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=9 A&7t FR3H dehde. dF9] 4 A =9 API 50 CHB kitell 2] &t gt531E o] =& vietoe=
FF2) A 7% Qo A3} G stearothermophilus #5537 G kaustophilus #F-52] AL 2 £
FFEH B3] FEE NS, A FFEL A AR o) e A 4 o] GFsiA e}, FE 7
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T olg Uz o2 A B3 f F79 o &-=71 A velge wletA, £ G FH A ZelE 294 WA
Z A} 34 A Geobacillus & FF-Eo chekat D)5 A A& 7HA A vl 39} fALgE HelAA & AXd
A HAHEAS et Jdse AR Hexig.
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3k19] ahtell 2 0® EA|9} Ho] o
A ‘4"\35] AT AEE AHSH 22 Fallsol
3k FF5 A TE 3% 30cm oFlolA AFHT AR 1 gS
carboxymethyl cellulose (CMC, 1%), starch (1%), peptone (1%),
olive ail (19%)& 353k AA wfjA|o) B & 60°CollA 2417t
=3}l (enrichment culture)dtdch. o] A5HS 114 HiX| 2
&7 <5 2 (pure culture) HB-E AZ 3, 2719 =7} A
Z U2 colonysS Al t). Cdlulase, amylase, protesse,
lipaseE EHee T8 Adsr] fAg 22t wiRlel #&
Sk 5 60°ColA 24413 B ST Cellulase &8I (1%
CMC, 1% tryptone, 0.5% yeast extract, 1% NaCl, 1.5% agar),
amylase 7ZH] 2](0.3% beef extract, 2% soluble starch, 0.5%
peptone, 05% NaCl, 15% agar), protease 74ZEHlX](0.5%
pancreatic digest of casein, 0.25% yeast extract, 0.1% glucose,
1% skim milk, 1.5% agar), lipase 7 ZH] 2] (1% Tween 80, 1%
peptone, 0.5% NaCl, 0.01% CaCl,H,O, 15% aga)ol| FJE
colony ZollX EH 3 (clear zone)o] 7 2 10719 #F= Alut
stTh Z2ke] 71 digk == Wi § YEh= colony
F919 %] AV|E FAsAAL, &Y Z7I7F 6mm o] dS
+++, 35mmE ++, 3mm VTS +2 55E Ure] ®U15

o}, Akl J= EdE 20% glycerolodl] sA3ke] -70°Cel] B
33Tt
2| 16SrRNA FEAt H7 MY 2N

*‘?j} F A5 579317] 151 16S IRNA 9714498 #4135}
Gt} Universd primer (27F, 5-AGA GIT TGA TCC TGG
CTC AG-3; 1492R, 5-GGI TAC CTT GIT ACG ACT T-3)&
AMgEte] ZF 9] 16S rRNA -34S PCRE S-Z3l90H,
27F primere} BigDye® Terminator v3.1 Cycle Sequencmg kit
(Applied Biosystems Inc., USA)S- ARESle] G714 ES E4935}
Ak AHH G71HLEL accesson no. FJB23097~FI823106%
GenBankoll SA1EFATE 2t 752 A71XYG-e Classfier (26)9)
RNA Database Project Release 109 (6)¢} whZ3stgow,
Taxonomic Outline for Bacteria and Archaea, Release 7.7 (8)°
we} TS 53R 8l E T2} Taxonomic Outline “¢<]
T ATIAE vetsr] 25k, Classfiet =&3 44
o &dh= FFTTE2 16S IRNA 971X 83 o d52 4
714 ¥4 RNA Datebase Project Relesse 10.99] @71x g A
Fol we} JGsha A4A BAT S0 R gyel Had ¥
=2 BA3 F HasegawaKishino-Yano (HKY) mode =}
maximum likdihood (MLYHS A183le] ASEE AT
ML A=l Yehd 7+ Als#7= 1,00089] bootstrappingS
AABl] AZsIATE ML 3 AlEEA3) bootstrappingS
93le, PhyML version 2.4.4 (95 A&313TH

A Rz Bl 594 AF 3

Fol HEl o Maters 5y
Cae) geiey B4 02 F AT Oy

BX60, Japan)= ©]-&-3te] st Ay - Aty EAL
APl 50 CHB kit (bioMrieux, Marcy I'Etoile, Frances AR&-3}q,
60°ColA] 3, 6, 24417t MshAA] A ZALe] AR A2
=39t

270 MTEE

2} o] HA JZxAE EY) fIske] mge=et 7] pH
2 AR = °ﬂ tﬂﬂ* WA e 75 AFES S35t
ATt B3 F= Nutrient brothol] 242} <=3} 40, 50, 60,

70°Coll A w1 o‘f's}ai H, pHE 4.0, 50, 60, 7.0, 8022 xd3}
a1, GEL 0, 1, 2 3, 4%E 225l &A}o}gar:}, AR} pHoll

£ ARE e 7Y A 84 252 JERT 60°CollA
2417k wlj kel S8k HE T 60°CellA] 24417 |l
A AL 1% (W) BEE FEaHh T3 AL 600 nm
ol <] optica density (ODg,)E AlZrell whel 4319, log
(ODgp8l AlZtel tiet Wsle-S, Aguo] 1718 Aelsle], 41
3 37 EAt AFEEWE S8t

SAHEY
237 EAol= Microsoft Excel 2007 (Microsoft Corp.,
USA)Q LINEST 342 218319t o559 E4 13 &4
olg3le] #FE o] WAES FFEA(duster anaysig)str]
3]-01] cellulase, amylase, protease, lipase 8448 7 EH) =)Aol
Auls 2] 530l wel 0302 EF3kal, APl 50 CHB kit
o] &3t BrslE o8k A 07 12 R/ £ 53
Mol FAE A}83ked, PAUP version 4.10b (23)d] 3=
Wagner model®} maximum parsmony-S #-8-31e] FHEAS
TPt

mlm 051 fo m{

4 ot

TFe SAEME

10709 #FE 283 3, 2 7F9Y cdlulase, amylase,
protease, lipase /435 AR A3} 4l w57t 7 7HA 712 S,
&) w57 Al 7HA 718L Bafshs 2Aos Uehgti(Tale 1).
T3 S$36, C-21, C-24, L-14= CMCE E3ljste] 3mm m]7he)
s fﬂ“é}wi oFt cellulase 8435 YEMRIAL, 75 S40S
=7 779 cdlulase AL B, Sachs &)= A=
Uelhd #F P22, C-21, C-24, L-172 Y2 amylase B4S B
931, TF S3BS S FFY anylase BHS YEMSoH,
T S$359 S402 & S FASIAA =2 amylase 84S
Bk #F P21, $35, C-21, C-24, L-11& skim milkS &3]
o}tw 3~5mme] E3l B2 FAste] T 5 protease T

S B, #F P25 6mm oAt 2 Eaj 28 FAshd
1 73t protease B3-S UEMISICH, UMA| T5= protease
A4S Holx| AT} Tween 80 Haljshs Aoz Yehd
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Table 1. Activities of hydrolytic enzymes based on clear zone
diameter

Strain Enzyme
Cdlulase  Amylase  Protease Lipase

c-21 + + ++ -
C-24 + + ++ -
S35 - +++ ++ +
S-36 + ++ - +
S40 ++ +++ - +
P-21 - - ++ +
P-22 - + +++ +
L-11 - - ++ ++
L-14 + - - ++
L-17 - + - ++

-, no clear zone; +, clear zone diameter < 3 mm; ++, clear zone diam-
eter 3~6 mm; +++, clear zone diameter > 6 mm
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T P21, P22, S35, S36, S402 o83t lipase 42 YERARL
I, T L1, L-14, 17 S0 Y lipase 245 BYTh
T S359 S402 T2 gl Tl vls) Al 714 7184
IV e w4 BTt

oo 53

B3 107 752 16S rRNA FAAY] A7MES
27~1,492 bp B G X Z=Zs}u A=3 A¥}, 52-899 bp FY
(Escherichia coli positions;, X80725)¢] Aj&o] M&3s] HE=g¢]
t}. RDPY EFTF(type stranE9 G71X g3 vlwd 2w
23 10 75 EF Geobadillus £9] EFTF2] 16S rRNA
9} 99% o)de] EAES 2 GUIFES EAtHFg. 1). O
S$362 G tepidamans, 75 S$-359F S402 G caldoxylosilyticus,
o5 P-21, P-22, L-11:2 G searothermophilus, @<+ C-213} C-
24= G thermodenitrificans, T+ L-14%} L-172 G kaustophilus
o] ZFEATEY B Fs Pt At o= A
ATk

T L-149} L-179] 739 AZ3Fl| 2 bpe] zelE Hola, G

KR
=

G. lituanicus N-3T AY044055
G. kaustophilus HTA426 BA000043 Locus1
L-14 (99.9% identity with BA000043 Locus1)

7?. kaustophilus NCIMB 85477 X60618

G. thermoleovorans ATCC 43513T M77488

71

— i

97

S-35 (99.8% 1dentity with AF067651)

L-17 (100% identity with BA000043 Locus2)
G. kaustophilus HTA426 BA000043 Locus2
G. vulcani 38-17 AJ293805

G. uzenensis UT AF276304

G. thermocatenulatus DSM 7307 Z26926
P-21 (99.1% identity with AJ294817)

55| P-22 (99.2% identity with AJ294817)

L-11 (99.3% identity with AJ294817)

G. stearothermophilus DSM 22TT AJ294817
G. subterraneus 34T AF276306

C-21 (99.8% identity with Z26928)

C-24 (99.7% identity with Z26928)

G. thermodenitrificans DSM 465" 726928

G. debilis TfT AJ564616

S-40 (99.5% 1dentity with AF067651)
G. caldoxylosilyticus ATCC 700356" AF067651

G. toebii BK-1" AF326278

G. thermoglucosidasius ATCC 437427 X60641

S-36 (100% identity with AY563003)
G. tepidamans GS5-97" AY563003

Bacillus subtilis DSM10™ AJ276351

0.01

Fig. 1. Phylogenetic relationship of 16S rRNA gene sequences of isolates to those of Geobacillus type strains and the strain G kaustophilus
HTA426, the genome of which was completely sequenced (GenBank accession no. BA000043). GenBank accession numbers of each strain were
shown &fter the strain name. Maximum likelihood method with HKY substitution model was applied to phylogenetic tree of the present
Geobacillus. Bootstrap supports with 1,000 times of bootstrap replications, were shown on each branch when the support value was more than
50%. The scale bar represents the number of substitutions per site. Similarity between our isolates and their closest type strainsin 16S rRNA was

shown in parenthesis.
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thermoleovorans, G lituanicus, G kaustophilus, G wulcani®] 3
T H71XEF 1-5 bp Afo]E Kol I F o= Foll T
A= =22 maximum likeihood boostrapping  support
vaued] oJ3l A=A X 3l olE Tl &3ke dTE 5
FAA A d7IMGo] ZAHEHAXN A7 G g A==t
=2 G kaustophilus HTA426 (BAODDD43)S F7}5te] tlxgt
A¥}, HTA426 3319 F 712 §-32F AR (loci)oll A L-149}
1 bp Afol& Holal, L-177= TL7 A7IM Lol A=A
(Fig. 1). o] 23l w2, G kaustophilus®} G thermoleovorans
© 16S rRNA AL d7IM el s == Zstar, A
FRA Q] WHoldl] o8] EHE & EgHA) (species complex)o] ™,
L-149} L-172 o] EgAo) &3le dFEZ & F Utk o] 4
TFoME L-149} L-17°] G kaustophilus HTA426 (BA000043)2]
16S rRNA F3A 5T 5Y¢t v @A 3 GV & ¢47]
AEE 7= Aol & HYerE F IFE EF G
kaustophilusZ. 57433t}

Table 2. Utilization of carbohydrates by isolates from litter deposit

S sl Beld 594 AR 35

2471 <]k
(Teble 2). &€ #F 257} o83 EFZ+ D-glucose, D-
fructose, D-mannose, maltose, saccharose, amidon®} Z2-& &/l =
FA, D-ribose} esculin® 5 L-11, D-xylose= ¥ P-21
= AQ)g YA 15 257} o8-8k Zo® UERT v
D-arabinose®}  dulcitol> 5 L-14%F¢], methyl-8 D-
xylopyranoside®} L-rhamnose= 5= C-245Fe], 18]31 methyl-o
D-mannopyranoside, lactose?} B-gentiobiose= T S-36%H0] 9]
23519t} Erythritol, L-xylose, D-adonitol, L-sorbose, inositol, D-
sorbitol, amygdalin, arbutin, inulin, xylitol, D-lyxose, D-tagatose,
D-fucose, L-fucose, D-arabitol, L-arabitol, gluconate, 2 Kketo-
gluconate, 5 keto-gluconates} 22 1) FH+ BE TV} ©]

g7 Zaisi),

Carbohydrates Strain
c21 C-24 S35 S-36 S-40 P-21 p-22 L-11 L-14 L-17

Glycerol + + + + - - + + + -
D-arabinose - - - - - - - - + -
L-arabinose + + + + + - - - + +
D-ribose + + + + + + + - + +
D-xylose + + + + + - + + + +
Methyl-$ D- xylopyranoside - + - - - - - - - -
D-gdactose - - - + - + - - - -
L-rhamnose - + - - - - - - - -
Dulcitol - - - - - - - - + -
D-mannitol + + + + - - + + + -
Methyl-o. D-mannopyranoside - - - + - - - - - -
Methyl-o. D-glucopyranoside - - + - - - - - - +
N-acetylglucosamine - + + + + - - - - -
Esculin + + + + + + + - + +
Sdicin + + + + - - - - + -
Cellobiose - + - + + - - - + +
Lactose - - - + - - - - - -
Melibiose + + + + + - - - + +
Trehdose + + + + + - - - + +
Melezitose + + - + - + + + + +
D-reffinose + - - + + - - - + +
Glycogen + - - + - - - - + +
[3-gentiobiose - - - + - - - - - -
D-turanose - + + + - - - + - -

Symbols denote positive (+) and negative (-) in sugar utilization patterns of APl 50 CHB kit
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HjQkR == 40, 50, 60, 70°CE Zddle] 6A7F 7408 FF
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L-145 At ymA] ol #F= 60°C7t HF A 2=
, B3] 15 S36% L-170] thE #FE0) vls] 60°ColA A
Fo] B& AoF el %7] pH7} 6.0~8.0 AkololA] T
o 157t =& AFS B, 7 #FEE By, 745 C
21, S40, P21, P-22, L-11& pH 60, &5 C-24, S35 pH
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Fig. 2. Variation of specific growth rates (h%) of Geobacillus isolates
with temperature (top pandl), pH (middle panel) and sdinity (bottom
panel). Symbol (O ) C-24; (@) C-21; (A ) S-36; (A )L-14;, (1)
P-21; (M) S40; (V) L-17; (¥ ) S35, () L-11; (@) P-22.
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EeE gastdod, e el uieh A (2~4%) thdst
Al debgth. dEE 30%E VIEo s da&we] At Fil
SHAl UElaL, 4%ellrl= 47880l HaUtkFg. 2).

A7 7GR AT Exshe 94 Alds 28l
HHos FYPHAN, I A3t 10719
4 wF7E E2lE0er, 16S rRNA 34k A71A dol
g
|

\

3= 548 712t} B. searothermophilus, B. caldoxylosilyticus,
B. thermodenitrificans, B. tepidamans, B. thermoleovorans® E-2]&
124 BacllusEo] 1 4}1dl, 2+ G dearothermophilus, G
thermodenitrificans, G thermoleovorans (17), G caldoxylosilyticus
(7). G tepidamans (21) 50 BEE AT o5 7oA,
54 37144 M (facultative anaercbe)©]1l, 45~70°Ce] 4 A%
EEE 7 Ao® A T (17).

S AN Geobacillus @32 =& ME x4

o] AFolA Ee]H Geobacillus & T5E9 AR L5}
pH, 1|31 ol st WS T3, a5 HA A4A
EAS FESATE ol dist WL, BE 79 Aol o
oJu= FHil dxo|HA &R Atolrt FEEF, 3% AW
NA TFE2] EEE (1) S EA(Inde) = A8t 41513
Th Uy, b2 14 95%2] k-F R ol o3l 53 2
7, 0037 & AR GEWAET} =& 759 iz ez
Arrt e dFER EREAY 775 HA AL
16S rRNA A} G714 Lol 2A% £ EFoF X844 o)
aE0 2 rolAtkFig. 3). G thermodenitrificans T3 C-213}
C-24= U= UER JEUAE7} ¥31(0.047-0.050 h), 60°C
o] 259} pH 6.0-65%1 AN & 4 4 e ASe=Z Y
et G searothermophilus 5+ P-21, P-229} L-11-2 60°C2]
258} pH 6.0 Z00A & A3 84S BIAEL P
213} p-229] 79 @E WA=} $a1(0.016 ht g, 0027 hY),
T L1118 9% WASE(1y,=0041 hiy7} A4 Yehh= iy
Z 249 G caldoxylosiyticus 5 S359F S40& wj¢- W&
HEWAE(0012 h! wy, 0017 hYy7t 5Fo2, 60T} pH
6.0~7.09] A 2 AT 5 U= o2 YERT Al%A
o2 tZ Geobacillus &2 FE7 71 Aol3t G tepidamans
Lol & S362 W GRUAE(uy,=0.022 e} F4 pH
oM HH AAste EHoz g #FE THEAY G
kaustophilus &2 L-149} L-177} E8det], T 759 H
A A7 pH 8.09 &l ol oA o a5
S vl g@sinh 23, ARWAET A2l E 2 0058 ht
9} 0030 h'Z tiulE)= o] A4S Btk o] AFolr ZARRE
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Index of tolerance t0 salinity

Fig. 3. Distribution of Geobacillus isolates by their optimum growth
temperature and pH, and tolerance to sdlinity, i.e., pecific growth rate
(hY) a 3% sdlinity. Two strains (P-22 and S-40) were located at the
same position in the three-dimensiona coordinate. Symbol (O) G
tepidamans; ( @ ) G caldoxylosilyticus; (] ) G stearothermophilus;
(M) G thermodenitrificans; (+) G kaustophilus.

107 FFEY FH AL EX = gE ds #2d 59
’d Geobacilluss9] A4 &&9] Fx9] W9} & zlolE Kol
e &gttt £, G thermodenitrificans NG80-2& 45~73°C
A e, HF L 65°CE UERITHRE). ol 5Y9F
o] TF C-213} C-249] HF YAL=(60°C)et ARSI

S YUY Geobacillus?F 7| MEfSHE CrfM 2t 235}
TFELS 2%, pH, G 24 wet 22 4gge] v
o2 Uehal(Fg. 3), F Aol gstE o8
A4S BAtK(Tables 1 and 2). Wb 4 #3E
A w3l de] M2 tE Aoz waE. F 9 e w
Bl T8 /0188 = U grdtEy Al §7189]
o|& AlZslste] aidsly] fisted, 2 ] 71A] 7hEsl
2 WFE ok (Table 1) APl 50 CHB kitoll 38l 49714 &
3} 0|8 (Table 2)2 maximum parsimonyiioll 2]l H=
2335} TH(Fig. 4). Bootstrap supportell 23l G searothermophilus
2 L-11, P21, P2 5= TE d55 B3] g E283
P 7HES & S A, G kaustophilus®] L-149} L-17 FEgH
AR 714 ol de BTt 18y S359) S40, 1)1l C21
I C2u4= A2 FY TYE E8L, G searothermophiluse}t G
kaustophilus®] 712 o1& P} GALES BST) 16S rRNA £-41
AL 471 gol| 2§ AlERA AFE HH(Fg 1), G tepidamans S
36°] Geobadillus £79] FF2/33 7P XSlEE Ho|BE, Fg. 4
o] ABES] root= T S36 A AR ZAol| XAl &
= A} olo| we}l G searothermophilus®} G kaustophilus <+
E9 Heho] 352 o=E 7R E 7|A o8 ] ATl e
WIS HY(Fg. 49 72 shdet HAo= 449 Bk, ¥

2

2 M2
=

Az o
o,

O o
¢

S sl Beld 594 AR 37

2 (EHEEY] AR el A AR A (B 4= st
Z v, G gearothermophilus®} G kaustophilus #5529 3
o] gIAE MZ Aolst 71 EalleS F5AY sk
B2 4 g 53] F=83 H2 G searothermophilus 3
e A% 2 #W3le codlulose, cdlobiose, mdibiose 52
F 239} trehdose, sdicin, arabinose 59 @5 o8 %
S ke Wake 2 Tk Holtt. o] T ATE Talel
IEA H71E B8l P v, B ol8se] duiFes
193t G dearothermophilus FFE°] #319] protease A4S
7Rt A giz2ES 2 5 ok

o9} x4 o2 G caldoxylosilyticus $-35¢F S40, 18|31l G
thermodenitrificans C-217} C-24= BUZ 7359 &4 Bl
o] AolstAl BEXst= AHFolth. S$359 S402 cdlulases)
protease?] B4 5ol MZ Hie] 79-o)a(Table 1), 67HA]
F2] o] g0 Xfo]7} UATHTable 2). C-213} C-24 Alol= 7
7HA &R o8&l a7t UATHTable 2). °l€ G
stearothermophilus®} G kaustophilus®] &2 H3ls @3 F4E
o] AkAMEE whom, F FFoA AEF X9Vt AHEHEE
E3}5o)7l= ¥, G caldoxylosiyticus?t G thermodenitrificans
o] A% E4 wallee] trdde] atE = AEA A9E FASH
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N-acetylglucosamine: + — -
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Fig. 4. Unrooted maximum parsimony tree for phenotypic clustering
of Geobacillus isolates based on activities of the four kinds of
hydrolytic enzymes and the usage pattern of 49 carbohydrates tested
by the API 50 CHB kit. Bootstrap supports higher than 50 were shown
next to corresponding branches. Based on the phylogeny by 16S
rRNA gene sequences (Fig. 1), S-36 was assumed to branch directly
out from the common progenitor of al isolates. Arrows indicate the
route of evolution from the presumed common progenitor. Boxes
connected to each arrow by dashed lines list change of characters
during each step of evalution (a branch marked as an arrow). Small
arrows within a box indicate the direction of change of a character
aong with the evolutionary step. The scale bar indicates the number of
different characters. Symbol (O) G tepidamans, (@) G
caldoxylosilyticus, () G dearothermophilus, (H) G
thermodenitrificans; (+) G kaustophilus.
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ABSTRACT : Hydrolytic and Metabolic Capacities of Thermophilic Geobacillus Isolated from Litter
Deposit of a Lakeshore
Hyun Ju Baek, Young-Gun Zo, and Tae-Seok Ahn* (Department of Environmental Science,
Kangwon Nationa University, Chuncheon 200-701, Republic of Korea)

To understand contribution of thermophilic microorganisms in decomposition of litter deposits on shore of
lakes, we surveyed a lakeshore litter deposit for bacteria growing at 60°C. Ten thermaophilic isolates were
selected for in-depth characterization, based on their high capacity to degrade high molecular weight organic
compounds. Based on phylogenetic analysis on their 16S rRNA gene sequences, all isolates were identified as
Geobacillus. The optimal growth temperature and pH of the strains ranged 55~60°C and 6.0~8.0, respectively.
Salinity was inhibitory to the growth of the isolates, showing marked decrease of growth rates at 3% salinity.
Based on activities of hydrolytic enzymes and profiles of carbohydrate utilization (determined by APl 50 CHB
kit), three G stearothermophilus strains showed patterns clearly digtinctive from other isolates. Two G kaus-
tophilus strains aso demonstrated distinctiveness in their metabolic pattern and ecological parameters. How-
ever, ecological and metabolic profiles of the other five isolates were more variable and showed some degree of
digression from their phylogenetic classification. Therefore, it could be concluded that endospore-forming ther-
mophilic bacteria in lakeshore litter deposits contribute to degradation of organic materials with diverse eco-
logical niches while having successions similar to microbial florain compost. We propose that the thermophilic
isolates and/or their thermo-tolerant enzymes can be applied to industrial processes as appropriate mixtures.



