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Introduction



I Introduction

our results indicate that the last
common ancestor of extant life was
a thermophile that flourished at a
very high temperature.
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Figure 1. Small subunit ribosomal RNA-based phylogenetic tree. The thick lineages represent HT.
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I Introduction
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Materials and
methods



I Sampling

KL ’ Ohwaku-dani, Hakone, Japan (35°1422'N, 139°01'07“’E)

> RETLIRY)
vl X O T FEZI50emik B/ B HGH

[EIRESIS

|
-

RmE |

68°C, pH 1.4

20147E6 H

BRZ9200 mLIERINEAETLTEIEER Y, FAERERE
TIXE|LE =




I Enrichment culture

=HAR=E

56°C. 68°C. 83°C

0.01, 0.10,
1.00 % (W/v)
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Modified

Brock' s
basal salt

50 % (w/v) H,SO, or
1.0 M NaOH

@ pH

E£4&M4 (F40, 68 1.4 001K~

7£68°C, pH 14%[1???“0 01% (w/v) YE) TIESE.

— =
=&

(NH,),S0, 1.3g
KH,PO, 0.25¢g
MgSO,.7H,0 0.25
CaCl,.2H,0 0.08
yeast extract 1.0




I Enrichment culture
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I Construction of 16S rRNA gene clone libraries of the enrichment cultures

94°C  3min

94°C  30s

58°C 30s } 30 E A
72°C  1'40"

72°C 2 min

B EENAREIUENETR
ZEES A Triton X-100 (0.2%
, w/v) HI200uLTEZE Ak & ]

Construction
of 16S rRNA
gene clone

libraries
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I Identification of 16S rRNA gene clones and phylogenetic analysis

SEH. 68 1.4.0.1 and 83 6.00.01

5|¥):  A21F (5'-TTCCGGTTG ATCCYGCCGGA)
U1492R (5'-GGYTACCTTGTT ACGACTT)



Results



I Microbial communities of enrichment cultures

Supplemented with 0.01 % (w/v) yeast extract  Supplemented with 0.10 % (w/v)
yeast extract

pH 1.4 pH 4.0 pH 6.0 pH 1.4 pH 4.0 pH 6.0
53 °C +*, B +, B - N ++, A +,B - N
68 °C 4 A s A S SRR F=h A s A
83 °C +; A +, & +,A ++, A +, A +, A

* Symbols +++, strong growth was observed (ODg,, > 0.3); ++, relatively strong growth was observed
(OD¢yp = 0.1 — 0.3); +, weak growth was observed (ODg,, = 0.01-0.1); —, no growth was observed
(ODg, < 0.01)

 Letters A, archaeal 16S rRNA gene was detected; B, bacterial 16S rRNA gene was detected; N, no PCR
was conducted due to no observed growth

Table 1 Microbial growth of enrichment cultures and 16S rRNA gene
Aetortinn



Fig. 1 Microbial community
structures of growth-
observed enrichment
cultures. a Enrichment
cultures supplemented with
0.10 % yeast extract, b
enrichment cultures supple-
mented with 0.01 % (w/v)
yeast extract. .Numbers
indicate the enrichment
conditions used (e.g.,

53 1.4 0l indicates the
enrichment culture
incubated at 53°C, pH 1.4,
and in the pres- ence of 0.10
% yeast extract)

53_1.4_01*

53_4.0_01
68_1.4_01
68_4.0_01
68_6.0_01
83_1.4_01
83_4.0_01
83_6.0_01

Bacteria)

B Thermogymnomonas acidicola
O Thermoplasma acidophilum
B Acidicaldus organivorans

B Acidianus brierleyi

O Metallosphaera hakonensis

[0 Metallosphaera sedula

B Uncultured Sulfolobales |

B Uncultured Sulfolobales II

B suifolobus shibatae

B Sulfurisphaera ohwakuensis

b

53_1.4_001
53_4.0_001
68_1.4_001
68_4.0_001
68_6.0_001
83_1.4_001
83_4.0_001
83_6.0_001

(Bactena

O Acidicaldus organivorans
B Alicyclobacillus tengchongensis
B Thermogymnomonas acidicola

O Metallosphaera hakonensis
O] Metallosphaera sedula

B Suifolobus shibatae

B Suifurisphaera ohwakuensis
[J Uncultured Sutfolobus |




Acidianus brierleyi (AB)
Metallosphaera hakonensis (MH)

M. sedula (MS)

Sulfolobus shibatae (SS)
Sulfurisphaera ohwakuensis (SO)
Thermogymnomonas acidicola (TGA)
Thermoplasma acidophilum (TPA)
Uncultured Sulfolobales 1 (US-I)
Uncultured Sulfolobales 11 (US-II)
Uncultured Sulfolobus 1 (S-I).

Table 2 Representative clones, phylotypes, and closest species (closest environmental clones) derived from each enrichment culture (archaea)

Source Representative clone Phylotype Closest species, accession no. Sequence similarity (%)
(clonal frequency %) (Closest environmental clones,
accession no)
5314 01° 53_14_0larc_07 (21)° Thermogymnomonas acidicola  Thermogymnomonas acidicola, 99.9
AB269873
53_14_0larc_12 (79) Thermoplasma acidophilum Thermoplasma acidophilum, 99.7
AL139299
68_14 01 68_14_0larc_42 (22) Acidianus brierleyi Acidianus brierleyi, D26489 99 .4
68_14_0larc_51 (9) Metallosphaera hakonensis Metallosphaera hakonensis, 100.0
D86414
68 14 Olarc_21(2) Metallosphaera sedula Metallosphaera sedula, CPO00682  99.4
68_14_0larc_53 (44) Uncultured Sulfolobales | Stvgiolobus azoricus, X90480 86.4
(Thermal soil clone, AF391996) g7 2
68_14_0larc_43 (22) Uncultured Sulfolobales IT Sulfolobus metallicus, D85519 86.8
(Bacterial crushed coral clone, 88.4
KCl 9();‘] )
68_40 01 68_4 Olarc_12 (100) Sulfolobus shibatae Sulfolobus shibatae, M32504 99.5
68 6.0 01 68 _6_0larc_01 (100) Sulfolobus shibatae Sulfolobus shibatae, M32504 99.3
83_14_01 83_14_0larc_09 (100) Sulfurisphaera ohwakuensis Sulfurisphaera ohwakuensis, 100.0
D85507
83_4.0_01 83_4 0larc_11(100) Sulfurisphaera ohwakuensis Sulfurisphaera ohwakuensis, 100.0
D85507
83_6.0_01 83_6_0larc_05 (100) Sulfurisphaera ohwakuensis Sulfurisphaera ohwakuensis, 99.9
D85507
68_1.4 001 68_14_00larc_22 (39) Metallosphaera hakonensis Metallosphaera hakonensis, 100.0
D864 14
68_14_001larc_37 (3) Metallosphaera sedula Metallosphaera sedula, CPO00682  99.9
68_14_001arc_17 (58) Thermogymnomonas acidicola Thermogymnomonas acidicola, 100.0
AB269873
68_4.0_001 68_4_00larc_01 (100) Sulfolobus shibatae Sulfolobus shibatae, M32504 99.6
68_6.0_001 68_6_00larc_06 (100) Sulfolobus shibatae Sulfolobus shibatae, M32504 99.3
83_1.4_001 83_14_00larc_08 (100) Sulfurisphaera ohwakuensis Sulfurisphaera ohwakuensis, 100.0
D85507
83_4.0_001 83_4_00larc_38 (16) Sulfolobus shibatae Sulfolobus shibarae, M32504 99.6
83_4_001larc_29 (73) Sulfurisphaera ohwakuensis Sulfurisphaera ohwakuensis, 100.0
et i ddatal
83_4 _00larc_36(11) Uncultured Sulfolobus 1 Sulfolobus shibarae, D32504 95.9
TICCTaNaIC NOL SPINE ClonGg, 093
DQ441483)
83_6.0_001 83_6_001arc_08 (3) Sulfolobus shibarae Sulfolobus shibatae, M32504 99.2
83_6_001arc_03 (5) Sulfurisphaera ohwakuensis Sulfurisphaera ohwakuensis, 100.0
D85507
l 83_6_001arc_01 (92) Uncultured Sulfolobus 1 Sulfolobus shibatae, D32504 95.9 l
TIccrandic ot spring clone, 99,3

DQ441483)

* Numbers indicate the enrichment conditions used (e.g., 53_1.4_01 indicates the enrichment culture incubated at 53 °C, pH 1.4, and in the
presence of 0.10 % yeast extract)

P Clonal frequency (%) of the clones affiliated with same phylotype as the representative clone in each enrichment culture is indicated in the

parenthesis



Table 3 Number of clones, phylotypes, and homologous coverage of
I Microbial communities of enrichment cultures (archaea)
en riCh ment cu Itu res Source Number of Number of phy- Homologous
clones lotypes coverage
53_14_01* 24 2 0.92
68_1.4_01 45 3 0.89
68_4.0_01 14 | 0.93
68_6.0_01 13 | 0.92
83_1.4_01 14 1 0.93
83_4.0_01 14 1 0.93
83_6.0_01 14 1 0.93
68_1.4_001 36 3 0.92
68_4.0_001 12 | 0.92
68_6.0_001 13 1 0.92
83_1.4.001 14 1 0.93
83_4.0_001 37 3 0.92
83_6.0_001 38 3 0.92
Total 288 10 0.97

* Numbers indicate the enrichment conditions used (e.g., 53_1.4_01
indicates the enrichment culture incubated at 53 °C, pH 1.4, and in
the presence of 0.10 % yeast extract)



I Isolation of novel archaea detected in the enrichment cultures

(US-I) 107455 & (10ml)
68 1.4 0.1 US-TI 68 1.4 0.1 }E321XK —> HS-1
83 6.0 0.01 | (US-1I) RS H X B EL0101E
o (5-D). Fr213K

83_6.0_0.01 —. HS-3
60001 pigmp= —

1438bp 16S rRNA 1440bp 16S rRNA
HS-1 S. shibatae (88.6 %) HS-3 S. shibatae (96.2 %)
S. acidocaldarius (88.3 %) S. solfataricus (96.1 %)

S. solfataricus (88.3 %) S. ohwakuensis (92.9 %)
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I Discussion
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I Discussion
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