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Isolation and Characterization of Thermophilic Microorganism
Producing Starch-hydrolyze Enzyme

Wonseok Choi and Dong-Hoon Bai*
Department of Food Engineering, Dankook University

Abstract

A thermophilic microorganism, which is able to hydrolyze starch, was isolated from soil and compost in Korea. It
was Gram-positive, rod-shaped, catalase positive, nonmotile, glucose and mannitol fermentative, xylose oxidative,
and spore forming microorganism. It also has an ability to hydrolyze casein and gelatin. The color of colony was
yellowish white. The sequence of 16S rDNA of strain 2719 showed 99.5% sequence homology with the sequence
of 16S tDNA of Bacillus thermoglucosidasius. On the basis of biochemical and physiological properties and phy-
logenetic analysis, the isolated strain was named as Bacillus thermoglucosidasius 2719.
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A A e i 744 :L%‘ 2 st % AR R
Sh= ethanol W& 7F F5& WAL AthKim et al, 1995b).
Zd%i‘% ethanolZ 71 8+3}7] Hﬂ‘ﬂ’ﬂE Ax}A o7 315H4
Q1 oy mA ol o)k Hite] Hste} B8l #Hgo]
30}‘:}. n A =oll ofgk el Azt B Gl e] g
okt nAE A E2HE AE B a0l amylaseS
o], gAlste] A&l YT Wilson et al., 1982). Amylase
= a-amylase, B-amylase, glucoamylase®} isoamylaseZ =
Al 83 4 A= (Greenwood & Milne, 1962; Windish,
1965) a-amylase(endo-amylase)= amylosel} amylopectin®]
a-1.4 A4S FA9H 08 7Rl ste] dextring A st
I o-amylase®] Al&A Q1 2Hg-oll 2|3 maltose, maltotriose,
maltotetraose 5 FA43 F glucose}
maltoseZ #35l= &4 o]}l B-amylase(exo-amylase) =
starch®] H)SQA Dk o 2 XE maltose 9] 2 7148 3}
= 8424 a-1,6 43S X35t 3 dextrine FAI S
starch®l] 283} o-amylose®} amylo-

s

9] oligosaccharide S

t}. Glucoamylase=
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pectin®] a-1,4, a-1,6 A 7R3 glucoses A4
Sl geladol, 1soamylase— starch®] o-1,6 Aol Tt
2-gehe aaolth ol g Aol o #dske 14
= 2R, F%0], Alet, Wol B FEAWel e SA gt
H7] amylase Gl HMopt =3 GolA F23 amylase
£ o] &2} amlyase A2} H]-§o] HIMIL Aikglo] B
sto] Qo= amlyase 3ol AAHH]-&o] A atar A
Aol FH-g v E amlyases EE] &3t 1o
(Igarashi et al., 1998), L 8+ Ax3d, HAFH, 2
F3Y 2 A AxFEAM EE F7Fstal Aok
STEA nAEL JulA O F 55°C o] Aol 1o A] &t
8] AEshe s Wole Zo® olgd TEA MAES
B HH], 2HAY T e xS ‘K}(Brock
1978). 50°C o] 4re] TeoA Ago] 7Hset AR
A3 Bom WEA a-amylases AAslE /% Z}?i
Al Well de] BE312 JAth(Windish, 1965). = £ L
2 Wi e sdZded 4AE Ad aho #3 AT
o] ol P St} 2 FoA] 224 F7F ALt
ste A dd Bajgso] #3F A (Forarty, 1983;
Kim et al., 1995a; Kim et al., 1988; Watanabe et al., 2002)
o 2 o5& AEF/FHFAN EHA L& F Ue
292 tfFete 2R 7] e E’lﬁoﬂﬂlx} 13
FoRHH Bl i &=t B g4 T
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A 2 A g@AE 324 Bacillus amyloliquefaciens
NS 15-4 o] Aibst= g o EslassE 8 4
Akl a0 AYstetH =

o & d& g

Methanococcus jannaschii= 7J38] oA #2] ¢t methane A3
Aol A gl = ¢l o E*%"*Q% 116~130°Col|A] Zh=t}
(Michels & Douglass, 1997). 2224 ujA&Eo] A1tst=
WEd 2452 g e 5 o% 7RIS o] A A
SR ARGE W gav|go] SojEs aat o Wk
QEE aL2olA 7hssHA o Ei‘ﬂ'? 34 ot ®
& A dlH(Adams et al, 1995) == amylase 2
cellulaseE‘: YA Aoz FEEo] BaEe] A3 gl
T} (Emtiazi & Nahvi, 2004).

Aol E ol et 0431 7R 8] BAom sfjo] o
g A oA £ EFS Hogste] I nAE
"é—a el ekalaL 1?"“"1 sl el gdo] g3t

T5 TEst #F9 =g ek AEE el
nbosomal DNA®| @7] #4& st 479 85 Al
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724 amylaseS AAFEFE M) HElE 23
= A o] EGS AF sk 60°CollA A&sh=
gsti, 7+ #4555 AF 227 7P =2 47

S AR EFAE 1 g5 Fste] 4mL A
B $ 307 AR 5 2 45 100 uLE F et
o] LB 3 HlA](Yeast extract 5 g/L, Tryptone 10 g/L, NaCl
10 g/L, Gelite gellan gum 8 g/L, pH 7.0)°l =31t} LB
B iAol E ZPAE 5 iAol Gelite gellan gumS
AFEEFTE 012 60°CS] WSkl A] 24-48A] 7HEQF Bl <k
skl A3 S IR Ao 12 AAE
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FES LBYA| wiA|o] z}zk HF 3k 60°Col A 2441 7F
e X wjgEiaL o) F wigY R Bt 1%E Fsl
A 22 LBAA] v =] ol F4E3FAL 40-80°Cell A 2H2} 2441 7F
Bt X" wjFste] Ao ASo] &gt #FES &
A3t o] &S 24} AAHHFZE SHAT
SAE A

EYo2HE AAE #4575 HWF2=E 3t amylase®]
242 E 7R A5 AdE] ste] dEe] g
LBE & wiA o] 2212 A #55 HEsHAh ol &

5

60°C 71014 24X 7H5<F v et - 1% iodine(iodine :
potassium iodine=1:1)8HE 7}3lo] #A T clear
zone A3 AF-E A3 th(Whelan, 1965). °1& T «
A F9ll clear zoneE HolE dFES AW o &S

- WfEE

ChAl A W) st 2wl F de e 1000 pL7h F4
paper discE soluble starch(Yakuri A}, Osaka, Japan) 1%
A7 LB wiAloll #1218k 60°Coll A 24417k HE-g-
0.1% iodine solution¥}] ¥hg- & oz § A
A=} 8 STt

ru[o o ﬂllﬂl rlﬂ

SHEBHR o MBS

75 FeF 549 9 As}shA] 542 Bergey's Manual
of Systematic Bacteriology (Kreig & Halt, 1984)2} Bioche-
mcal Tests for Identification of Medical Bacteria (Macfaddin,
1990)0l =3ked AldetTt. o2 Fejghdl 542 2
=g A B et u| Ao o s B FALEAEAR A
(SEM)dl| e]3t fag o s eilalqint. Astehs 545 &
13k7] f1gk 919 RE A= 60°ColA 244 7HE 3¢
LBH}A] o] 4] af 5t Zﬂ% ARgSET 22 94 9

60°Coll A 24A17F M FEE 5 v 5 dHS F sk
100°CAlA 1087+ & %’J?‘f} % LBuIA el pour platet]
2 1%E FJFstaL l% THA] 60°Coll A 244171 &<t i <F
3 Aol FAES slide glass 9ol HA =wsk
malachite green %123} 3027t 715 H 3L SFHFE Al
35l ¥ safranine O 20% FF FA3lY 0|8 SHTE
AlFste] duj7d o= A3t CarbohydrateZH-E A
Ao o] 3ol A ¥ -2 peptone 1%, beef extract 0.1%,
NaCl 0.5%, Phenol red 0.0018%% -3+ HlA]oll glucose,
arabinose, xylose, mannitol, fructose, galactose, ino-  sitol,

é&m_

maltose, lactose, mannose,

sorbitol, sucroseS Zt7}t 1%7} H=E FH7}ske] 60°Col A
24X 7F B 9¥ate] Phenol rede] 172 W3lE acid A4 o
¥8 BEsg,

raffinose, rhamnose, sorbose,

MizE X[ = 24

o472 whole cell fatty acid 242 Hewlett-PackardA}
(Palo Alto, USA)®] GC HP 6890 < AH&o] EAJ3lith &
= A HAakS 2= Hewlett-Packard(Palo Alto, USAAFS] ¥
X HFak(calibration standard kit)S AFE-SAth XA¥EE F5
= LBHIAS] 60°COllA] 244]7F &<t v st & #A1E
she] o3} 7ro] A 2] sk th. Saponication reagent 1
(Table 1)2 1mL 7}3F & 3087 100°ColM £ 3 &
2= Eol WZskH . MethylationS reagent 2(Table DHE
2mL 7} § 80°COlA 1027 WHAIZIAL 52 &0
W 713} A Th. ExtractionS reagent 3(Table 1)2 1.25mLE
7heh 3 1027 oA A Jgg 3 s S Al
73+ ). Washing reagent 4(Table 1)& 3mL 713} 5
w2 s A7sen SEEE fIste] 23} NaCl &
4 500 pLE 7tk EEE A Fotd 248 A
52 ARESITH 5"—1% A8 GCE ARESt 4] §
Sherlock program(MIDI Labs Inc., Newark, US.A)E &
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Table 1. Composition of reagent for analysis of whole cell fatty
acid

Reagent Composition
45 g Sodium hydroxide
No.1(Saponification) 150 mL Methanol

150 mL Deionized distilled water
325 mL 6N Hydrochloric acid

No.2(Methylation) 275 mL Methanol
. 200 mL Hexane
No.3(Extraction) 200 mL Methyl #-butyl ether
10.8 g Sodium hydroxid
No.4(Base washing) § Soditm hyciroxice

150 mL Deionized distilled water

ate] B ek}

16S rDNA2| 247|MY E4

16S IDNAS £413}7] fl8l & Aol ARg-she d5<l
strain 27195 LBHIA] o] HF3le] 60°C, 250 rpmO-Z 244]
7 E A wFstdnt vl vl & DAl ek
#A S 343}, strian 27192] chromosomal DNAZS
lysozyme-sodium dodecyl sulfate-proteinase K " (Frederick
et al, 1992)° 2 H2|5}th #2]E strain 27192] chromo-
somal DNAE template® AF8-5}] polymerase chain reaction
(PCR)E 3le] 16S IDNAZS FZ 3}tk PCRO At
4% primer= 16S tDNA sequencing®] AM8-31= universal
primer (forward primer: Eubacterial 27F: 5-AGAGTTTGA
TCATGGCTCAG-3', reverse primer: Universal 1492R :5'-
GGATACCTTGTTA CGACTT-3)& AH&-3}3it} PCR HH-&
Aol 4L 10 uL template (50 ng/uL), 5 pL 10 x reaction
buffer (100 mM Tris-HCI, 400 mM KCI, 500 pg/mL BSA, pH
8.3), SuL 1.5mM MgCl,, 5 pL deoxynucleoside triphosphates
(2.5mM each), primer 2t 1 pL (100 pmol/mmmmL) 2, 22 uL
o] Hit 33} THRTE JMAE 50 uL=E AL o] &
3t S thermocycler(Perkin Elmer Co., Waltham, USA)S
ARgste] SESIT. 55 7] f1F PCR 2102 E
denaturationS 94°Col| A 187}, annealingS 60°CollA] 18
7F, polymerization2 72°ColA 1& 30% &2 F 30
cycleE sl om, HFH o= 72°Col|A 1027+ SFA|
Ztk. PCR AHE2 0.8% agarose geldllA 2 27]1& &<
stk El® 1400bpe] PCR AHES Bio 101 gene
cleaning kit(Bio rad Co, Hercules, USA)S A}&3}o] A
3t & topovector(Invitrogen Co, Carlsbad, USA)]| ligation
A7l % cloningst it AHE #F25E thA] plasmid
DNAE g3l ©]E Tvector sequencing primer(M13
forward, MI13 reverse)E ©]-&3}4] Alfred automated
sequencer (Phar-  macia, Uppsala, Sweden)Z4 rDNA<]
Q71 Ee AA YT 2 A= Blastn T2 1S o] &
3}] gene bank ¢} RDP(RNA database project)®] 714

&3t vlaLste] gkt
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%‘— & Fske], 71 Al ds 10mLE 7hste]
e & 3027 WAt LBE A S e, e
30 ¥ 735 100 L Hsl =T ©]& 60°CoA
wjFate] Agahs 12509 #FE LAk Agssinh L3t
ARE #FE AA wdEel o wggh F 60°CelA
FhA R EETE ME 375 609F 22H o7 A1

ShAth ol&S T Aol e v ol HE st S
H colony®] FHel i | as XS Hol= #F 23
FE IRISIALL oS 717t g HyhjR o] Edaled]
T BEET HFH O o8 237 FE LB AAH|A
of Al HF 3 60°Col A 24A17F vl 3l o] H<F
Aol A4S paper disc o2 AA sl F3le]
717y 7P W #5155 AAS] olE strain 2719
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scanning electron microscophy2} gram 344
3T Crystal violet AFE-3t Gram 9 o
sto] Fst dAnH o R AHE A3 Gram FE
At AAe] oART7F AT YERA] gkth whebA
KOH ring test¥ (Bourgault & Lamothe, 1988)2.2 T}A]
ehi #AFe] 2 A Gram YHFLE HHZE F AU

1=

Fig. 1. Formation of digested clear zone on the LB media
containing 2% soluble starch.
A : Bacillus thermoglucosidasius 2719, B : E.coli
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Fig. 2. Scanning electron micrograph (x20,000) of the Bacillus
thermoglucosidasius 2719.

Gram @FA1¢] A3t s8] YeptA] 42 e 7 AF
47t B Bacillus % #5535 €] 22004 A3t
= 548 7HE o] 718k o= Azt ek A
Ardu|7d o2 A 2 A3 Fig. 20 Bl vpef o] A
AFOZE= 0.7x1.3~2.0um Afele] A71E 7K = Tht &

Table 2. Biochemical and physiological characteristics of the strain
2719

Strain 2719 Bacillus
subtilis
Gram staining + +
Spore forming + +
Catalase + +
Anaerobic - -
Voges-proskauer test
<6 - d
>7 - -
Acid from
D-glucose + +
L-arabinose + +
D-xylose - +
D-mannitol + +
Hydrolysis
casein + +
gelatin + +
starch + +

Table 2. Biochemical and physiological characteristics of the
strain 2719 (continued)

Utilization

citrate + +
Degradation of tyrosine - -
Deamination of phenylalanine - -
Egg-yolk lecithinase - -
Nitrate reduced to nitrite - +
Formation of indole - -
NaCl and KClI required - -
Growth at pH

6.8, nutrient broth + +

5.7 + +
Growth with lysozyme present - d
Autotrophic with H,+ CO, or CO - -
Oxidase - d
Arginine dihydrolase - -
Lysine decarboxylase - -
Gas from nitrate - -
Growth at pH 5 -
Degradation of tyrosine - -
Reduction of methylene blue -
Acid from

fructose -

galactose -

glycerol +

inositol -

lactose -
maltose +
mannose +
raffinose +
alkaline(-)
sorbose -

rhamnose

sorbitol +

sucrose +

Motility -

SIM -

Growth at NaCl(%)
2 - +
5 -
7 - +
10 - ND

Growth at temp(°C) 60°C
5 -
10 -
30 -
40 -
50 -
55 + -
65 + -

d : 11-89% of strains are positive, ND : No Data

+

o + + o

Heo #oz AZE oV 2 Bacillus & 7S o
A o] Mol vfg- B A o|glon & E7|50] 3
ol JATt TS 2t I3 o Ate]7F FARE Hol

oﬁ?&ﬂl

>’i O_u

p
fu
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=oll oall M2 dZEo] 3= FHE Kol ATt

SIS EM
Strain 27199 AJslelzd AHES Adst AAE

Bacillus subtilis?t>] ¥1aste] HES A3t Table 200 X
ol wule} 7t} Catalase test: slide glass°ﬂ A A =k
Aol 35% H,0,5 ¢ He "ojzmdd T 7] A4 o

FE 8RI5I catalase ¥ TdUS EASIATE 2719
T 22 A TYS gelshr] Adl 2719 5 WSS
100°Coll A 1087 S'A S & vkt A3 2719 5
7F A&t Zioi Kol x2} A5l U
o3l o, 23} 2 safranine O FA43te] o
ilg],oq iixﬂ o7 OI]}\HE] ﬁ;q._e_ slo] & 4 O]Eiﬂ-.
Carbohydrate Z F-E] 4+ Ao Fo] 291 AF A} B
o glucose, arabinose, mannitol, maltose, mannose,
raffinose, sorbitol, sucroseo| A= 2+& AR T 1 2]9]
gaglo] H7HE miAoM = A A wHes &
A AT} Arginine dehydrolase test2} lysine decarboxlase
teste= 25 242 YEMIRS ™, Oxidase testol A= 243
< HYo] I SIMHHZM] = ‘EL £ JE3t
60°Col A 2441 7F v oF3E & kovac's & 7hste] A
stE #2343} indoles A4 OW 9}_1* citrateE ©]
|otA] FRoen, 5ol e AR FEIHATH
Tyrosine®] Eallof = Ad 2] A} tyrosine?] 27 o] &l
HA S ZH tyrosines T3] Edhe Aoz 4
% 1 t}. Phenylalanine®] deamination 2 &A= <49
AINE YEPY S ZH phenylalanineS 3314 £3l= A
S #A3F Y. Casein, gelatin, starch®] 7FE3)] A48
o]ES -3 uiR|olA A colony FHE] clear zone2]
YA AES Tt 4o g EellsteA Rlskith
$E clear zone2| A 7ol A FAHAL,

Table 3. Cell wall fatty acid composition of the strain 2719

Strain 2719 Bacillus subtilis
Fatty acid (%) Fatty acid (%)

C]4:01S() 101 Cl4:01S() 120
Cuo 1.72 Cuo 0.87
C]S:OIS() 2723 CIS:OIS() 2540
C]S : 0 ANTEISO 392 CIS 1 0 ANTEISO 3741
Cis .o 1.64 Cis .o 0.20
C]G:OIS() 1560 Cl6:01S() 247
Cis.o 11.55 Cie.o 5.50
C]7:01S() 2437 C17:0ANTEIS() 887
C]7:0ANTE1S() 1112 Cl7:01S() 966
Ci o 0.52 Cis.o 0.50
C]8 1 01SO 066

Cis.o 0.65

AR GRAEAS A T

a : isomer, b : anteisomer

I Fe] A 5% 11

[e%

casein> A o2 A PA=HATE G gelatin> 4°C
of| A '9‘7-1] A 3L= 9l Th Egg-yolk lecithinase testoll 4] =
60°CollA Z 1497F viFet A3 ko] A3} FHo 3l
3 3forA zlﬂgo] A71A] ekttt 232 = lecithing &
& A= lecithinaseE 7HAAL A 02 SRIEA
t}. Methyl red test®} voges-proskauer test= ZHISFH 1%
£ HFsk] 60°CollA 2447 3t g § A& 3 A
I FA o] Mo| gl& FMo 7 248 JERITE A
S e WL 60°CoA 2441 7F vl ksl Zuj ok
1% HEated zH7te] =0l & mjgste] ASEE
lé A3t 55°C-65°Col e WX &Kol 7
oA o] A5 pH H 9= 60°COlA] 244]
—% 1% 3&3ke] zh2te] pHollAl X% |
—3— E}JE}&] ¥ A3} pH 6-8 AFo]Z pH 7
gt S-S Bk 2719 #5E EAE
S arbohydratei—rEi A A B w9} catalase
A AAZe At Bacillus subtilis®t A4S A3}
el ilon, AS 259 motilityoll A e 2o
3

ﬁm&¢y$
éﬁr&’r JL
x ol
ol
;&
[}
r}inshﬂm[ojz

2,

M ot o2 off Hr o E do O
o

&
go
¥

oS K =

Strain 27192] whole cell fatty acid® GC(gas chromato-
graphy)= A3tk 2 23} Table 30 HLlupel 7o)
strain 2719+ C,,, iso 27.23%, C,q, iso 15.60%, C,, 11.55%,
C,yp 150 24.37%, C,,, anteiso 11.12%=Z A=t} o] &
A A= C15:0 iso 27.23%R Bacillus AL} ¢ A
& AW BEE B o] Bacillus AGE S AT sk vk
Bacillus subtilis®] AWAF 2L C,, iso 25.40%S 2,
C,so 50 ©1919] C,(, is0, C,,, iso, C,,2 AAE 22l Sl
o] & strain 27199} Bacillus subtilis7+] *Fo]3st zjo]7}
RAY. o)|AL 2719957} Bacillus subtilis| H]3}e] H]a
4 e exygleln Agey]) HEd Ao AzEn
(Igarashi et al., 1998).

16S rDNA &7 MY 24

Bacillus sp. strain 27192] 944 DNAE A A5l 16S
DNA 9718 221819tk 2 A3} 1,499 bpe] “71*1@‘—"—
glstl e, o] & gene bankd]l TEH UE +F
16S tDNA sequence®} H]2&}o] Bacillus sp. strain 2719
9] dendrograms 28 TH(Fig. 3). ©|E gene bank®lA]
g1t A3} 5FF +F F Bacillus sp. strain 27199}
Aol =& FF= Bacillus thermoglucosidasiusZ. 21 =]
ATk (Lee, 1998). Bacillus sp. strain 27195 Bacillus thermo-
glucosidasius®t 99.52%2] FAMI-S EHA S, 16S tDNA
sequence”’t 100% YAt = A EA] &dch. o] 9
22 Aol W} strain 27195 Bacillus thermoglucosidasius
27192 W sksit)
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S. thermophilus ATCC 43125
Geob. caldoxylosilyticus AJ4893
<lirll sp. AF537294
B. thermoterrestris AJ271739
Geob. thermodenitrificans DSM4
{ B. sp. AB063312
Geob. thermodenitrificans AB028

’7 Geob. subterraneus VKM B-2225

Geob. subterraneus VKM B-2226
1 ‘ Geob. AY0440

earothe

B. thermocatenulatus DSM 730

B. vulcani AJ293805

Geob. thermoleovorans AJ536599

Geob. lituanicus AY044055

B. sp. AJ429138

Geob. toebii AF326278

Geob. sp. AJ489327

—— 2719 <
— B. sp. L29507

B. sp. AF537295
F B. sp. AF537296
B. sp. U59630

B. thermoglucosidasius ATCC 437

0.01

Fig. 3. Dendrogram of the Bacillus thermoglucosidasius 2719
through 16S rDNA gene sequence homology.

2 o

394 vBES HAES] St A= ARAZHE EY
I FAE AFHs 225 H 394 vAES EE sk
ESY FHeERY EeE 3394 uAE 12509 #F
5 AE3A, oS LR mAEe] At a4
G4 E AESIY 38 dE 3 248 Alteke 159
vAES SRISAY. E1E 159 H|A=E strain 2719
2} g 3kal

Strain 2719 #F+= FEHTHOE gram FAF 79 &
48 e, ﬁ—?-% FHE 11 YA] o m, vl A
ot dol& 7 A At g O E gram Y Tt
ol HlehA B2 o #AFEC] 7} #F5 Alolol| H3tet
Al AAAT. Aty EAJS Fold A} catalase ¥
Yl § arabinose W&, mannitol Y&, casein:
gelatin'starch 7Fritsl o] S4S 7HA AL Ao, o=
Bacillus sp.2 F = AT A= pH W+ pH 6-pH 8
oM o] TheRl o, A% X2 W elE 50-70°C
%l 16S rDNA sequence %2123} Bacillus thermogluco-
sidasius2] 163 rDNAQ‘r 99.52%7F YAt S, sequence
o] gRito] thE FEo] AU, A5 50 ke 2
ol H At} BECJ} gene bankol] 5= U= #FTE

"

i

A, glucose

- WEE

16S DNA sequenceS 3 Y| W3l E UX|sle dF+ 3
A=)=] ekttt o]e} 2 AFAF wet 2719 FF&
710 AR A= FhO\, Bacillus thermoglucosidasius
o} ¢ FAFS ¢+F2 A= Bacillus thermogluco-
sidasius 27192 5 3 T}

ror
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