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Biogeochemistry of subsurface geothermal water system
in the Hishikari gold mine

Manabu NISHIZAWA *

* Precambrian Ecosystem Laboratory,
Japan Agency for Marine-Earth Science and Technology (JAMSTEC),
2-15 Natsushima, Yokosuka, Kanagawa 237-0061, Japan

This paper reviews biogeochemistry of subsurface geothermal water stream in the Hishi-
kari gold mine, Japan. The stream, which is derived from a subsurface anaerobic aquifer con-
taining plentiful CO., CH,, H,, and NH.", emerges in a mine tunnel 320 m below the ground
level, providing nutrients for a lush microbial community that extends to a distance of approxi-
mately 7 m in the absence of sunlight-irradiation. Based on the analysis of 16S rRNA genes am-
plified from environmental DNA, change of microbial community along the stream was de-
tected. In the hot upper stream (69°C), the dominant bacterial phylotypes were methane-
oxidizing y-Proteobacteria, and hydrogen- and sulfur-oxidizing Sulfurihydrogenibium sp. In
contrast, the dominant bacterial phylotypes in the middle and lower stream (62 and 55°C) were
closely related to ammonia-oxidizing Nitrosomonas and nitrite-oxidizing Nitrospira spp.
Changes in the microbial metabolic potential estimated by quantitative PCR analysis of func-
tional genes encoding the particulate methane monooxygenase (pmoA), ammonia monooxyge-
nase (amoA), and putative nitrite oxidoreductase (nxrB ), supported the community shift sug-
gested by the 16S rRNA gene analysis. Decreasing CH,, H, and NH." contents and increasing
NO. and NOs~ contents in the mat-interstitial water along the stream were consistent with the
observed transition of the bacterial community structure in the stream.

Key words: subsurface hot spring, microbiology, energy metabolism community shift

1. U & (C

WERIZIE, SR O T YOE R BE LI HBOK ASE 5
% Z L TTE B FRBOBOKIE L b i3 15 G4 12
TE& D MRBIREA D %o BRI I3 R 2 AR
2 b LA E R R ES R AVERL, 72
ORI T & /KIAY S 7 B Y TIRBEMA D R %

* RS ATECE N SRR E L v T T o
IV AFATKR
T237-0061 FHZEJIEMHHEETE EII2-15

Zrizk{MmeunTnb (Skirnisdottir et al., 2000;
Takai et al., 2004; Hirayama et al., 2005; Brazelton
et al., 2006; Boomer et al., 2009) , EKIBIZ BT 5%
AR & BN ORI, MRS T O At
179 M ERAL PR R ARy L 2 B K T 5 B CHE
BIFEiRETH % (Takai et al., 2004; Nishizawa et
al., 2007; Ueno et al., 2006, 2008) . E/KILOMEY)
WERALFAIZE 2479 & &, BB (FRICiE) &
WAL RTT 7 L ADRES TH S &) Fl
EHo, FLAFRBRELE BD ST, Bk Wi
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KTEBUIHHIT L Z L3 oibEYH O 22K
AL A— MVAr—VTileE (HBEHETIEZIV) A—1
Wbty F A—bMVAT =), MAEH L KRR
MM D BEER T D BIR & AT LR 37\ & v ) Fll i s
5o

RO AEWHEBRET ARERT L LT, XD5
ONRFEHE LTHIFS N5, O, Kil, pH, B L=
JLEN, BAKFHMEDEOTHE, TNHERERT
OHT, Kii & B ALK FIREBEWAIC G 2 5 8
LA ESNTWS, 728 21X, KEA70°C %
A5 &9 e MoK R R 2 O B TlEBRIL KSR IR E
Wb 59 Aquificales HDN 7 7)) THIMEE LT
W% (Skirnisdottir et al., 2000) . Aquificales HIZJ®
THENZTITIR, FE L TKERPRELBRILT A2
ETCTANF -2 L Bk R e fE—DRERE
T LA E WM KB EY TH 5729 (Takai et al.,
2002), fLaET AV F — I (ARAE L 72 AL R8 R & Hh Bk
WAGEBSIK T 50 — 4 TR S BN 72 F i3

KR 2370°C LLF) THRAb/K FE il E AR WEREE T
X, ¥ 7 /82 51) 7R Chloroflexi M OGN
T T AME LT A OV — RAE L 72 E W AR e R
I L T35 (Skirnisdottir et al., 2000; Boomer et
al., 2009), 2F 1, B RERTIIILEERBAEDIC
X2 HNIEERD ONEHBEWIIE 2 b/ A TE
RNOZER %Y 7 bBIEE SN D,

—7Ji, WTFICTE&EROMEMERIIED L) %
BOTHAHH? FT, WTEHEED5 LWV
BoMtH 20T, BERBAEWIIEZ b AERIE
FHELER V. —HT, b LIBRPERY % &t
AEERBERI LTWwD 251, B L2RREAKE
K%, BfLkE, 27>, TVEZT Lo
HrBEIZHEATHWATHA ) (Takai et al., 2002) .
COWE, WRKICHEAET 2ETWHE L BTG4 L
L, WSOl T RKAOBEZETZHRE LT
ANVF—RBEATH)BEMPEETTH I LIITETD
bo DF DAY S B VH MR TIOEI Y- 5 FE
iR KD, BEWAH L KDEAREA RS Y V7 L
TWaIETTH 5,

D F D TIRBOEZIT 21T, WRESE T TOM
A R — AR S — AR B — oKL AR —IRLE %
D% CEBRPIEICE SN AR H S, 29 L7z
ARIE, FUALEEBRAEWIZ L - TR b7
BB TOREWEREWEBELHHT S LTbHE
Wkl 2b, L L, #HITHEROBIZEMIZRS 1

2
TBY, MRKET—F LWMAEWT — 7 2463
BRI B ZEN SO TIRRICET 5 b D
7207 CH % (Marteinsson et al., 2001; Takai et al.,
2002; Inagaki et al., 2003a; Hirayama et al., 2005;
Nunoura et al., 2005) o

Z 2 TARBHTIE, ZOZEN G LD TR O
WHIRALEOWI TR E RN T 5. F BB COMAY
R 2 B 2 L CEERERR & 2 555 DNA &
Z OB FREIZOCTOMHEICHYI T 5, &b, ZC
TRAT 2 FRIIMMTFICFER I TWE (72 x
X, Bz, 1999),

2. REPOWENII LT+ —ATE
EOBMNBEMEYEEBINT 275

2.1 IRIE DNA 8

BRI AT A MEWRE0099.9% L I #ER #E TH
HEDSHNEETH B 720, APPSR I N T
WS AR D T (Pace, 1997) . L72A%5
THRBEOAEERIIBWT, BN EELMAENTH -
THENDED L) LR EIT> T 200 ARH e b
Db%\v, —F, BREOAEERTRE ) 208 & Mk
W% TS 5 T & L CEREI DNA O AE R T
»% (Steinet al., 1996), Bi¥i DNA & dd % Bihiik
BHh oS 72 & B 28 2 971 E A L 72 DNA
%89, DNAICIR S FEF MR EY 3— F§ bilx
FTHREEFNTVD, ZOTIEETOEYDIRAT S
ARG (B, TRNA) OBRFICA T, Wik
LA EEZTH 2D —EOEM LM TR VL) %
FEBR e A 2 5 2 R OB T (BREEE T F1
ZIE, amoA 37 Y E=TEHtEZED a7 = b
DOEREEIET ThH b, Tablel) bEIhd, Lizdio
TR DNA I2& N5 rRNA BT ORE» S5 20
BRENCAERT MM oD, HiEE T oM
LEORETREX ) 2RFOBHIHEONL, 22T
BREE DNA ICHRBEIZ T AFAEL TV T, 4T LD
WREFCZOBENEHT A LIIRO 2WT L ITER
BLETH D, Lo L, BB DNA AT IZD) BBk
B L7 & Z 1270 ) 2R OB NS,
2) DNA X ZERWE TH % 72% dead chimney il
JEHEREY) O DNA AT 2 & i 5K O A Wy A BE O 15 b
BonbEwH)FEERH->Twb (Inagaki et al.,
2003b; Miyazaki et al., 2009), BREEH TR E TV 5
A2 RRB720121F, BEAKOLFHERL A v F 2
N—3 g VEBICE2ERNE, €L CREFD



Table 1 Biogeochemically important functional gene.

Host microorganisms

Catalyzed reaction

Coding enzyme

gene

biogeochemical reaction

dissimilate reaction

ammonia-oxidizing Proteobacteria & Creanarchaeota

NH;+0,+2H" +2¢'— NH,0H+H,0

amoA ammonia monoxygenase o. subunit

ammonia oxidation

nitrite-oxidizing bacteria

NO,+H,0 = NOs+2H™+2¢"

nitrite oxidoreductase 3 subunit

nxrB

nitrite oxidation

nitrate-reducing bacteria

NO;+2H"+2e” — NO, +H,0

nap4 periplasmic nitrate reductase o, subunit

nitrate redcution
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sulfate-reducing prokaryote, sulfite-reducing prokaryote

— H,S+e

SO;

dissimilatory sulfite reductase

dsrAB

sulfate reduction

methane-oxidizing bacteria

CH,+0,+2H—CH;0H+H,0

pmoA methane monooxygenase o subunit

methane oxidation

methanogenic archaea

CoM-S-CH;+HS-CoB—CH, +CoM-S-S-CoB *

mer4 Methyl-coenzyme M reductase o subunit

methanogenesis

assimilate reaction

nitrogen-fixing prokaryote

nitrogenase (oxidized) —nitrogenase (reduced)

nitrogenase reductase

nifti

nitrogen fixation

mRNA xR & LB IE TR 4L %2 %5 (Lam
et al., 2009; Miyazaki et al., 2009) . 73, mRNA (&
—KETHL7-DYWHMICTRT SN R T WA TR
{, REWPICHIEL T b RNA MREERIC X > TFH
NS B2 DT, HGHICRNOERZET %,

RICEBIET DN HEICOWTERS, WEXHO
BREEL T OMITTIX, HWOBELZ A T HE8W
FROWIFE A & IR ILELH A3 S N7 RE (R T & At
IZLT, ThEMPIERENZ D OBETEMET S

(HFEEMNT) . LA L, HEOREEMLETIIH LT
&2 F THERS AP TWIUEFE — DR EE T TH
BLRBET LD, ZOMBIZIFHL v, 728 213K
HE D FRRE B AR T IR L TR AL S o #H F 4 2370242
EdHoThA— FEINBEOREVPRLLILEDLH
MUE (nifH cluster I & nifH cluster IV; Staples et al.,
2007), MHEMEDE T %RE TS AEOKERZT T
HHIEebHDH NI FVTET—FT D amoA) i
S NTARREE AT LATIERIAN K & < B 5 HEHE
KANOBRTF25, WIEHEOBRZTEFEUEREELET S H
I aMb =012, EEEINED X 57 ) LT

(RMBERTETIAIFEVDNBLERKRTARE
DNA (ZHL A AR, KW o TR Bl S & THEE % fif
W3 5FHE) PEHTH S,

2.2 PCR %

B3 DNA OfFTER A w79, 35 DNA o
2o HHOBMLETFERNT 52720121, 20#EFO
BE RRAEEOLIOERE ICHIET 2 LN D 5,
PCREZEE— DT 74 ~— (HWE 3% DNA 5%
DWW TENZNH O DNAFHIZT = — IV § 520~
3035 L F2 . O DNABI ) EDNAK Y 25 — &

(DNA H#i#ER) 2 b0, 794 ~v—IlHkFh
7> DNA %38 % 38 88 FUS THREBIBN IS A T 5 i
ThHY, HWBELETOR % KIFE CTLOM5ICHIET 5
ZENTE S,

F7-PCRETHMWOMETHIF 2 IR 5 & &,
TR DNA G T AL ENEERTHAIE ([~
F—A V=% —) &IUSRITMZ TG OHGHR &
ZEHIT UL, HOGHE QRIS HOUIREE D IR
y =) PORBERBICBI L HNELRTOREZE
BIIRKD L Z ENTE S (€= PCR 1, Smith and
Osborn, 2009) .

2 LHOGBRE OBE/ N 7 — V3R X2 5 —E S
ZHETLIWHOMBELREIIL L TRES R LS,
REAR CERWHEY~Y ) Q@3RI 2 F7—F
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POt % B 2 0 4 OWE D4 GG THET 572
W, BIETHHOENFRUTH- THRE L IEE
TR NS — 3B B REE AR (Smith  and
Osborn, 2009), ZD#ER, KKHAEHIIEEFNLHD
BIZFOIEERREOFIIIHEE L S, £& PCR
BCHRONLBEERH FTEEMELTEIONT
W5,

2.3 yO-— 8@

PCR TR L 72 B O MR T W o flif (GREAR
FITHE LR L ZOMNFELELREZRDIZWE
X, 7U—VEIIARNTH S, 2L 2 ITEND#EER
Wil 25 TRNA # {2 Tdh % % 51F, PCR THiIR X
N7z rRNA B2 F O & M fFEREN 7 u— Vi
Mrsfohbd, 72721, PCR#BEDEE T EYIX
PCR i O #E T Wi L2 IEREIC R L 2oV, Z 0%
R, b L ORI B 2 HBEY RO M AR %
rRNA EIZ T 70— VI TRO L Z L IIWEETH
D, BHHEREIHCETSEMELTRZIOSATY
5o

3. BEX& LT Bk g O FEH]

3.1 WERT
FEAGNE, BIERRAHET OZEAMX FEIZH 2

~ Maindeposits (AWsite)

:::. Crosscut

Quartz vein |
(Pleistocene,
0.84-1.01Ma)

Dewatering Boreholes
(AW series)

" Inclined shafts

o
I Dewatering station
(320m below land surface)

2
HARKDOEHIITH 5o Fig. NIZEA G 1L T O H
B2 R, BANEINIAELONE HBEREOH
BREMEAE L, RNESEZANLTEIENL ORI
EERNENFET 5. EHREEESDT7 52
F o =i THMEFMICEHEALTEY, KES
EHT D~ 7 OIEEHE ) BOKOTEEIC X o TR L
Il IN TS (Izawaet al., 1990)

HTF320m DY, KAGEIR O H B K A3 H
L CAKEH mm, BT cm, £S10m BE O
HTETHED, MRICEIFBEOBEY~ v I5E
LTWwW5, BAMBIEENS, ZoMAEw~y i3k
W, BRI, Si OKER sk &) CHER S, BEHH
PRI W LR - & o THWR R AMIE L T
w5 EZz b (Fig. 2). Hirayama et al. (2005)
T, MBO2» 5 OMmBHE#EA21m, 3m, Tm Ol
MEZzhZn ki, i, Fitk el Tk EmE
WRABL DR 21772 o 720

3.2 Kbk

RAEKOWIALF M % Table 212 F L 7z, &
RIKILEEEME D HK T (salinity 0.1%, pHb5), WA
HTOKEIZTOC TH Do BRKIIKEST, 2%
Y, TYEZTAIEDLAMEE D 20300
(LS55 DU FE VL TRLR K A3 B2 & T IRIC 2 > T

Potal S

Andesitic rocks
3t .'..j: (Pleistocene, 0.95-1.78Ma) 'fj Ej:j

Sanijin Deposit
(XW site)

Shimanto Supergroup
(Cretaceous, 100Ma)

Dewatering Boreholes 30m
(XW series) I

Uneontomity

Fig. 1 Schematic cross section and the subsurface geologic structure in the Hishikari gold
Mine (modified after Inagaki et al., 2003a).
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“microbial mat

Fig.2 Photographs of Hishikari subsurface geothermal water stream (a). Microbial mat
developed in the upper stream (b, ¢). DAPI-stained microbial community in the mat
developed in the upper stream (d, e). Filamentous bacteria in Figs. 2d and 2e are
probably non-phototrophic bacteria belonging to phylum Chloroflexi.

Table 2 Physical properties of stream water and chemical components in mat-interstitial water of
Hishikari subsurface geothermal water stream measured in November 2001 (Hirayama et

al., 2005).

Temp. pH DO ORP Salinity NH,"  NOy NOy’ H,* CH,® SO~

°C) (mg/L) (mV) (%) (uM) (1M) (rM) (uM) (uM) (1M)
upperstream 69 5.1 03 -130 0.1 116 nd. n.d. 0.383 278 620
middle stream 62 4.9 04 -16 0.1 69 159 173 0357 0346 598
lowerstream 55 4.8 0.6 40 0.1 52 304 224 0.048 0.025 617

S*/HS’ content in hot subsurface aquifer water is reported to be 100 pM (Takai ef al., 2002).

a: chemical data measured in April 2009.

NHEIZENZEP L TWb, —FT, WS
TR DU FE ISR IR A3 VA & T IS 12 o T [
WZZENZENREA LTS, 2B, HRRREEIZHRBIC X
53T ETH Do THENDORKUIHED KK
EHEAF L TH Do EiiH S TRICHT TR S

7o KDL FHE DB S S, T v E=THLE
BB ASRIROMED < v P TIHERIITbR TV S
CEDIREEIND, FMAEWIC X ZRERILE XY
VLD IERITIT N T WA Z EDRERISRIE S R
5o —77, ZOMAEY<y b TIEBERETIZIEISICR
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ETninZ v TIN5,

3.3 v FOMEYEER, GG FHERK

ILFHE DT — 7 o PRI N MAeEY <y FTD
FEL T AV F NI EY YT — & OFAF T & B
52 LTHEMZz2bDE %5, v FOBRYDNA IC
HGENDBN7 T T ORNA BIET O 7 0 — VRN
6, bRt~y MRFREA Y VBRIENT T T

(y-Proteobacteria, Mi.5¢48), Pk BES K -
BE AL /N 2 79 7 (Sulfurihydrogenobium J&, il
3K EE) 72 B ONIC Chloroflexi P\ JB § % R & 2
DONT 7)) THMENT 5 (Table 3; Hirayama et al.,
2005)c —7C, Wit - Py P TRERNET VE
=T N7 79 7 (Nitrosomonas &, ILHE)
AP RS ERERIL N 2 7 ) 7 (Nitrospira &, it
SHAE) DTS (Table 3),

RIZKHAILD~ v + OB DNA (23 1 2 ki
fZTOfFEE % A D (Table3, Fig.1)o X771 7
DAY Y BRILEER OREEEIE T (pmoA) E L~ v
MZZWDIH LT, N7 TV TOT ¥ EZTRILEE
FEMARRIRACEE R OB EIZ T (amoA, nxrB)
FEBITHm~ Y FETHRY Y MIE v,

B RAL S & BB DNA O # {5 T-Hk o f5 R 2
b, KOMBABON 2B, 1) L=< v b Tldy-
Proteobacteria & Sulfurihydrogenobium J&IZ & - T
IS X 5 TRAL L KFERAL S E N Z G I T
TWwb, 2) —J, Hi~ v b & T~ v b Tid Nitro-
somonas J& & Nitrospira &2 & > TIFRWNT v €=
T BRAL & iR AN ERER L As 2 2 NG T 12T LT
Wb B, EIICELT S Sulfurihydrogenobium
BITCERRME LT BRIt 52 L TH T4
NWE—%B{LIENTES (Takai et al., 2002), L
L, v b OEMEBIEE MR K OILARL O R
ERET 5L, BGRETIIUEREE R F 4 ki
3hinweEzoh, v M CIRREBLIZERICT
bhiTwineFHEIN . DEd s, ZEAM TR
TiE, ¥ v MIELT 2L A M REREY O
ANVF—RB L - T, RRKDILFAREA DT 04
E10m OB TRECEILL TS Z A
%72 (Fig. 8)o

3.4 PELEPHFBRAMKIREICEK S h -MEME

BREDIE

ZEA G LD Hh TR T BOK DIbFAHRLK & i Yt
) 7L, AL AN RERCEY BRI
HKE - EBIL N2 7Y T, MR RA S Y ERbN S

Table 3 Molecular characterization of microbial mat at Hishikari subsurface geothermal water stream

4

(Hirayama et al., 2005; Nunoura et al., 2005).

Bacteria/Archaea# amounts of functional genes in microbial mat DNA assemblages

Bacterial community structures based on the bacterial 16SrRNA gene clone analysis

bacterial ammonia nitrite oxidoreductase

particulate methane

methane-oxidizing Hydrogen/sulfur-oxidizing ammonia-oxidizing nitrite-oxidizing

monooxygenase gene gene

monooxygenase gene

bacteria

bacteria bacteria

bacteria

bacterial amoA nxrB

pmoA

Nitrospira sp.

Nitrosomonas sp.

Sulfurihydrogenobium sp.

y-Proteobacteria

(copy/ug DNA) (copy/ug DNA) (copy/ug DNA)

(%) (%/%)

(%) (%)

(%)

1.0 x10°

1.1x10°

20/80

20

31

upper stream

1.5 x107 2.8x10’ 2.0x10’

32 90/10

22

middle stream

2.5x107 2.0x10° 1.4x10’

98/2

41

lower stream

#: Archaeal population in prokaryotic community was estimated by the 16S rRNA quantitative PCR (Nunoura et al., 2005).
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Fig. 3 Summary of geochemical and molecular bio-
logical results of microbial ecosystem in
Hishikari subsurface geothermal water
stream (Hirayama et al., 2005).

TUT, W7 27BN T T, AR
TR N7 7)) 7)) EL L AR INT
Wb Z Edbhoiz,

—HT, BERRRETIHLEEEBEY (SR
RFEBALTE, WAL, BRI ITH,
FEREW 72 &) MBS L 72 AR RERILKIRT0°C P ook
WIS, KIRTOCLUTOKRTIEL 7 /N7 F
) 7 R Chloroflexi MDA /NI 7)) 7 0BT L7
WA A RER A LT\ (Skirnisdottir et al.,
2000; Shock et al., 2010), ZEX 4O TR TH
BT AFBEOT VTR T T R R
ftN7 7)) TIdELRRRTORE SN TS5, AR
RIZBWTEMIZEB L T (Lebedeva et al.,
2005), L724%->C, B LR & TRRICENRZER
FET HAERROE T AN TR D EELYHE LS
HF I KEETH 5,

K2, ZENE Lo T RE OMAEY AR & R

K (aquifer water) DMAMAERRE LIKT %, 7
WMBUKD S, Bt~y b ORI S N EEERSED
KFE - EBAL/NZ 7V T (Sulfurihydrogenobium
&) Tz T, /AN SIS R0 o 720E
WA VAN 7 7V 7 (y-Proteobacteria) & KKt
F2 1k OPB 370 rRNA #& T 23l S 1172 (Inagaki
et al., 2003a). 72, BiDHDNN7 7V TIIBEEE
BRCHGE L 7-DC, AWTH Y, BAKHKBNTHIE
BlLTwbEEZ2 515 (Inagakiet al., 2003a) .

JRSR ZROK OB W A BRI T L IR 0 F TR
T, WEMRROEEEDSZ L EHEE LTHT
bNb, T/, WRBAKITELT 2HEBEHRKEDOK
F-BREBRAIL N2 7 7 (Sulfurihydrogenobium
B) SBTFEZEMRE L TBELZT TR, FREKIZ
10~100 uM FEEEEAFS 2 BB OLEY (BERR, =i
%, i) ZAHTE LI LAEEER)LREIN:

(Takai et al., 2002)s Z® X 9 ZIFHA 5, HHN
BOKRBRBE TR B AL b oW kS h, AfE
RTELELTVDLEVHRFEFLTOHND, T2, J§
RBRER 2l 5 7o EER T RO X ¥ VB bW
LWL 72DT, ZOWIIFREKIZHHAT L2HBHE

BuM) & X% V&Moo THIBRNBKERE TR
Ay YBAL AT T B RENA S % (Inagaki et al.,
2003a) . Z D X I IZFICH % HUT ARICHERME O BT
2 ThHR RO ER MY DOFETEIN TS
Z &L, oSO TFRYS DHE I N TWEA,
IR AR O H3 N T OARENGENE 50 & 22
o TWwi\y (Murakami et al., 2002) o

4. BEDERESHDESE

B8 DNA AT & iR K LF AT 2 LA B b2
T, 1) ZEAE I T RRE OAWAHIZIR R KO
SRR OKFE, 2% v, 7yEZT, WEH) 12X
TEREICREEIND Z L, 2) mEKDILFHBL, FFIZ
RS AL AW ORI AEMHIC L > TLED S
T RELEL TS Z &, 3) ki, Pk,
THO~<y NTHAEWHIKRES R 2L, 4 £
TIRDO~ v+ OFEMAE LA ERBILRETH S
ek, ZLTH BB TOEELRT A F L&
N7 T ) THEOMIGERAFREHTE 72 (Hirayama et
al., 2005) .

L2 LU T O3>0 \EEMMIT T 2RI Tk
WV, ORI, XNy MEBRICBITLT —F
7 O HERAL W EITH o FERAEHDOD 5 —D
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DFEAL Y ZRERTHT—FTIZOWT, vy MIB
BB, AR, oI AVF BT S
5%#)1% Hirayama et al. (2005) TIZZEE SN Tk
W, COMEEMRPT 5729, Nunoura et al

(2005) ZEA~< v FZOWTT —F 7 @ rRNA i
T O &2 4T, <y MCHFET L7 —F 7 0%/
EFTEE RIS Lz, £ 9= PCR T O R, L
W~y M2ENZ 7)) 7T 2207 —F 7 HHF
ETHIEPPLNICR o7 (v MEEW D80
%)o FI2ZDT—FTR VLY T—FTMOHFR T
V=TT RERBETHL I LV Hh ol
(HWCG III: hot water crenarchaeotic group III),
HFABOBN2S HWCGIIL X L~ v MBIT 5
IANF— 70 —RRETI—ICBWTEEL %
RELTwD EHBINH, 2005FE DR TIX S
DT —FTHIy PTMET->TVEDO0IEAHT
Hoto LALZOHBOIZRICE D, HWCGIII ©
AT Y E=THBILIC L > T ANV F -2 5T
B b 3% & ME— D R & 3 AL A AT 5284 W)
THHITEHHHH L7 (de la Torre et al., 2008), %
DOFFR, Eii~y PTIIRBEER T v €= 7B
BWTHWCGII %52 EFHICKREVWEFHTE
BH, TNFTOWET— % 51358 B M 2 R0 XN
WTH b,

BORMEIZ, ARRICBITAEETO—DRET
HDHo ENEINOH TR TR T ¥ T =7 BRI il
BREBAL SIS RIZAT DN T WA Z LI N o7z
A, BFEILAYORETFT—5 ZFTREREThOI A
V¥ =759 7 ARFFHETERV, 8% 5 X
DIREX, 7Y E=ZTEBILEOT ¥ E=TERAL/IZTT
%, ZHOMEWMHAT ) WMERITICE > THHMT
WO THb, FRBRFOT VEZT NREIEXT ¥
EZTBLWOT vE=TBLZT TR, ZHOM
HEWAAT) FMLIC L > THWPT 205 TH D, 2D
I ICEFLAEWIED 72 ) oA RHEBS I IE D
5720, WEOHERIZT TIRRE KIS DM ES % 5]
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