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Abstract

In order to reveal the biodiversity of thermophiles inhabiting Unzen Hot Spring, muddy
water samples from Suzume-Jigoku and Oito-Jigoku were applied to 16S rRNA gene clone
analysis. Eleven clones derived from Suzume-Jigoku were classified in five bacterial and
one archaeal species. Among these clones, thermoacidophilic actinobacteria Acidimicrobium
ferrooxidans and novel bacterium belonging to the class Deltaproteobacteria were relatively
dominant. Other clones were affiliated with novel archaeon belonging to the order Thermo-
plasmatales, Acidicaldus organivorans of Alphaproteobacteria, novel species of the genus
Sulfobacillus, and novel bacterium belonging to the order Clostridiales. On the other hand,
eleven clones derived from Oito-Jigoku were classified in two bacterial and seven archaeal
species. In this community, only Thermocladium modestius of the class Thermoprotei was
identified as a described species, and all the other clones were affiliated with novel species.
Particularly, one bacterial and one archaeal species showed no relation to any described
species phylogenetically, indicating that these species may be affiliated with novel bacterial
and archaeal phyla, respectively. Suzume-Jigoku and Oito-Jigoku hot springs had no species
in common, indicating that these hot springs were biologically isolated each other. These
results showed that Unzen Hot Spring is very interesting habitats for microbiological studies,
where a variety of prokaryotes containing many novel species are colonized.
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3 =

ERRRICERT 2 AR OLZ O —inE O 2T 572012, £l E BRIERICB W
THERIL 72 R K 2 vy, 16S rRNA #B 127 10— VNS X 2 5 AW oo Fl AL AT %
fiofz, BHIRICHKTZ2 11 70—V 5 MoONZFY 7L 1HOT —F7ICHH I N,
INSDH BN ICHBUEESE D 5 72013, BEREMICE T 2 BOFmBEN7 7)) 7
Acidimicrobium ferrooxidans & Deltaproteobacteria #lIZJE 3 5 /N7 71 7 CTHh o7z F72,
BEGHLRXVTHR RN 7Y 7 &M SN S, K\ T Thermoplasmatales H 283 % #r
FO7—F7Hh2r7u—rBHEEN. $72, Alphaproteobacteria #1285 I SR/~
2 7)) 7 Acidicaldus organivorans, Clostridia #2895 Sulfobacillus J& D ¥ifE, Clostridiales
HICE T 2O T THRENEN]L Z7a—rdomBEni. —J, BARHEICHKS
21N 78—V E2MoNs )7L THOT—FT7IC0HSh: Zhbnd b, il
Thermoprotei #i (ZJ& 3 5 W B IR E 7 — F 7 O Thermocladium modestius D & T, DAl
BETHMETH L L SNz FRCnNs Ty 7 1HE 7 =57 VL, B2 R 3 i il
WELIERT, ZNEFNO P AL COFBLMIIETHHTH 5 L Sz KL T,
IR & BARMIROM ST A S i S 7R <, MRS AR S SE A P i X
NTWD EHfEEINZ DLEOERED S, Z2ANRRICEIEFICEEIOFBM N7 T T &7 —
FT7PRERLTBY, NEEIMEYSHSEB L 04 Y AR IR (CERE VI TH
LHEMSHER S N

F—U— N ERE, N7 TV T, T—F7, WERE, 16S rRNA #5271 — VN

1. F

MBREREE A BT B MUEW IOV, ZORZTFIEHR AR NE, B L OBEWHOM
HAERZREIZOWTHIZES 5 2 LI2& D, Hia RBRER IS 2 B2 OGBSI O W T
MBI ERMEKDL. NS0 BIFARIE, N7 TY TR T AL T —F T IR T AT
AW, ThoTvihd Ik LoSEYOELRTHIZ B W TR ES T bhb. 20l
LS, WFEGRIZEEY o LB (LUCA : Last Universal Common Ancestor) 12#% b iV HEE
BEROMAEMTH L EEZ 5N TBY (Stetter, 2006a, 2006b), AW OHPHMELO@EEE NS LT
LIFHWICHE LA TH 5.

I FE TIZZ  OUFER RO BOKMHFLRP BE RIRR 2 S0 BES N T &z, — /T, EEDR
55 DNA 2 W 72N OFE RS, BRI S 5108 L ORBEBROFHRIVER L TWE Z A8
RBEINTVWE, BILLT, TAVADOAL T u—R b= YENAROREEZ HW72N7 79 7 Ol
HEREE AT (Hugenholtz ef al, 1998), HADFH BIR OREEZ H\ 727 — & 7 O HEERE & AT
(Satoh et al., 2013), 7V ¥ ¥ F »® Copahue WEIK DA 2 H 727 —FT7BLONI T 7D
TEAEMEIEMAAT (Urbieta ef al, 2014) R EDBFON L. ZAIRBICAER T 2FHAFICE L TY,
BB DNA # w72 F%C &k ), Korarchaeota [, Crenarchaeota [Y], Euryarchaeota MIZJE 3 %
FFIHBIEO B2 EL T — F 7 OREEM ST R RS 2T (Takal and Sako,
1999). LA L2 ZIREDONT 71) TIZOWTHLE LTS SN et iy 7- 5 7,
SR - RRBREEIAILICZ L v,

ZZTARIIZETIE, EANRR AR T 2B W oMK R LMo —IiE2 N2 7)) 72 &0 TH
LANIT 572012, iR A S BN L7283 DNA 2w, 16S rRNA #if{sT 7 1 — Vi

4
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W K BN 7)) 7 &7 — % 7 W) OREEMEEMNT 2179 F & Lo, BBl REG I8 O 1E
PHERRHRIUE, TS 2 EBIZ B L BRI 21T ) O IERICAE N 2 §HE 22 L 25
n5.

2. M#ERE
2.1 #H#

RIFEOZMER L, BEEEOIZITH IR 5510 & B H ISR E N2 700m O/
WIcAEAEST 5 (Fig. 1, KH, 1973). ZARSEOH TIZIE, KPR 2 295 & 3 5% 300T o
BOKAEIELCTBY, I 00 L7 RN AKAEEM T REZMEL, # 150C o SO,
ROBKIERL TS (KRS, 2002). HEHRIUZE, 2016 4 11 H 10 HIZ ZAliRSE 07 RN
DEER 15em OE7ZE Y (Fig. 2, 81T, pH 29) B X UBARMEMEDEZER 50cm D% %

Fig. 1 Oito-Jigoku, Unzen Hot Spring

Fig. 2 Sampling point in Suzume-Jigoku, Unzen Hot Spring
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Fig. 3 Sampling point in Qito-Jigoku, Unzen Hot Spring

D (Fig. 3, 79C, pH29) ICBWTERM L7, WINBIEKEZHZE ) ORI & & B ITHRALL,
ZERDAD VL) N TIOVIRICHE L, B TERZICHE LR 7.

2.2 16SrRNAEEF/7O—27147T 71— DR

16S rRNA #2127 02— 54 77 —OfFREKIA [16S rRNA #En {7 1 — > OB & 32
FCBUMERT ) 12, Sakai and Kurosawa (2016) 12tV 4772, 3k 05g 2°5, Extrap Soil DNA Kit
Plus ver2 (H#MESBBEMRAEH) 2 HWTEREDNA ZHilh L7-. T®DNA #§/ L LT,
PCREEZE D NI 7Y 7T —F 7 ? 16S rRNA BIZFZWIE L 72, MEBLIOEEHEZ G 2X
PCR 7L 3 v 7 Z## & L T EmeraldAmp® MAX PCR Master Mix (% #1 951 F#A4at) %,
PCR7I9AR—=ENI 7T T —=F70#ET 514 < —TdH 5 Pro34lF (5-CCTACGGGNB-
GCASCAG) B L U Pro805R (5-GACTACNVGGGTATCTAATCC) %72 (Takahashi et al.,
2014). PCR BUGE 25 uL O# 1L, PCR 7L 3 v 7 23K 125 uL, PCR 75 4 ¥ —%% 0.5 umol/L
ORMUEEE), #HMDNA 1ul & L7z, PCRIRE G, 94C T30 MoMMEN %17 7214,
UT 308, 65C GSCIZHRALETIHAZ NI EIZ2CHEZ FTIFL#£IZ55TC) 308, 72T 30
a3 47 e L7z H5N7z PCREWZ, NucleoSpin® Gel and PCR Clean-up ¥ b (%
BTN F RS 2HGTHEREL 16S rRNA B -7 u—r94 75—k L7

2.3 16S rRNA BTV O— > OHgE & IR

16S rRNA #fn¥27a—> 54 75 —%, Ligation high ver2 ¥v b (TOYOBO) %MW T
T-vector pMD20 (% 71 554 FHRAEH) (CHARAR. ZOMBPZ 7523 FeHwOBEglk
¥ L 72 KI5 DHba MO W %, X-gal (20mg/mL) BX U7 Y ¥T Y ¥ (100ug/mL) # &t LB
JERBEH FIC8AT L7z, 37C TH 20 ReIRE 2812, MR 79 A3 FE2RFETLI ALK an=—%
MEAEAIZHIN L, 96-well plate 1220 E L7727 v ¥ 3 1) » (100 ug/mL) % &t LB H# 100 ul 12—
OFORML 37C TR 20 RiMIRE L, BOoNAREHEHME LT, PCREICIDTIAIF
WA BN 72 16S rRNA Eiz T OE% 17572, 2XPCR 7L 3 v 7 A% & LT EmeraldAmp®
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MAX PCR Master Mix #, PCR 794 =213 79 A3 FXZ7 ¥ — pMD20 L OBRHIZH IS %
M13 reverse Primer (5-CAGGAAACAGCTATGA) B X0 U-19mer Primer (5-GTTTTCCCAG
TCACGACGT) % H w7z, PCR KIS 25 uL o1 1E, PCR 7L 3 v 7 Ak 125ul, PCR 7
A4~ —%05umol/L (AR, R 1ul & L7z, PCRIREESAMIE, 94C T 3 Mo w1l
LM EAT - 72, 94C 308, 50T 30#p, 72C 308 % 3044 7 vk L7z, PCREWTZHbH 16S
rRNA #12F 7 0 — ¥ #) 450 bp OIFIBLY) 2 > A — I X Y P L7z,

2.4 WEYEHEBSHEN

H N OYFIEFHIAH R PEAY 98% LA LD 16S rRNA #{5T-27 10— ¥ % 1 2@ Operational Taxonomic
Unit (OTU : IS 2) L LTF L. £O0TU KT LEH % 129 2%V, NCBI
BLAST program (https://blastncbinlm.nih.gov/Blast.cgi) b CTHEIEMZE 2477 10— A3k
TOAMEMORE R T -7z T2, HEMEMRITICB W CGARTR ORI EN* Lo ERRECcE 72
POH % FTIRIETH S homologous coverage (C) %, X C=1- (N/n) ZH\WTEH L7z (Good,
1953 ; Singleton ef al, 2001). ZOFUZBWTNIIME I N2 OTU K, nidfrL7z2a—>o
WA RT.

3. WRBIUEEZE

3.1 #EWEOBZLFYICETIEBREDHERE

EWFNZHRT S 16S rRNA #5111 7 10— 1%, EWoMFEAEOfEL S 6 20 OTU 1244
&Mz (Table 1). TN b0 HHBUHEDSHIIICE 25> 72D1%, OTU : EVA-10 £ EVA08 T
FNEN3 7 u— &7z, EVA-10 O3 IR S, Actinobacteria (AR 1E) MIZE T %
Acidimicrobium ferrooxidans ® 16S rRNA #1nT- & 99.3% —3% LAMICHK T 2 L Sz, A
Serrooxidans (T B #AEFIMEAN 45-50C, R#AF pH A 2 fk O WS BIOF Bk N7 71) 7 ¢
HY, BZRP LY LECCORE 5% TIIWMMTIRARBROMEN THLLEENTVS
(Clark and Norris, 1996). —7J7 EVA-08 O35 3&c411%, Deltaproteobacteria f Syntrophobacterales
H Syntrophaceae Bt® 4 5+ 7 &I6/527 51 7 Desulfomonile limimaris ® 16S rRNA #Eiz T d

Table 1 Detected species from Suzume-Jigoku

16S rRNA

gene Number
OTU Closest species Lo Affiliation of
similarity )
(%) clones
EVA-10 Acidimicrobium ferrooxidans 99.3  Acidimicrobium ferrooxidans 3
EVA-08 Desulfomonile limimaris 86.3 Novelonder of the‘ class 3
Deltaproteobacteria
EVA-17 Thermoplasma volcanium 90.6 Novel family of the order 2
Thermoplasmatales
EVA-18 Acidicaldus organivorans 99.0  Acidicaldus organivorans 1
. . . Novel species of the genus
EVA-11 Sulfobacillus acidophilus 95.0 Sulfobacillus 1
. . . Novel genus of the order
EVA-12  Sulfobacillus acidophilus 93.5 Clostridiales 1
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FWHREZ R L7225, ZFOMHIX 86.3% THh -7z, ZOfHIZ—#IC, WHIZET 5357 579 7HiR
THONLIETH L ZEh D (Yarza et al, 2014), EVA-08 1, Deltaproteobacteria il @ Fr i 7
HIZE T A KLHWDO/N7 79 TICHKT 5 L Sz,

INHITHWT 27—y EN7- OTU: EVA-17 12, Thermoplasmata #§ Thermoplasmatales
H 2| 3 % Thermoplasma 1§, Thermogymnomonas J&, Cuniculiplasma J&, Picrophilus &,
Acidiplasma J& B & U Ferroplasma J&7 —F 7 ® 16S rRNA #{nT-& Z N1 89.4-90.6%, 90.3%,
90.1%, 884-837%, 86.7%, I X U86.0-86.7% DAHFMEZEZ /R L7z, L72A>TEVA-17I1ZZN5 6
DDBDOWT I D J)E L %\ Thermoplasmatales H DOFi R 2FHIET 57 —F 7ICHEKT 5 &
HeE s

0 320 0TU®H B, OTU : EVA-18 O IERAI, Acidicaldus organivorans @ 16S rRNA
BIET L 99.0% —F LzZ s, RIEICHRT L EHEE SN A organivorans \3A T il B
PH2Y 40-65C (FE#EF A 50-55C), EF pH #iPHAY 1.8-30 (F#4E pH25-3.0) DU Zhf iz
Pz )7 THY, FREBKIET A1) AOf 20 —R b= VENVARORRE2SFEHIN TV
(Johnson et al, 2006). MFESM T2 ThR L, Fe* #&i0 L THEASM FTHAEF T 2l EA
Mx2 519 7CTdH% (Johnson et al, 2006).

EVA-11 & EVA-12 O IEEHNE, WAL % BRAL 3 5 & A BRI N 7 7 ) 7 Sulfobacillus
acidophilus ® 16S rRNA #InT- &, TNZFN950% B L 935% OMHEEEZ R L2 &5, Hi
F13 Sulfobacillus J& DO ARFLHFEIZ, #H 1T Clostridiales H O EIC kT 5 EHE S,

FEWRROE72F DB B AL LY B ER S AT T homologous coverage (& 045 TH 1), =
CAWAEFTARO LI VAMIEIC L WSk o EHEE SN

3.2 HRMWEMEDSZEEYICH T IEREMFHERS

BAWIRICHET % 16S rRNA @5 T- 11 70— iE, BVoMREEOMEL? S 950 OTU 1254
HEN7z (Table 2). WFRDOTU b 127 u0—rFzid2 70— S h, FICEVEE TR
HME N 0TU A 572 BAREFHZ, 215 OTU O ) BEtiRfEICHk T 5 L RAIETE 20
131 0TU (EVB-09) ®AT, o 8 OTU I ¢ RTRFEHWMICHK L7z, $#I2 220 OTU : EVB-
08 X ' EVB-17 OFBUMEIZIH ISR, ZNLEWNT T T LT =37 OFBARMICHRT 5 &
SNz, LLTFICK OTU Q¥R 2R 5.,

OTU : EVB-09 O3 EAF1E, Crenarchaeota "] Thermoprotei ] Thermoproteales H Thermo-
proteaceae B OUFEIFEEY: 7 — F 7 Thermocladium modestius @ 16S rRNA #{% ¥ & 99.3% —3X
L7z, T. modestius \ 3 BAEFIMED T5CHE, B#EAH pH 254 1438, BR&ME £ 72 135 <%
THIR RO AU T — % 7 T 5 (Itoh et al, 1998). AfllZZh T CICHRIER (FE
B, Jigimst (b)), FNNRE (BKHE) 22508 S Twb 2% (Ttoh et al, 1998), AL
W& EARBICDAER L TWD 2 SRS L.

OTU : EVB-12 ® i 3 B %1 1%, Deltaproteobacteria # Desulfurellales H Desulfurellaceae %}
Desulfurella J&® 51 D. acetivorans, D. multipotens, D. kamchatkensis, D. propionica, D. amilsii
@ 16S rRNA #{5T & 96.6-97.9% OAMFENEZ R L7722 25, Desulfurella BOFFEIZH KT S &
I, IS 3 DOEHAMIE T NS BEENEDHFEIFTRIEA 4 D ET NI T T ThH I &
75, EVB-12 OHIERG Z 4T 5 BRI 7 7)) 7 S FROWEE A LT 5 LifiE Shi.

OTU : EVB-18 & MlaMEA R b %22 - 72508k fE 13 Crenarchaeota ] Thermoprotei #8® Thermo-
gladius calderae T& > 7273F DI 86.3% &<, Thermoprotei fDOFH 2 HICHK TS LiEE
SNz, —HTZOOTU oL, [T < ZMNER O FEBAY % FERF LI X 0 f##T L 72 Takai
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Table 2 Detected species from Oito-Jigoku

16S rRNA

ene Number
OTU Closest species _gene Affiliation of
similarity clones
(7o)
EVB-09  Thermocladium modestius 99.3 Thermocladium modestius 1
. Novel species of the genus

EVB-12  Desulfurella acetivorans 97.9 Desulfurella 2

EVB-18  Thermogladius calderae 86.3 Novel order o.f the class 1
Thermoprotei

EVB-16  Thermogymnomonas acidicola 84.9 Novel order of the class 1
Thermoplasmata

EVB-13  Thermogymnomonas acidicola 84.2 Novel order of the class 1
Thermoplasmata

EVB-11  Picrophilus torridus 82.3 Ll bbb 1
Thermoplasmata

EVB-15  Nitrososphaera viennensis 84.4 quel order of.the class 2
Nitrososphaeria

EVB-08 None <76.0 Novel phylum of the Bacteria 1

EVB-17 None <77.0 Novel phylum of the Archaea 1

and Sako (1999) (BT, Thaumarchaeota FIIZE T LB SN2 T —F 7D 7 0 — > pUWA43
& 96% OMEME R LA ZoMEAME, —BCHENERNTRINLIMETHLFE»S, OTU:
EVB-18 O/ NIRIE IO WTIE X ) Sl T 0L EETH 5.

OTU : EVB-16 3 &£ O EVB-13 o #& L i %1%, Euryarchaeota ['] Thermoplasmata # Thermo-
plasmatales H OUFEIFEEYE T — % 7 Thermogymnomonas acidicola @ 16S rRNA #IZT L&D H
WHIFEZ /R L7228, ZOMIZZNRZN 849% B L 18 842% TH o722 &H» 5, Thermoplasmata
MOFHZBCIETE27 —F7ICHRT 5 &g sz OTU  EVB-11 o3 RKES S [F L <
Thermoplasmatales H O EIF Y 7 — F 7 Picrophilus torridus & 3 d w5 \WHHFEIVE %2 R L7225,
ZOfIE 823% & S S o7z, L7A5> TEVB-11 %, Thermoplasmata fi D% #l 7% HIZ &5
5T —FTICHRT 5 &g s,

OTU : EVB-15 @ i & B %1 1, Thaumarchaeota M Nitrososphaeria i Nitrososphaerales H
Nitrososphaeraceae £ ® Nitrososphaera viennensis &b mWHREMEZ IR L7255, Z O 84.4%
&M <, Nitrososphaeria O 2 HICHR$ 5 LHiE Sz, £ F 3 Nitrososphaera viennensis
FHPENEO pH TEBETA2HREOT7T—F7TH Y, BRHM (79C, pH 29) 22 SMuh Shi:
EVB-15 2 HK 3 2 Hi1%, N. viennensis LI IHBE R > TWD 2 EREHICHEE SN,

OTU : EVB-08 & EVB-17 1ZW/zo TlX, TNENNIZ TV T KA Y ET7—=F7 KA AL VI
JBEND &) DAL, BB AR TR (AT, R MICE T A ISR T 5 L
In7:.

BRI EOW 72 F IS8 5 BEAEA RS & BT C @ homologous coverage 1% 0.18 & I
HAL, AR CTH SN SN T SIWERT A2MEW O 2 IR X 2w g Shi:.
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4. &

ZAlRSE DFEHIR & BSRHBR I OB 72 F D ISR IS BT B EEAM OMMKZ, 16S rRNA #{z
T 0= SRR X D RAARTAER, Ny TV T TR, T —F T A MO 15 M S s
INHOW, BWEMIEHOTPII3IME Ny 7)) T2/, 7T—F7 1f) T, MWEETREZEOHH
BIEMAEW TH o 72, B8 DNA 2 W2 BHLEET 2B W T, # S RELBRETHO O b 2 &
BHERZ LW ETRESCO LA RNGRIRE TR 205, TN6D% AP L NV THB R
THolZ LIIGHAMITHEI NS, 5 HOMNTTIE, HERIIRETE 727 0— Y BHhE
T 22 70—V EIRFITA o2l b 53 15 MO A B S, ZANRR AR
THHBEOLHMED IR TR EAEE Sz, 51T, EHRE BARIROW 2> 5 3@
Bt SN 72RHII A o 722 &2 5, MR IIEYEIICE RS N Tw b L I N7z
AW, EERE T A 2 Tk o TR L WAERAE LA E WL 2 L7 TE, ThHonT—%
ZHCTHEOREIRS WHE L 2 5. FHBRI S MO RRAFANALEZSEIITHI LIZL - T,
G, BREOFBANZ 7O TRT =T 2 rMiET 5 2 LT E 2 WREMEAVRIR S NS,

4

B TN T BB T Al F ARG FRB AT AR IREE T oIl ORIRIZ I, E AR TOR
FHRIUCEE L T4 2 CRIE 20 £ L2, CoOMMEARD THROEHP L LIFE T

5| F 3k
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