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Enrichment Culture of Microorganisms and Isolation
of Novel Acidophilic Bacterium from
Yubatake, Kusatsu Hot Springs

Suzuka Kajiwara? and Norio Kurosawa?*

Abstract

In order to reveal the biodiversity of acidic and thermophilic microorganisms habiting
in Yubatake, Kusatsu Hot Springs, where the water temperature is 50-55C and pH is
around 2.0, the spring water was applied to enrichment cultivation and identification of
microorganisms. In the series of enrichment cultures, total five species belonging to the
class alpha-Proteobacteria, Actinobacteria and Bacilli were detected. Based on the 16S rRNA
gene sequence similarities, three species of them were assumed to be novel bacteria. One of
three novel bacteria, which showed highest novelty, was successfully isolated by single
colony isolation method and was named strain KY-1. Morphological properties and molecular
phylogenetic analysis of strain KY-1 indicated that this strain belongs to a novel genus of
the family Alicyclobacillaceae. These results suggested that the spring water and sediments
of Kusatsu Hot Springs are valuable resources of novel microorganisms.

Key words : Kusatsu Hot Springs, Yubatake, Enrichment Culture, Acidophilic Bacterium,
Alicyclobacillaceae
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EWME—T VI = A—mEElE - HALWIRRTH S, TD XD HIEICIE, — BRIk h
SEREIFHGIRAVER L T A, ARIFZE T, SRR S A 59 2 I B B e I 2 12 B 5
HELWHIRZELZEEHME LT, ENFEHBIC X B2MEYOHEMEEE LT L XV TOH
E R S ICHHEME O 5 BEE 4T - 7. B EGM ER O 2 AP SRR 2 FRELL,
(50C, 65C, 80TC), pH (15, 20, 30), KAESM ML, TEEKAE) ZMALDEZE 36 5
PCHRRERE T 72, BEYORGA D 57z 3 L0 EREFERICOWT, 16S rRNA
HRT-7 0 — VRN X0 A AR S 2 SRR, AR S MEOMBE SR S iz, 2
NomHH 2 FIFEEAME FE SN7/228, 3FIEEIAE 0 16S rRNA #5705 H LB 5]
DOMFEEITNT NG 986% LT THo7-Z L OHMMETH S g I N, 2o 3o
TROIEESE - 7-%, Yo/ hauo—7TA4 VL —2 g Yk ) HEEL KY-14E
b1 720 16S rRNA B 5T O IF TR O ILRH 2 v 72 LRI O & H, KY-1 #Ri
Alicyclobacillaceae Ft OFIBHHTH 5 Z LAVRIB I N7z, WOMEZ &0, HERRICITE
724 OFMBIFBIER AR L Tn D L ST, E1 5 IRRMAEY OGN IIGEIC S
FAEELRY YV —ATHLEELZ LN,

F—7— FEERE, W, SREREE, EEMENIR, Alicyclobacillaceae Bt

1. F

e BRI IZRAAREI O LR 22 ) &, by T 7R EORBENSATHZ EMSNT
WAA, ZNHFHERIMRGEEORBICHO N, EROEM TIRIZEAEHEY LI ERTE %
WO(EE, 2005). Mz T, BELRIERAUGSEDANC S e, i, FoESEERLKES
EDOH AW % L le EMBD LT, oM, A, HEE, L CoBE”EY, 7 /N
2577, ALFEEHIE, RSP T —F TR EOMA AN ERLTWS GEES, 2009
A%, 2010). D720, THFE THA RIEE D> O FAEOBAEW D EE - kS hTws, FER
OFEFRBIIHAZRET HBEEROO L DT, HEREOFERAFINEOMER 1,200 m IIf7E S
% (GRS, 2009). FEEIRE O IIEREOH I ET2EHME Lo, FEOME, T,
2, B, HEKZEDH D, IR ENREDE C, BT, - TV I =Y A - Bk
HAt &R Th s (EE, 2008). —K&IZZ D X 9 ZEiir om0 s, FEEY» o
BEOBAEMDAEE LT 5B, EBIZHOMIED S, HEMEMTE O Thiobacillus intermedius
(27 5, 1984) DL, Bacillus J& OUFERVEMA (Rl 5, 1986) O3 BERE 2SS 5. % B, Thiobacillus
intermedius ¥, FHFEIC X O BFEE Thiomonas intermedia & 8% ST % (Moreira and Amils,
1997). 72, BEHER X ) EEICET 5 AL B EEEIIE, Acidithiobacillus ferooxidans
(Takano et al, 1997) #%, W&I21E Acidithiobacillus thiooxidans (#7%, 2010) 2SAEHFLTW5 &
W REDH L. BRI LI, BENER OHLERICALE T A5 M0 DI, IF R R
WHAGHEENT L W) WSS, Wl ED XD ZHMIHAATE L T2 DhBIRHzh 7.
AW TIE, FERR OB SN L 7B 2 W T, S F 3 F 250 T o LR 21T
vy, ENFE # (Sakai and Kurosawa, 2016) 12 & 2 i BUFERYERN O & o5 % a7z,

.

2. MHPETE

2.1 =H#

2016 4E 4 A 15 HIZ, BEBEEFEREEN OLMARE M OB KL O 2 200 (RE A, B) 205,
RO T 72302 S0EAKZFRR L2 (Fig. 2). RERBITHIEL, pHIZ=ER 25T
T pH & MP225pH Meter, METTLER TOLEDO # H Wil L7-. R A ®RiIE51C, pH
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1319 T, R B ORIEIE 54T, pHIZ 18 Th oz ikt A 2 HSHRILL 7250RHE, RIULT D%
DOIERRDLBWIC X ) HEEICHE L TB Y, MILKERYH o7 ikt B2 5L Z2508HE
MAFEPT, LKRERIZEZEALEDP 7. IO ORBHIRE L EOWE T » Puo— LI
FEBRITEBR D, DBROFEBIIH .

2.2 E£TRIESE

PEIRRFERE 24 & LT 01% Yeast Extract &, MR #4AF& LT025% NaHCO; & €
NNz 7z MBS 5itth (Kurosawa et al., 1998) #/EH L7, wWdhoidb, 50% i< pH 1.5,
20, 30 WAL 0 ME L GHeME). A5 10mL 12, E A L B SHREL
72#FH 01 mL AR L, 50C, 65C, 80CF, WRIMEMHCrEEMEERLIT- 72 G 36 251).
WEY OB SRR S M7z B2 0.1 mL &3 L W R HLICHH 2 kW72, o R/ R %Y, RO
#% 1fCHE LTH5MH T TR 28 #1572, ENFE i (Exploring Novel microorganisms
in Frozen Enrichment cultures strategy) (&, WO R S5 & TOEMEREE —H
BAEPAE L, 16S rRNA #5127 0 — Ve v CHERE R OMAEMTEME 2 H S 202
L 7ctk, BrBlBUZED AL & N7 R RS B S O A HER B 2 KA LR RN FETH S
(Sakai and Kurosawa, 2016). ENFE {EIZ w5720, SEREERRIE 2 D250 T = 5Bl
T, BTG % BUE R R SR & L7e, 0RERE I, AR 08 mL % 1.5 mL &k 2
&, 50% 7Y tu— 02mL Mz —80C THRAT L7z, MUEMRE R AT FICIL, HERETE
W 10mL % 15mL EiLiFic e b, w008k (21880g 25C, 54) L7z, EEAEZBRVE
Wik% —25C CTHRAF L 7-.

2.3 EREBHRPOMEDBHERERERIT (16S rRNA EGZF Y O— A

W FEERGE AT & L O L8 W A% TE 2Ny 7 7 — (10mM Tris-HCL 1mM EDTA,
pH 80) 100 uL ICF&&E L, Wik DNA i+ v &+ (Extrap Soil DNA Kit Plus ver. 2, H#kf¥
SEBMRAAHE) 2T DNA ZHiE L7z, 2O DNA 881 LT, PCRIEICX Y N7 T
V7 BLOT7—F7D16S rRNA BETDIFIFTEEZBIELZ. PCR 754 ~—L LT, NrF
1) 7 @ 16S rRNA it fz T O ¥ iE 12 1E B27F (5-AGAGTTTGATCCTGGCTCAG) & Ul492R (5-
GGYTACCTTGTTACGACTT) %, 7—F7® 16S rRNA M=z T OHEIZI1X A21F (5-TTCCGG
TTGATCCYGCCGGA) & U1492R (5-GGYTACCTTGTTACGACTT) #M\w/z. PCR¥ A 7V
Y%, T—FT7 ® 16S rRNA EIZT- O 94T 308, 55C 5 308, 72C : 1440 B % 30 4
A7V, NZFUTOREAMUT 308, 60T 308, 72C:15408%30% (427 VELk w
TNOLED, BCHIENE (94T, 34) %, &BICEEBE (72C, 54) 2 L7z 55
N7z PCR EW %, Hilio DNA F#+* ~ + (NucleoSpin Gel and PCR Clean-up Kit, # # /54 %
St Z2HWTHEL, 16SRNABEFZ7e—rI4 77—tz ThEzHwT,
Sakai and Kurosawa (2016) 129\ SRR T2 OMAE D BEERE S AT 2 17 - 72

2.4 FEMHBEOMZIEE

PR AR SN EERER E F UK 5B L O pH OFER# (FL—b) Z{ERL/.
fLHIE LTH I v A (066%) ZHV. ZO7L— MI, SERBEEEO 10 BERR51EE 0.1
mL Z®IKL, EREEFLFECRECEELL. V-t LAY Yy van=—%, #
LWL — MIFEBERECIOVME L, (Y rvau=—74vL—vavik)., Y vrna
U=—7A4AVVLb—a it 30D RET I &I X0 MKk e 472,
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2.5 E{LREGHEN

HUBRR 28I 100 uL % 55000 Bk (21,880, 25C, 54) L, kB L72iRE &% TE 100 uL |2 T
L7z, COMEBIE 1ul 288 L LT, Ao PCR §::% T 16S rRNA #zT-2¥IEL 72, &
D PCREWEHME LT, Y—2 TV A7 54 <—B27F (5-AGAGTTTGATCCTGGCTCAG),
B515R (5-TTACCGCGGCTGCTGGCAC), U907F (5-AAACTCAAAKGAATTGACGG),
U1492R (5-GGYTACCTTGTTACGACTT) ZMHWTH v #—FEIc X W HERF ZHEL, 55
N2BLH 7 — % 238535 2 212X D 16S rRNA Bz T ITEROMERNEZH S 2L 2
DIFIBLT] & Alicyclobacillaceae Bt 4 J& DAFERED 16S rRNA BEI& T OIEIEEH 7 — ¥ # H T
MEGA7 ¥ 7 b w27 (Tamura et al, 2011) FCTHEBEEET: (Saitou and Nei, 1987) 12X b #E1k
SaAh &2 ERE L7z

3.1 £MEIEE

BRI O 2 AT (A, B) O E VT, BiHisr 2 B8, pH & 3 04, HEaEEE 3
PG 36 RV THMAEM O ERRE#EE1T -7 (Fig. 1, Fig. 2). ZO#E%E, MR A HEOFEE T,
B8R E 50°C, pH 2.0 OB 534t (A50-2-A) & pH 3.0 OHEIE SRS (A50-3-H) @ 2 3R751
THAEY OBIEAFED L7z, R B HKR OB TIE, B2 50C, pH 2.0 DM 4= 51
(B50-2-A) DA THUIEY OWIEDHER S N7z, FERIEAT 65T & 80T DB AL, wIhofkMhic
BOTHMAEWORIEIME I N o7z, TNOOFENIS, FEFEERGMIIB VT, R
MY L MO REMEM O VTN EFT L TWDEY, ZN504EHE ERIEEIX 65CRIMTH D,
ABFTFERPpHIZ15 LY b REVZ LR SN,

3.2 ERIEERPOMEMIEHER

TEY) OB ATHERR S L7z 3 D DHERERTEERY] A50-2-A, A50-3-H, B50-2-A (22T, 16S rRNA
BIAT 70— VNHEIC L B RGN 21T - 7245 R % Table 1 1IR$. b3 7-mAeEwide
TNAZTITTHY, 7—FT7EMM S Nehorz, HREERE] AS0-2-A HIkD 27 7 v — 1k
SFRICAMEEIN. T bikbEHE TR SN 70— 1D &, GFEE b &5 R 2R R o
a-Proteobacteria Wi\Z)& 3 5 Acidicaldus organivorans ® 16S rRNA BIx - OILEY] & &k D EHW
MEEZ IR L7278, ZOfEiE 97.8% T, BIEORMME b 986% (Kim et al, 2014) % Flal- 72
Z &5 Acidicaldus JE OB ICH AT 5 xSz KICEEETHRE SN 70—
1B &, Actinobacteria ¥\2J83 % Acidimicrobium ferrooxidans ® 16S rRNA #E{xT-TH 5 L HEE
ENT7z. Acidimicrobium ferrooxidans (X, 74 AT ¥ FOERMEE 2 5 N2 5B S 7 of ik
MW Thb, 77— 1C1E, Acidithiobacillia W\Z)& 3 % Acidithiobacillus caldus @ 16S rRNA
BIATTh B EHE SNz Acidithiobacillus caldus (X, £ ) A DREED O e AN 7B S 720
MMMETH Y, Kelly and Wood (2000) 12 & ) 8 E N5 F T, Thiobacillus caldus & WL
hTwiz, Thooru—r IBBIUIC IR, iR B OEMEE#ERY] B50-2-A 205 bl Sz,
su—r2D, 7u—>r1C LR UL Acidithiobacillus caldus @ 16S rRNA #{nT & i b &V AH
2R L72AS, ZFOfEIE 96.6% TH o722 &0 5, Acidithiobacillus & DFFEME ICHET 5 &
e s sz, —7, AREEERITICB W TRODIFETREMARIE, R AR 7 T—V 1A
BIUSADRETHS. W7 a—rOHEHERINIE 100% —FH L TBY F—OMMIZHRKRT 5 EE 2
SN72H, K TH Alicyclobacillaceae FF DL 90% BIEDOMFMEZ RTICE EE o722 805,
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Fig. 1 Sampling points in Yubatake, Kusatsu Hot Springs. a) Hot spring A,
b) Hot spring B.

Fig. 2 Sampling points in Yubatake, Kusatsu Hot Springs. a) Hot spring A, b) Hot spring B.

Bacilli § Bacillales H Alicyclobacillaceae B OFIEME S HE T 2 L HEE S 7.

—J7, FATHZEC B W THOMETI R S N7z Thiobacillus intermedia (K75, 1984) 1ZIHAE
Thiomonas BI\CHAFA SN TS (Moreira and Amils, 1997), S RIOIFZE CTIIMB SNz
72, MUK VEOMIE D S &M S (1986) 2350 8E L 72 Bacillus J& 1%, 77BERR 15 8D 5 12 B2
LAV T E SN TWi\ Bacillus sp. TH Y, ¥ 0 38R Bacillus sphericus, Bacillus circulans,
Bacillus ceveus TH 5 L RESINTAS. 7B Bacillus sphericus \ZAE Lysinibacillus sphaericus \Z
HoEERTWw5D (Ahmed et al, 2007). TS50 3FIEWTRD B2 S 3B e, 4F pH
PHETHD L VI MTOERIZE TN S N5 ML 3R> Twz, L Ladrs, LN E
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Table 1 |dentified bacterial species in the enrichment cultures

Enrichment culture ii)rrrztes;fta tive clone Closest species ;i?:if;yyA(%ne Ic\{:)lrr;l;er of
A50-2-A 1D Acidicaldus organivorans 97.8 12

1B (=3C) Acidimicrobium ferrooxidans 99.9 8

1C (=3A) Acidithiobacillus caldus 98.7 4

1A (=5A) Alicyclobacillus pomorum 90.1 2

2D Acidithiobacillus caldus 96.6 1
A50-3-H SA (=1A) Alicyclobacillus pomorum 90.1 15
B50-2-A 3A (=1C) Acidithiobacillus caldus 98.7 8

3C (=1B) Acidimicrobium ferrooxidans 99.6 6

A50-2-A : Hot spring A, 50C, pH 2.0, autotrophic ; A50-3-H : Hot spring A, 50C, pH 3.0, heterotrophic ; B50-
2-A : Hot spring B, 50C, pH 2.0, autotrophic.

TIEFEE E N T2\ Bacillus sp. 12 #RIZ
DWW, S & W7z Acidithiobacillus
caldus &, MO KE SRR, WML
B0 7 sl chbr e, NWERT
T AL, EFHEEBLIOWEL AT
2L, REFEKETHLIERELLD
BRI —FLTwi LR TEls
(1986) A7 D) JE 2> & 45 L 72 Bacillus
sp. (X A. caldus TH AWML H 5.

D EO#RENS, FHEER GO R %
w7 FERE R LR L 5o
ML, €09 b3MMiEEzhZh
Acidicaldus J&OFHE, Acidithiobacillus & Fig. 3 Colonies of strain KY-1. Bar:5mm
DO, Z LT Alicyclobacillaceae Ft D ¥
BAHEOMETH 5 &Hiw S hiz. FLBREN &I, ShE S5 HoMED S 5, Rk
B OERMBE WP W2 SN MR I 2 i & Dl A OB RBPICOFELD, E0
fio> 3FILIRIR A OBEMIGEROAD» SHE SNz 2 O0RREORER pH IXIZIZFA L THLH
o, HEEMOREL X UOMILKEREOWT N F/23W G55, £ 2ICAEET HME 0% RIS
WERHEZTWLEEZ LN

3.3 FIRMEE S KOS EROE( L RETEREEN

vorvan=——74 v Lb—a YEIZED, Alicyclobacillaceae Bt D IEHFETH % L HEE X
NHNE O 5% AR, 70— 1A BXUBA & 100% —3 5 5 HIEFY]) % R0k 45 B
WL, KY-1 8k E &7, KY-1oau o —dHGTHRIEYED 0, LIRFES CHEEIZH
3mm TdH - 72. Alicyclobacillaceae B2 \EBAE 4 D DIg, Alicyclobacillus )&, Tumebacillus Jg,
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Effusibacillus J&, Kyrpidia BH3FAEL, TR O T THEB T IRE 72 (300 Bk v &5 BT 2,
WTHh5A. MIITHEIRT, KICHERTFEZEET 5. 1Z& A PR MEONEE KEME T
&5 (Costa and Rainey, 2010 ; Klenk ef al, 2011). Figure 4 & KY-1 ¥k AHZEBEMSEIEE TH
B, EE02um, EES~Sum OBWE T, KMICHAERTZHoMBLBIRsShZ Zhbid
Alicyclobacillaceae Ft D — LR Fi# L L —3 T 5. HELRMFEWME DT 2 WMEICT 572012,
KY-1 #£® 16S rRNA # 1= T D2 SR O IR S % ge L il Bl o3 IERLS] & g U 725528,
Alicyclobacillaceae BB 5 IFERTEM B @ 16S rRNA &5 T & 86.6~90.1% DA EME% 7R L 7-.
IO DOBIETREHRICHED W TIER L 7L R 1T KY-1 #ki% Alicyclobacillaceae FHPIAL
B SN/ (Fig 5). Z ORGH 1T,
KY-1 ¥k & Allicyclobacillus J& W B & i #)
27 7250 735705 #EACHEEDSE
U —D AR T, B LV T
L7-Rfanm L7z, DLEoOBEEN RS
W AEAL AR A AT RS R 5, KY-1 MR
Alicyclobacillaceae Ft @ i g FrAl o 1 &
TLODVRNKTH S LK.

4. ¥ & &

EHSR G D 2 71 T S PRI L 7238
T, BEOKMGTEMNEEEZT -/
fide, G5 MOMIE O AF AR S e,

Fig. 4 Phase-contrast micrograph of vegetative

IS 5L, 16S rRNA #fn T2 HO X, cells and spores of strain KY-1. Bar: 10 um.
—— Tumebacillus algifaecis _'
Tumaebacillus lipofyticus (genera)
Tumebacillus luteolus
Tumebacillus soli Tumebacillus
Tumebacillus ginsengisoli
Tumebacillus permanentifrigoris
Tumebacillus Ragellatus _|
Effusibacillus consociatus ]
l_I__|:En‘i"(.rs.r'bacil!us lacus Effusibacillus
Effusibacillus pohliae _
KY-1 :l novel genus
Alicyclobacillus tengchongensis |
Alicyclobacillus pomorum
Alicyclobacillus macrosporangiidus
Alicyclobacillus vulcanalis Alicyclobacillus
Alicyclobacillus acidoterrestris
Alicyclobacillus fodiniaquatilis —
Kyrpidia tusciae ] Kyrpidia
———— Sulfobacillus acidophilus

b———————— Sulfobacillus thermosulfidooxidans
Ferrimicrobium acidiphifum

—
0.02

Fig. 5 Phylogenetic tree of strain KY-1 representative species of family Alicyclobacillaceae
based on the 16S rRNA gene seqguences.
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Proteobacteria ], Actinobacteria ™, Firmicutes P10 3 18 X U, a-Proteobacteria #, Acidithiobacillia
W, Acidimicrobiia W, Bacilli f® 4 A SN/ L s, BRGNS IE 0B E NI S B
ZRIRAAER L TR EIMER SN, TN o 5o b 3MIIHETHY, F0H b 1
Alicyclobacillaceae Bt OB PFETH % L HEE Sz, ZOMBICOWTIE, HREREEH) S O Hpk
DKL KY-1 BRE SfF T 72, Bl 2 AL R IRAT DGR &, KY-1 ¥kA% Alicyclobacillaceae
HOMEBHHETH LI LE2IR LI 0D, SRIIARROERS, A b5, (LN %
TV, TRHORRICES Y 2 HE 52, ERUIFEERL 72V,

FURHRIZ TR < BRRD W72 720 7 G LB ZERR I R AR O P I — R, 2o TNIZbh
BN OREERPEZE LRI WA R — b LTL S o Z2FFRO/NFRHLRIZER S EH W72 L E
£

5| F3CHk
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