prefecture (b.), Japan (a.).

course between a tank with X Balls in sludge and
. . Three X Balls were added only to tank B.
a tank with sludge only. The emergent eubacteria
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The time course of the temperature in Nagato city,
Yamaguchi prefecture, during the test period is
shown in the Figure 2.

In September 16, 2010, sediment was
collected from the bottom layers of tanks A and B,

and was analyzed for eubacteria clones.
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Figure 2. Monthly change of Temperature (°C) in
Nagato-City, Yamaguchi-Pref. from April 2009 to
September 2010.

Eubacteria clone analysis was conducted on
November 15, 2010, at J-Bio 21 Corporation using
ExtrapSoilDNAKIitPlusVer.2 (J-Bio21) to extract
The DNA

concentration in the DNA solution was measured

and purify DNA from the samples.
using PicoGreen dsDNA Assay Kit (Invitrogen
Corp).

II Results

Table 1 presents results from DNA concentration

measurements.

Table 1 The results of density measurements of DNA

Liquid measure of

DNA after purified Density of DNA

Amount of sample
Sample name

(& /D after purified( 2 /L)
Bottom sludge 0.5 100 24.1
Iron + Bottom sludge 0.5 100 115

With these purified DNA as templates,
16SrRNA gene from eubacteria was PCR-amplified

using a primer(TableZg)’lo)).

Table2 Information of PCR primer name and base length and sequences

Name Base length(mer) Sequence (5’ -3’ )

Specific universal 27 20 AGAGTTTGATCMTGGCTCAG
primer of Boc1392 15 ACGGGCGGTGTGTAC
eubacterias R

The number of PCR cycles was determined by
conducting QPrimerPCR in advance to monitor the
amplification process. The formation of PCR bias
and artifacts can be reduced by stopping PCR
reaction at an earlier stage.

However, if the reaction is ended too early,
then the PCR product sufficient for subsequent
analysis cannot be obtained ''’). Therefore the
optimal number of cycles to obtain the sufficient
product for cloning was determined based on the
obtained using QPrimerPCR

monitoring result

(Table 3).

Table 3 The results of number of PCR cycles using of liquid concentrate of DNA

Sample NAME number of PCR cycles
Bottom sludge 21
Iron + Bottom sludge 21
The PCR amplification products of

eubacteria 16SrDNA obtained as described above
were cloned. They were subjected to sequence
analysis for 96 clones each. The primer used for
sequence analysis was 27f in Table 2, to read the
nucleotide sequence of 16SrDNA. The resulting
DNA sequences
database to search for homology (BLAST search).

were matched with a public

Closely related bacterial species were predicted for
each clone. Additionally, it is possible that clones
with low homology can be derived from bacteria of
new genus that differs from the genus that was

presumed to be closely related.

Tank A (sludge only)
Nucleotide sequence information was obtained for
90 clones of 96 clones analyzed(Table 4). However,

12 clones among these were from chloroplasts of

eukaryotes. Bacterial clones closely related to
Holophaga foetida were detected at a high
frequency (number of clones 5, homology =

82.3-86.3%). Homology of not less than 96%,
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which indicates the possibility that it is in the same
genus of the closely related microorganism, was
observed in 25 clones of 90 clones. Homology of
not less than 99.7%, which reflects the possibility
that it is in the same species of the closely related
microorganism, was observed in 1 clone of 90
clones.

Tank B (with X Balls in sludge)

Nucleotide sequence information was obtained for
analyzed (Table 5).

among

96 clones of 96 clones

However, 1 clone these was from
chloroplasts of eukaryotes. Bacterial clones closely
related to Chthoniobacter (number of clones = 9,
83.6-88.0%), and Candidatus
Magnetobacterium

homology = 88.0-89.6%) were detected at high

homology =
(number of clones = 6,
frequency. Homology of not less than 96%, which
indicates the possibility that it is in the same genus
of the closely related microorganism, was observed
in 12 clones of 96 clones. Homology of not less
than 99.7%, which indicates the possibility that it is
of the

microorganism, was observed in 0 clone of 96

in the same species closely related
clones. Nucleotide homology of not more than 90%
to known microorganisms was detected in 55

clones.
IV Discussion

Bacterial clones closely related to Holophaga were
detected at high frequency (number of clones = 5,
homology = 82.3-86.3%) in tank A with sludge
only. Holophaga foetida are known for the genus
Holophaga. They grow in the presence of
trimethoxybenzoate or syringate and produce sulfur
compounds dimethyl sulfide and methanethiol'?.
Both dimethyl sulfide and methanethiol produces
foul odors even at a very low concentrations,
thereby these are designated as specified offensive
odor substances by the Offensive Odor Control Law
and the Order for Enforcement of the Offensive
Odor Control Law'®’ Dimethyl sulfide at a high
concentration irritates eyes and skin, and causes

oxygen deficiency at a very high concentration. It

is also inflammable, causes fire/explosion hazards
by reacting with oxidizers, and its mixture gas with
air is explosive '*) It also is involved in the sulfur
circulation on a global scale because it is highly
volatile when it is generated in large quantities, and
is presumed to affect climate change Methanethiol,
which is produced by the decomposition of organic
compounds in swamps and other water bodies, is
contained in coal tar, crude oil, and natural gas in
some regions'”).

In tank B with sludge and X Balls, bacterial
clones closely related to Chthoniobacter (number
of clones = 9, homology = 83.6-88.0%), and those
closely related to Magnetobacterium (number of
clones = 6, homology = 88.0-89.6%) were detected
at a high frequency.

Genus Chthoniobacter belongs to phylum
Verrucomicrobia. It is known as methane-oxidizing,
with a function to suppress the release of methane

14
). Genus

gas from soil into the air
Magnetobacterium are magnetic bacteria observed
in freshwater and ocean soil, and is presumed to
have magnetosomes abundant in iron in the cell.
Their emergence is dependent on the presence or
absence of oxidizing-reducing substances and
sulfur-reducing organisms'”"'®. It also is said that
the presence of dissolved iron is the requirement
for their survival'”.

Magnetic bacteria under certain
circumstances produce iron sulfide in particular.
Their inhabitation in the area with no oxygen has
been confirmed. They are found only rarely in
water or soil where there is abundant oxygen. It
was confirmed that Fe3S4, FeS2, and Fel-xS are
present as magnetosomes in the cell '®). Whereas
magnetic bacteria conduct microaerobic oxygen
respiration to obtain energy necessary for their
growth, they also simultaneously express enzymes
of the

anaerobic

which is an
respiratory pathway '° ). The facts
that Holophaga that

denitrification pathway,
described above suggest
produced methyl sulfide and methanethiol with foul

odors emerged in the case of sludge only, but their
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emergence might be suppressed by adding X
Balls into sludge.

By the addition of ferrous iron ion releaser
into sludge, eubacteria were detected, which were
closely related to Chthoniobacter that prevented the
release of methane gas, a greenhouse gas, as well as
to Magnetobacterium, which cleaned up hydrogen
sulfide sediment.

The addition of iron ion releasers might
change the eubacterial flora and improve the
environment in sediment at the bottom of a river.
Future studies should be undertaken for detailed
examination of which component in sludge is
affected by iron ion releasers and how the
eubacterial flora is influenced by analyzing sludge

components and isolating eubacteria.
Acknowledgments

One of this research was conducted with
Yamaguchi Prefectural Ootsu Ryokuyo High School
supervised by Mikio Sugimoto, and supported by
JFE 21st Century Foundation for FY 2009. The

authors express their great gratitude to their

support.
[ References]

1) General Administrative Agency of the Cabinet. White
paper on environmental pollution (in Japanese).
Japanese Finance Ministry Press, Tokyo, 1971.

2) Mie prefectural Hamashima Fisheries Research Station.
The report of technology development experiment for
red tides (sediment improvement testing by
disseminating lime) (in Japanese), Hamashima,
1979-1981.

3) Kochi prefectural Fisheries Research Station. The
report of technology development experiment for
nutrient enrichment and red tides (sediment

improvement testing by disseminating cover sand) (in

Japanese), Suzaki, 1979-1983.

- 48 -

4) Hiroshima prefectural Fisheries Research Station. The
report of technology development experiment for red
tides (sediment improvement testing by
disseminating oyster shell) (in Japanese), Kure,
1981-1982.

5) Kumamoto prefectural Fisheries Research Station. The
report of technology development experiment for red
tides (red tide emergency sedimentation testing by
disseminating clay) (in Japanese), Oyano, 1979-1982.

6) Japan NUS Corp. The report of technology
development experiment for red tides (sediment
improvement testing by disseminating oxygen supply)
(in Japanese), Tokyo, 1983.

7) Pacific Kogyo Corp. The report of technology
development experiment for red tides (fishing
grounds improvement testing by the removal of sludge
by dredging) (in Japanese), Tokyo, 1982.

8) Sugimoto M, Sumgimoto K, Sugimoto K, Sugimoto Y.
Iron ion releasers. Japanese published unexamined
application, 2007-268511, 2006.

9) Kanagawa T. Bias and artifacts in multitemplate

polymerase chain reactions(PCR). J Biosci Bioengi 96,

317-323,2003.

10 ) Kurata S. et al. Fluorescent quenching-based
quantitative detection of specific DNA/RNA using a
BODIPY® FL-labeled probe or primer. Nucleic Acids
Res 29, e34, 2001.

11) Suzuki, MT, Giovannoni, SJ. Bias caused by template
annealing in the amplification of mixture of 16S rRNA
genes by PCR. Appl Environ Microbiol 62, 625-630,
1996.

12) Liesack W, Bak F, Kreft JU, Stackebrandt E.
Holophaga foetida gen. nov., sp. nov., a new
homoacetogenic bacterium degrading methoxylated

aromatic compounds. Arch Microbiol 162, 85-90,

1994.



13) Japan society for odor regulation study. Handbook of
odor regulation ver. 4, Gyosei, Tokyo, 2001.

14) Islam T, Jensen S, Reigstad JL, Larsen @, Birkeland
KN. Methane oxidation at 55°C and pH 2 by a

thermoacidophilic bacterium belonging to
the Verrucomicrobia phylum. PNAS 105, 300-304,
2008.

15) Bazylinski AD, Frankel BR. Magnetosome formation
in prokaryotes. Nature Reviews Microbiology 2,
217-230, 2004.

16) Stefan S, Dennis B. Magnetotactic Bacteria. In: Martin
D et al (eds) The Prokaryotes Vol. 2. Springer Press,
New York, 842-862, 2006.

17) Stolz FJ, Chang RS, Kirschvink LJ. Magnetotactic
bacteria and single-domain magnetite in hemipelagic

sediments. Nature 321, 849-851, 1986.

18) Posfai M, Buseck PR, Bazylinski DA, Frankel RB.
Reaction Sequence of Iron Sulfide Minerals in
Bacteria and Their Use as Biomarkers. Science 280,
880-883, 1998.

19) Fukumori Y. Biochemistry of magnetotactic bacterium
(in Japanese). Protein Nucleic Acid Enzyme 40,

919-925, 1995.

Authors

Tsuyoshi SASAKI

Graduate School of Marine Science and Technology,
Tokyo University of Marine Science and Technology,
Minato, Tokyo 108-8477, Japan

e-mail: t-sasaki@kaiyodai.ac.jp

Mikio SUGIMOTO

Muubu Institute, Ube, Yamaguchi 759- 0207, Japan

- 49 -



Table 4 Classofied imformation of closely-related microorganisms in Tank A (sludge only). The each number indicate the number of clones

Domain Phylum Class Order Famil Genus Species
‘aenibacterium s 2
Comamonadaceae 2 S.chlegeleua 1 (fzcmbact(.,rlum sp. HY10(2010) 1
Limnohabitans 1 Limnohabitans parvus 1
e Methylibium sp. T2-YC6780 1
. Methylib 2
Burkholderiales 7 etyiibium Methylibium fulvum 1
) Thiomonas 1 Thiomonas sp. 6C 1
Betaproteobacteria 11 Thiobacter 1 Thiobacter subterrancus 1
Aquabacterium 1 Aquabacterium sp. AKB-2008-KU6 1
Rhodocyclales 3 Rhodocyclaceae 3 Dechloromonas 2 Dechloromonas sp. MissR 2
Propionivibrio 1 Propionivibrio limicola 1
Hydrogenophilales 1 Hydrogenophilaceae 1 Thiobacillus 1 Thiobacillus thioparus 1
Desulfuromonadaceae2 Desulfuromonas 2 Desulfuromonas lh{op .h[/a - L
Desulfuromonadale 4 Desulfuromonas michiganensis 1
Pelobacteraceae 1 _Pelobacter 1 Pelobacter sp. A3b3 1
Geobacteraceae 1 Geobacter 1 Geobacter pelophilus 1
: Desulfonema 1_Desulfonema magnum 1
Deltaproteobact 10 : o 5
SHAproleobactetia Desulfobacterales 3 Desulfobacteraceae 3 Desulfobacterium 1 Desulfobacterium anilini 1
. Desulfatibacillum 1 Desulfatibacillum aliphaticivorans 1
Proteobacteria 36 7 = - - — =
Myxococcales 5 Polyangiaceae 1 _Chondromyces 1 _Chondromyces apiculatus 1
Phaselicystidaceae 1 Phaselicystis 1 Phaselicystis flava 1
Syntrophobacterale 1  Syntrophobacteraceac 1 _Syntrophobacter 1 Syntrophobacter pfennigii 1
. . " . Hyphomicrobium vulgare 1
Hyph: bi 2 Hyph bi 2—
Yplomictobiaceas YPAOHLCIODIuM Hyphomicrobium sp. 16-60 1
Rhizobiales ] Bradyrhizobiaceae 2 Nitrobacter 1 Nitrobacter hamburgensis 1
Y Balneimonas 1 Balneimonas sp. SWF67558 1
Alphaproteobacterie 10 Beijerinckiaceae 1 _Chelatococcus 1C 'h@la{ococcu:\‘ sp. P-117 1
Catellibucterium. 2 Catellibacterium sp. dv4 1
Rhodobacterales 3 Rhodobacteraceae 3 Catellibacterium sp. A1-9 1
Rhodobacter 1 Rhodobacter sp. TCRI 1
Sphingomonadales 1 Sphingomonadaceae 1 Sphingomonas 1_Sphingomonas sp. SAL 12 1
Caulobacterales 1 Caulobacteraceae 1 _Caulobacter 1 _Caulobacter sp. H62 1
Rhizobacter 1 Rhizobacter sp. Z0-YC6816 1
P les 2 P 2
seudomonadales seudomonadaceae Pseudomonas 1 Pseudomonas sp. Z49zhy 1
Gammaproteobacter 5 Xanthomonadales 1 Xanthomonadaceae 1 Lysobacter 1 Lysobacter sp. 1-15 1
Methylococcales 1 Methylococcaceae 1 Methylomicrobiun 1 Methylomicrobium japanense 1
Alteromonadales 1 Alteromonadaceae 1 Microbulbifer L Microbulbifer sp. SPO729 1
Bacteria 78 Holophaga 5 Holophaga foetida 5
Acidobacteria 7 Holophagae 7 Holophagales 7  Holophagaceae 7
Geothrix 2 Geothrix fermentans 2
Rubritalea 1 Rubritalea sabuli 1
. . . . . . Roseibacillus | Roseibacillus persicicus 1
Verrucomicrobiae 4 Verrucomicrobiales4  Verrucomicrobiaceae 4 - —
. . Prosthecobacter 1 Prosthecobacter dejongeii 1
Verrucomicrobia 6 - - Po—
Luteolibacter 1 Luteolibacter pohnpeiensis 1
Spartobacteria 1 Chthoniobacter 1 Chthoniobacter flavus 1
Methylacidiphilales 1 Methylacidiphilaceae 1 Methylacidiphilun 1 Methylacidiphilum fumariolicum 1
Levilinea 2 Levilinea saccharolytica 2
Chioroflexi 6 Anaerolineae 5 Anaerolineales 5 Anaerolineaceae 5 Longilinea | Longilinea arvoryzae 1
norotiext Bellilinea 1 Bellilinea caldifistulae 1
Anaerolinea 1_Anaerolinea thermolimosa 1
Dehalococcoidetes 1 Dehalococcoides 1 Dehalococcoides sp. BHIS0-15 1
Streptomycetaceae 1 Streptomyces 1 Streptomyces rochei 1
Actinomycetales 3 Mycobacteriaceae | Mycobacterium 1 Mycobacterium sp. CNJ879 PL04 1
Actinobacteria 6 Actinobacteria 6 Micromonosporaceae 1 _Actinoplanes | Actinoplanes penicillatus 1
Acidimicrobiales 2  Acidimicrobiaceae 2 Acidithiomicrobiwi2 Acidithiomicrobium sp. P1 2
Solirubrobacterales 1 Solirubrobacteraceae 1 Solirubrobacter 1 Solirubrobacter sp. BXN5-15 1
. Flavobacteriales i Flavobacterium 1 [Flavobacterium sp. 01x1SA064 D03 1
Flavobacteria 2 — Flavobacteriaceae —
Flavobacteriales Bergeyella | Bergevella sp. M2T8B3 1
Bacteroidetes 5 Cytophagia N Cytophagales 2 Cytophagaceae 2 Cytophaga 5 ( vaphuga sp. Dex80-37 1
Cytophagales Cytophaga fermentans 1
Bacteroidia 1 _Bacteroidales 1 Marinilabiaceae 1 _Marinilabilia | Marinilabilia salmonicolor 1
Clostridia ) Clostridiales Ruminococcaceae 1 Acetivibrio 1 _Acetivibrio cellulolyticus 1
N Clostridiales Clostridiaceae 1 Caloramator 1 Caloramator australicus 1
Firmicutes 4 - — - - - - - > - -
Erysipelotrichi 1_Erysipelotrichales 1  Erysipelotrichaceae 1 Solobacterium 1_Solobacterium moorei 1
Bacilli 1 Bacillales 1 Bacillaceae 1 Bacillus 1 Bacillus oshimensis 1
Spirochaeta sp. 1
Spirochaetes 3 Spirochaetes 3 Spirochaetales 3 Spirochaetaceae 3 Spirochaeta 3 Spirochaeta bajacaliforniensis 1
Spirochaeta caldaria 1
Chlorobi 2 Ignavibacteria 2 Ignavibacteriales 2 Ignavibacteriaceae 2 Ignavibacterium 2 Ignavibacterium album 2
Thermotogae 1 _Thermotogae 1 _Thermotogales 1 Thermotogaceae 1 _Thermotoga 1_Thermotoga thermarum 1
Planctomycetes 1 Planctomycetacia 1 Planctomycetales 1 Planctomycetaceae 1 Pirellula 1 Pirellula staleyi 1
Gemmatimonadetes 1 Gemmatimonadetes 1 Gemmatimonadale: 1 — Gemmatimonadaceae 1 Gemmatimonas 1 Gemmatimonas aurantiaca 1
Synedra 6 Synedra fragilaroides 6
i agilari C ilari ilari 10
Bacillariophyta 1 Fragilariophyceae 10 Fragilariales 10 Fragilariaceae
Eukaryota 12
Nanofrustulum 3 Nanofrustulum shiloi 3
Fragilaria 1| Fragilaria pinnata 1
Bacillariophyceae 1 Bacillariaceae 1 Cylindrotheca 1_Cylindrotheca closterium 1
Chlorophyta 1 Chlorophyceae 1 _Sphaeropleales 1 Scenedesmaceae 1 Scenedesmus 1 Scenedesmus obliquus 1
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Table 5 Classofied imformation of closely-related microorganisms in Tank B (with X balls in sludge). The each number indicate the number of clones.

Domain Phylum Class Order Family Genus Species
Syntrophus 2 Syntrophus sp. 2
Syntrophaceae 4
Smithella 2 Smithella propionica 2
Syntrophobacterales 8
Syntrophorhabdaceae 3 Syntrophorhabdus 3 Syntrophorhabdus aromaticivora, 3
Syntrophobacteraceae 1 Syntrophobacter 1 Syntrophobacter wolinii 1
Desulfonema 4 Desulfonema magnum 4
) " Desulfobacteraceae 6
Deltaproteobacteria 23
P Desulfobacterales : Desulfosarcina 1 Desulfosarcina sp. SD1 1
Desulfatibacillum 1 Desulfatibacillum alkenivorans 1
Desulforhopalus 1 Desulforhopalus singaporensis 1
Desulfobulb 2
csutiobuibaceac Desulfobulbus 1 Desulfobulbus sp. RPf35L17 1
Geoalkalibacter 2 Geoalkalibacter subterraneus 2
Desulfuromonadales 5 Bl 4 Geopsychrobacter 1 Geopsychrobacter electrodiphilu: 1
Geobacter 1 _Geobacter sp. GO2 1
Pelobacteraceae 1 Pelobacter 1 Pelobacter carbinolicus 1
Myxococcaceae 1 Anacromyxobacte: 1 _Anaeromyxobacter sp. Fwl09-5 1
Myxococcales 2 T e S 5
Proteobacteria 45 Haliangiaceae 1 Haliangium 1 Haliangium tepidum 1
Burkholderiaceac 3 Burkholderia 2 Burkholderia nodosa 2
Cupriavidus 1 Cupriavidus pinatubonensis 1
Burkholderiales 7 Alcaligenaceae 1 Derxia L Derxia gummosa 1
Betaproteobacteri 10 Thiobacter 1 Thiobacter subterraneus 1
etaproteobaciena Sphaerotilus 1 Sphaerotilus hippei 1
Aquabacterium 1 Aquabacterium sp. P-113 1
Rhodocyclales 2 Rhodocyclaceae Ullulflosllblaqerum 1 Ul 1{1().v.lll.ac'{er‘l?tn7. gangwonense__1
Propionivibrio 1 Propionivibrio limicola 1
Gallionellales 1 Gallioncllaccac 1 Sideroxydans 1 Sideroxydans lithotrophicus 1
Methylocaldum 3 Methylocaldum sp. E10a 2
Methylococcales 5 Methylococcaceae 5 Methylocaldum sp. 05J-1-7 1
Gammaproteobacteri 8 Methylobacter 2 Methylobacter tundripaludum 2
a
iea sp. SY02
Alteromonadales 2 Alteromonadaceae 2 Halica 2 Hal{ca Sp. ‘S),]U' 1
Haliea salexigens 1
Chromatiales 1 Chromatiaceae 1 Halochromatium 1 Halochromatium sp. MTK6IMO0S8. 1
. ‘ L 5
Abhaorotcobacteria 4 Rhisobiales . Methylocystaccac 3 Methylosinus 2 Methylosinus sp. 24-21 2
phap Methylocystis 1 Methylocystis sp. KS7 1
Phyllobacteriaceae 1 Phyllobacterium 1 Phyllobacterium myrsinacearum 1
Bacteria 95
Verrucomicrobia 9 Spartobacteria 9 Chthoniobacter 9 Chthoniobacter flavus 9
Bellilinea 3 Bellilinea caldifistulae 3
. Anaerolincae 8  Anaerolineales 8 Anaerolineaceac 8 Leptolinea 2 Leptolinea tardivitalis 2
Chloroflexi 9
Anacrolinca 2 Anaerolinea thermolimosa 2
Levilinea 1 Levilinea saccharolytica 1
Dehalococcoidetes 1 Dehalococcoides 1 Dehalococcoides sp. BHISO-15 1
Nitrospirae 7 Nitrospira 7 Nitrospirales 7 Nitrospiraceae 7 Candidatus Magne 6 Candidatus Magnetobacterium be 6
Nitrospira 1 Candidatus Nitrospira bockiana 1
Catabacteriaceae 2 Catabacter 2 Catabacter sp. YIT 12065 2
Firmicut 6 Clostridia 5 Clostridiales 5 Peptococcaceae 1 Desulfitobacteriun 1 Desulfitobacterium hafniense 1
irmicutes Graciibacteraceae 1 Gracilibacter | Gracilibacter thermotolerans 1
Clostridiaceae 1 Lutispora 1 Lutispora thermophila 1
Thermolithobacteria 1 Thermolithobacterales 1 Thermolithobacteraceae 1 Thermolithobacter 1 Thermolithobacter ferrireducens 1
Cytophaga 3 Cytophaga sp. Dex80-37 3
Bacteroidetes 5 Cytophagia 5 Cytophagales 5 Cytophagaceac 5
Meniscus 2 Meniscus glaucopis 2
Planctomycetes 3 Phycisphacrac 2 Phycisphacrales 2 Phycisphacraccae 2 Phycisphacra 2 Phycisphaera mikrensis 2
Planctomycetacia 1 Planctomycetales 1 Planctomycetaceae 1 Pirellula 1 Pirellula staleyi 1
Acidobacteria 3 Holophagae 2 Holophagales 2 Holophagaceae 2 Holophaga 2 Holophaga foetida 2
Solibacteres 1 Solibacterales 1 Solibacteraceac 1 Candidatus Soliba | _Candidatus Solibacter usitatus 1
2] y 2
Cyanobacteria 2 Nostocales 2 Nostocaceae 2 Anabaena 2 Analzacna sp. 4277 !
A sp. 08-05 1
Chlorobi 2 Ignavibacteria 2 Ignavibacteriales 2 Ignavibacteriaccae 2 Ignavibacterium 2 Ignavibacterium album 2
. . Actinobacteria 1 Acidimicrobiales 1 Acidimicrobiaceae 1 Acidimicrobium 1 Acidimicrobium ferrooxidans 1
Actinobacteria 2 = = T : : A
Coriobacteriales 1 Coriobacteriaceae 1 Atopobium 1 Atopobium parvulum 1
Spirochaetes 1 Spirochactes 1 Spirochactales 1 Spirochactaceae 1 Spirochacta 1 Spirochaeta bajacaliforniensis 1
Fusobacteria 1 Fusobacteriales 1 _Fusobacteriaceac 1 Fusobacterium | Fusobacterium varium 1
Eukaryota 1 Streptophyta 1 Coleochaetophyceae 1 Coleocl 1 1_Coleochaetaceae 1 Coleochaete 1 Coleochaete orbicularis 1
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