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Abstract

We isolated and characterized the bacteria living in acidophilic thermophilic environments
at the Hachimantai Hot Spring Area, including Toshichi Hot Spring (91.6°C, pH3.35) , Fukenoyu
Hot Spring (91.5°C, pH2.65) , Goshogake Hot Spring (80.1°C, pH2.10) and Tamagawa (Higashimori)
Hot Spring (2 points-71.4C, pH2.55 and 92.5C , pH2.05) , located in Iwate and Akita Prefectures.
Nine strains were isolated from the hot spring water samples, and their characteristics were found
to be as follow: 1) These bacteria could grow well in aerobic conditions, but they were not able
to grow in anaerobic conditions. 2) Morphologically, they had a lobe form (resembling a spherical
form) , no spores and no flagella. By electron microscopic sectional observations they were observed
to have specific cell walls and cell membranes. 3) Growth temperature range was between 55C
t0 90°C (optimum 65C to 75C) . 4) Growth pH range was pH 1.0 to pH 6.5 (optimum pH2.5 or
pH3.0). 5) They could only grow in sulfur or some organic matter. Based on these findings,
the bacteria were determined to be Sulfolobus spp.. The characeristics of the isolated strains
were compared with those of the type strain(Sulfolobus acidocaldarius ATCC 33909), and the
morphological and physiological characteristics indicated that these bacteria were similar to
S. acidocaldarius . However these strains seem to be of a new Sulfolobus sp. in terms of the
GC content of DNA, cell diameter and utilization of sugars, so the isolated strains were identified
as Sulfolobus sp. . It is interesting to note that different kinds of Sulfolobus are found in
acidic-hyperthermal springs in Japan.
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BfThh® 81D, LA DV TORFT LI TWE 1. L2 AT, DX lifédt
HEOFRT, Fa DI GE LT AEFERIFEWEE Sul folobus T2\ Th D L, ZOHIFED
Fevii & 75 o foDHiBrock T. D. (1972) HOBFFET, % 513R 7 (Yellow Stone National Park: USA)
b, FNETRED L\ IFERIFEMME A 58 L, £ % Sulfolobus acidocaldarius & iy %
LFfE s LCEE#E Lic'®. —7, DeRosa M. (1975) Hid A & U 7 O 7 (Pisciarelli solfatata)
D6 S. acidocaldarius &R D R o T-HFEEIFEWVER % o BERE L 19, £hi3 R Zillig W. (1980)
LI X DS, solfataricus & % i 1®). HHET$ Furuya, T. (1977) & (X F6E KA R =
LIOMEEEULCEEETEE L, TOMRFLCOVCTHRELTLA19. 2 LITHEMD (1985)
b AR KA TR 5 (pH1.45-pH1 .54, 91.6°C-94.8°C) T TSul folobus BEDME D4 B4 #ER T 5
—7, au=—FRECTHTBMCEY L, TORBEEZFC OV THMCHRELTW51D. &
T AT O BIMESul folobus 13pH 2.5, T5SCOEMETR CL S BT AMETH D,  OHIHE
SFUEDRRT L O OMERER, WHBEORRCASEBRLTVWALDEELZLNEN, £OD
HEESTHEMLNTWIRWT EBREL B S.

DX BERNLD, BARDOPIERA R T AR 2 ME Sul folobus D 43 Afi s © NI
BRELYHETSHNT, AREH LT 5 SIEMEEE DR FE % 5 R Sulfolobus O 47 B « 17
ERIT-> T\ 5. 40, AROHEMS DR TLIEHICHE A TH 5 NAETELOERMBEER4 »
5 M S A BIFeR % & U, BRI EE MR Sul folobus DZREFT - 1o & 2 A, L TOMRBISul folobus
BREBLTWADRbMR T EHIIDSulfolobus DR RL T T A IFRDMENE S
Nic. FORITIIBAEE TREDD - fobk & Bre o LR EZRITEENEE LE%RD 5 RSB
Bhitc. EHE, NEFRAAORRCAERTAIHBMEOSMFLOWTLERET 5.

2. HHERIRERBRAE

2.1 A¥HKE(Fig.1, Photo 1)
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Fig. 1 The location of Toshichi, Fukenoyu, Goshogake
and Tamagawa Hot Springs in Hachimantai
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Photo 1 Sampling points of hot springs in Hachimantai Area
1) Toshichi Hot Springs 2 ) Tamagawa Hot Springs
3) Fukenoyu Hot Springs 4 ) Goshogake Hot Springs

BAHRER HEHE), FINRREHREK 2R THS. Thb 5itan biRRKE L O
WM ERY) o F Ly RARCOn], KEF)ICER L. Thi2HABCHLIE D ERICH
Lfc. Fio, SURHREUE S DRI S & OpH (3R TRBHRIVRICHIE (pH51, BEFER) Lic.

2.2 MEOSBEEE

i & L CBY -medium '® (basal salt: Li,SO,°H,0; 5mg, CaSO,2H,0; 230mg, MgS0,*7H,0;
90mg, FeSO,*TH,0; 23mg, Fe,(SO,) 52xH,0; 50mg, Al,(SO,) 5214~18H,0; 30mg, MnSO,*5H,0;
8mg, KH,POy; 280mg, Na,SiO5°9H,0; 520mg, Na,Mo0,°2H,0; 30mg, Nay,B,0,°10H,0; 5mg,
(NH,4) 2SOy; 1.3g, yeast extract (energy source); 1.0g, in 1000ml of distilled water) pH 3.0%
Mte. T B OpH A IXIN-H,S0, % AV io. & ORAERH10 ml L L 2R FE 7K %1 ml
Mz, 0CDA Y Fa_X—Z2—(FF(7my 821 AL-250, (= 7 A)TEHEL. 7
~10H%, REORDLNIcE DD\ T FRROFREEH A (F D BfREHEE, SBHOwE s
CTeDEH B (BHEOBRD0X X RIRT A LT B)CANIOCDS V% 2 <X — % —(KF-60D,
KAYAGAKD I T 1 MR~ 3BMEE L. Hkicarn=—2RERHWER L N1 Ty 0
NAT2~ SfUBEBESERTH L. 7ol B\ T Y. 2 fE R RE D IR (BY -medium
Dyeast extract 7o D) ZER LpH2.6& L, Fh & 123120.6% gelrite(Difco),
0.06% CaCOs2H O B HER LAl 2 icA— b 7 L4 7 THRE (121°C, 15min) &, Zhb 2%
BFeEEREAL, LI, 10%yeast extract (REF) 2 RABEO0. 1% /D L HMEL Y + —
VT LA A TYERL LT,

F iz, DBEOEBRIIIHNR &L LTSul folobus acidocaldarius ATC33909% EE#E#E & L CH >,
o B & T L.
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2.3 Tre

ar=—RELTE K&E, BEOWTHETS. HEEAECELTIE, 77238570k
BAMBIC TEMEDO K E X, 2, FROFE, FROTGOMBELXBE T H. F cNegative i %
T\, FHBRIET M (JEOL, 100BH#) W CRE, T, MEhErBE L.

2.4 MEEOBETESR M

BY-medium % A\ LA T DR 1T - /. $FERAEpH I L C, pH1.0-pH7.0% T, 0.5/
fRCRMEED, ThEZNIC DWW THEHOBEEOFEY LEFT (ANA-TA, HELE) K TEE D
WG20nm) I X DHE Lic. 7ok, BEBIITOC T - . MWIEAREREEICE L Tik25C-80TC
T, SCHIRTRERZREL, &4 2L THOHEBEDHR &Y HETIC TE & RFRITHE L.
ok, BEIIPH3.0TIT - 1o BSMEH TR A8 O i >\ Tikgas pack system %
Ao TTofe. WIRbEEBBET BB HE L.

2.5 HEOIFRILF—RHIESIUHMEADE R

BY -medium OEFEIEERI A 10 m] §7ORBRE T 5 LIEE Lo, SRBEN0.5%1Ci 5
IOz x A F—FEMz bR RBAEE 5. BERFERIL 3 AHREE L CEKEY 3 [
FOME L, EREFERNTRANCLEDRED 2B D LOCHET L. chiillHs
W0.1ml 9 oM L, HWEOFEY EEN LI L ARICHNT. k& iIpH3.0, 70T
Tfrotfe. 9, ATz X AVF—RDOS L, HE LTI, HEEEDglucose, fructose, galactose,
mannose, mannitol, sorbitol, inositol, arabinose, xyrose, rhamnose, 2 ¥E#fEDsaccharose, lactose,
maltose, 3 ¥EfHDraffinose DL E14fEE% A\ 7o, D&, sulfur & L Tldelemental sulfur
1fEEL H .

2.6 fHEDODNADGCE=

REFHIT SRR 3 Mk S FEHERK 1 FRIC DT, BIRA 3 Y o ML ORI TSR L, mOEE#E, Marmur
E® 2 HWDNA #FE L. KEKODNA ODGC &1L, CsClic X 5 Ffy & E A il Ok I
Lokt Tiebb, 1 mg/mlEEICHHE LI-DNABERKDO0.1ml %#0.01M Tris-HCl £ TpH
74 L1:CsCl R (0=1.7000) 5 ml {Z{EF1 L, 35,000 rpm X 60 hrs. &=.0»(HITACHI: 70P-72,
o — & —:RPS65-T) L7-. & n#%fraction collector (ISCO, 640%) % H\~, % $%245 nm THIEE
PRELAESH0.4mlFOFE L, E5EXESCER (T £ T7 v NEHFET 1) THITXR
BRIE Ll WHED & — 7 (AL 5 Ei5 OJEHTR A B (oCsCOIMEHE L, GC(mol%)=1020.6(oCs
Cl—1.6606) DX 19 X H, DNADGCEEZRDI-. 7k, ®WRE LT, Escherichiacoli K-12
#(GC & & 50-51mol%) DDNA % [FRFIC KRRt L.

3.1 ERHRERH R
BrgExi g & LlclE bR, &/ BiRE, RAEBRER GREMED, F)INER CGRFRMX 2 i1 5) O
RIEE L OpH ik Table LR Lic. X THIRMIER TS - 1o,

3.2 MEOSEE
ot s b Uiz 4 » A 5 WS DR E KD HBY -medium (pH 3.0) % i\ THEHK DR % il A e
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LA, TRTORRICITFREFBEMEIEL L TLAONHRSh, SHCHH - MHEELHR
Zb k2, ELESMD 3 (To-2, To-3, To-4), &/ BEEHMS 1k (Fu), HELRRH

5 2 # (Ko-1, Ko-2), FEJBHEMS 34 (Ta, TaC-1, TaC-2) Dt 9 #kH 5 #E S i

3.3 DEEEOEMSRYHEIR (Table 2, Photo 2 and 3)

SEEIhi- OO In s — AR CTREAYEL, AXIFEEMN.Smm TH 1. EHIE,
THDIKIL S T A RERNREDSERY R TATREHROET, ¥, BE BEIBEIH
e st

MOk = X (ER)IXRC L DR D, BEEH0.8 pm /N v — T g S % 3 #k(To-4, Ko-1,
Ta), 1.04m §i4% (§90.9-1.1 ym) DFHE 7 v — T & % 5 #k (To-2, To-3, Ko-2, TaC-1, TaC-2),
1.5 ym OKH 7L — TICBT D 1 (Fu) D 3 2T RFIE hie. '

Table 1 Temperature and pH of hot spring waters in Hachimantai

Area
Hot springs Temperature(C) pH
Toshichi 91.6 3.35
Fukenoyu 91.5 2.65
Goshogake(Konya-jigoku) 80.1 2.10
Tamagawa (Higashimori) 71.4 255
” point C 92.5 2.05

Table 2 Characteristics of isolated bacteria from hot spring in Hachimantai Area and Sulfolobus
acidocaldarius ATCC 33909

Characteristics To-2 To-3 Tod Fu Ko-l Ko-2 Ta TaC-1TaC-z S fcdocaidarius
Colony ;

Color DY DY DY DY DY DY DY DY DY DY
Shape C C C C C C C C C C
Size(mm) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5-1.0
Cell ;

Gram stain — — = = . — — — — —
Shape L L L L L L L L L L
Diameter ( zm) 15 AL S0 =088 2 T 521058 N 10 0E8H 180 21T 151
Flagella — ~ o = — - . = —

Pili o — — — — — - — — —
Motility — — — - — - — — - —
Spore — = = = = — = — —
Cell wall + + + + 4+ o+ + o+ 4+ +
Temp. for growth(*C) | 55-80 55-80 55-85 55-80 55-90 60-85 60-80 55-85 55-90 55-90
Optimum temp. (C) 75 75 75 70 70 65 70 75 70 70
pH for growth 1.0-4.0 1.0-6.5 1.0-6.5 0.8-4.0 1.0-6.0 1.0-6.0 1.0-4.0 1.0-5.0 1.0-5.0 1.0-6.5
Optimum pH 3.0 3.0 3.0 30 2.5 3.0 3.0 3.0 3.0 AR

DY; Dark Yellow,

C; Circular,

L; Lobe
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HIEICE Uik, 4 BERR O BE7E AT BEIR S 18 D TR A355°C ¥ 121360C T, FRI380C, 85°C % 7=
FOCTTH -7, EFEREIT65C-T5COFPFAK D - 7o, HEFATAEPH o FIRIEpH 1.0(Fu#k 0 ZpH
0.8)C, EFRIZpH4.0-pH6.50FFHICH - 7-. Z=@pHIZpH 2.55 5\ iZpH3.0TH - 1=

HIHIGHET COMBRREDONT, TNTHFIHEETH - 1.

BR¥ERK (S . acidocaldarius ATCC33909) Dffifa Dk & X2f1.1 pm T, 7L — S 45E
N, hoRE>WTIZIBITEETH - .

3.4 ¥EDOE{LEE(Table 3)
SHERED 5 B To-2kk, TatkiZ >\ T ERICH A L 4BEOES & T TELT 5 = &

Photo2 Gram stained cells of isolated bacteria living in low pH and high
temperature environment with a light microscope
a ) Strain Fu(large size groupe) b ) Strain To-3(middle size
groupe) ¢ ) Strain To-4(small size groupe)

Photo3 An electronmicrograph of isolated bacteria living in low pH and high
temperature environment with ultrathin section method
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MTxfehote. UL L, Fulkitxylose, rhamnose, raffinose ® 3 fi%, TaC-1#kitgalactose
1 %%, TaC-2#kitglucose, xylose, rhamnose, saccharose, maltose, raffinose ¢ 6 fii % B i
TELT D T LR oo, To-3%k, To-4#k, Ko-1#k, Ko-2FKiC B\ Tidglucose, fructose,
galactose, mannose, xylose, arabinose(To-4#k% 4:< ), rhamnose, saccharose, lactose, maltose,
raffinose % B CELT 5 T & Db b o 1o, BEEKRTDH % Sulfolobus acidocaldarius i3.fructose
DWW TOELERILERD bhigh - fohs, To-3#k, To-4#k, Ko-1#k, Ko-2tk & i2iFRERDORER
VC(% o] fo

3.5 WEDE{tEE(Table 3)
sy uEkk 9 Bk & 4 ielemental sulfur #1952 &b o o, EEKRCE LTS RELORMR
B,

3.6 HEDGCE=(Table4)

SHERE X 0 REM T 3 HEEEY, DNADGCEEABELILEL T H, To-4#ki139.8%, Fukk
1334.9% , TaC-1#1239.3% THh - 1. EHEFLS . acidocaldarius DGC & &1339.8% TH - fz.
2% b, To-dkk (NI 7N —7) L TaC-1¥k (FEI 7 v — T ) DGC EBIT DWW TIHEEKRDO Th &
FEEDEH R Lichl, Fubk(KB 71— 7)DGCEEI334.9% T, MO5HbkE: L OEEKE
B L THI5 % bIEWER 7R L.

4., FLOBIUVEE

RRCERTEHMECET 2 —EOWED—>&L LT, 4E, FKERNEFELOGIRE
PESR 4 (87T 5 S R BTE & & LIFMEF BWEME 2 B3 2 B TR 21T > e & 25 9RO

Table 3 Energy sources(sugar or sulfur) for growth

S. acidocaldarius
Sugar or sulfur To-2 To-3 To-4 Fu Ko-1 Ko-2 Ta TaC-1TaC-2 ATCC 33909
Glucose = + + = + + = - i ¥
Fructose — + + = + + = _ _ _
Galactose - + i £ by I _ W+ - i
Mannose e + Sl = <l + - - 2 4
Mannitol — - — = = 2 s — = _
Sorbitol — — — = =S L 5 — - _
Inositol = — - — £ = >4 e — _
Xylose = = < I e o — — W+ £
Arabinose - + — — + Il a8 8 . o
Rhamnose e g A ar a5 oF — — + +
Saccharose = ol oI = & I = = + +
Lactose = o o1 =5 T 2l = - — +
Maltose o~ + + = + + = — En +
Raffinose - + + + + + — - Wt +
Elemental sulfur + + + + + + + + + +

W+ ; weak +
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Table 4 GC content of DNA

Strains GC content of DNA (%)
isolated strains
To-4 39.8
Fu 34.9
TaC-1 39.3
type strain
Sul folobus acidocaldarius 39.8

EHABRLhc. TROLOMELIbRE S 7T 2GRN T, MO« kA LS ERY
ETHLRAEROME CHFRETHET, FBBEHLLEH65-70C, pH2.5-3.5THH, F5
BETHS. 2L, RESC—HBOEERYEFIE L CHIET S Lhb, ItkE & IFEETE WM
ESulfolobus BB TAMETHHZ Ebh ot LT AT, I DIFMEIFEMESul folobus
BAHETAME L LT, BWES. acidocaldarius ¥ LS . solfataricus =L LTS AT
W5, ZnbLIEAOTGCEENR20X RIS EINTW®R, BAETIGCEELY S K
ARMERITELL L T 20T, SEIOKBR CIIMIRE LTS, acidocaldarius DE#ERE (ATCC 33909)
TR, TOWREDWTHEIE SR ULETHRN . TOBELSEEDF R & ks Ui
ETAH, TRIBTHEINT-IRE TR UHERTH e, L L, MlaokEE, EOE(LEE GC
BRICOVWTHRL L, FBEKREGEKEDOM T DhOESLD s ez EMloAX
S(ER)OWTHED L, EEKOKE XFFubkDi2/3T, FulkmIERic kM oimiamies
EoThWBDRbhote. ¥, BOBLEILOWTY, EEERLIZITEED 2 -V E2TFELE
DB, THERIBKRFAKT, MOSHKIELE ELDILDTH . GCERBLOLTIFFulks
il R DEWERR L. ThbDZ bbb, SEFkOERMMERILS . acidocaldarius I8
TLTWBH, MO REOWTRRLSEANE L, BCFutkOERIZMOM EEKEY S T)
EELL BIc5TRED, 4E5HE LicSulfolobus 9 ¥k Sulfolobus sp. & L THEHT 5.
BEE T, bETHE XN I-Sulfolobusid, KB MERED H5HE L fcstrain 72D, Yeats, S.
BHBIRF O R D & 5B U festrain B-1222), Furuya, T. (1977) HAVERKHS 7 H 58 L1 TA-1
BR10%, S, acidocaldarius L X Z N EHERDBBLU LTV ETH B E N TWBH, —7F,
i (1987) B HFEIR KRBT BB LIctkIGC & BOBRIEE LD L5 S | acidocaldarius
ERI STeHREBFE S Ik EME I N TV B2, F i, AT Sulfolobus VIER L= T
Acidianus infernus®, A . brierleyi®'®), Desulforolobus ambivalens™ & D FHE D 45 B [F 2 1T
M3 s8mEhnsn, SEMERECE, FLERAIRTORVWHFLVELER LT3 HEEY
HLTWbEELZLNRA. 2B, ZDSulfolobus i} B (archaebacteria) & /(¥ h 5 —FEED
YT L, Bukaryote & Eubacteria DWi#FDHERF>OZ L TMLR TV AY. D &h
LAEYFE EEFCEERMETLD, TOBOREES, BEELRETHLLELXLONRS. YLD
&L, REMNIOCTHET, poMBECEBECAMNER LT3 Z LITEWFNE XU
LRI AT HIEFICHERE N Z ETH D, EBESulfolobus sp. HYNENE L O SR mEEYE DR
RECIESKAERLTWA L ERSEIOWMETHER IR LIIAEDEREYME L TEERT — X
ElsbEFEZDNRS. FlMENCEZ 5 &, FHFL Q8D T NEEEL % & GHARADIRR
AR AFEMEE (FHEMAICE#EPH 2 F2) K DWW CRB LTV 520, Z0oF T, &R
CAERT A IFEAMECIREOHE L DNIEFEOFEME L H OHOERERE LT 5. L0k
B2 D TNIBEFRLOTFBEMEEDOERICOWTEL L L, REDEE, pH, REZDH A
LD, ZCRARTAHMAEYMELR 2 B -TRD, BESGCHEITG LicEY DL B TR X
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RTWARlE LT, EHCHEESDERLR LTS, Tl Dl &34 nLIETAE LHA
BRBCAER LTV AMAENCOVT, &iRAMRICZacidophilic Bacillus sp-, Sul folobus 1%,
= ik 51T 1 B . stearothermophilus, Thermus thermophilus BMER L, BRIEWCHEIG LIcEY
DEBDRERI NGRS —F LT 52520, X545 HITMO MBI B 5 Sulfolobus = E
L LB E O R A S SWTHAET S L LB, SEDT — 2B E 2 TS bk
T5.

5. #t &

AL ERT 2 HT DRRKORBIC SHI TS0 E LEFRE T4 FBUZEHE
REACEH L LET. $h, CHEIHERVLKEE E LRI AFEEHCEFEER
FIZEIESE, TRILAY =85 MBI ECRE# e L ET.
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