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Producing a Thermostable a-Glucosidase
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Abstract

A thermophilic bacterium(strain DGO303) producing a thermostable a-glucosidase was isolated from manure and
identified as Bacillus sp. Strain DGO303 produced high level of a-glucosidase compared with other thermophilic Baci-
llus strains. The cellular protein patterns were also compared with other Bacillus strains by sodium dodecy! sulfate-
polyacrylamide gel electrophoresis(SDS-PAGE). On the basis of 16S rDNA analysis the Bacillus sp. DGO303 was
found to be a member of Bacillus TDNA group 5. The optimum temperature for growth was 65C and no growth
was obtained at 40C or 75C. The optimum pH for growth was 5.5 to 8.5. a-Glucosidase activity was produced
during growth and most activity was detected in the culture supernatant. The a-glucosidase production was constitu-
tive in the absence of carbohydrates. High level of enzyme activity was detected when the culture was grown on
medium containing starch. Addition of glucose resulted in the repression of the a-glucosidase production. The opti-
mum pH and temperature for enzyme activity were pH 5.0 and 65C, respectively. When analyzed by zymogram,
the culture supernatant showed a single a-glucosidase band with a molecular weight of approximately 60,000.
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a-Glucosidase(a-D-glucoside glucohydrolase ; EC 3.2.1.
20)€ Felngy} chdFe) nighl dao 2 X e o-D-glucosi-
dic 2%E 7MrEalste D-glucoseE FE|AFE Hiol
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1. o-Glucosidase 444t 3o EMM
249 3IHTEE FoM 71 a-glucosidase B40] 2
5 DGO303E #HE st o] $of d3e 14314
th AE7HA] a-glucosidases Ashe Bacillus%9) 34
N2 B. stearothermophilus™ 9 B. thermoglucosidas-
ius®™ 5ol Hatslo] gl Adst 45 DGO303Y &4
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AEE 5 DGO303S 1gdAe] (HEeg 57140
o UAEAE P59 (Fig 1). A 2 A3ley 54
2 Table 29 200 Hz] HFREE 65CH o 45T
A 70C7RA] Aol 7HeE AFAY $F4 Aol
H&o] 7ks3t pHY ¥ele 5.0~9.501%04 AF &
pHE 7.0 4TIt 919 AAle ARE 53}
Bergey’s Manual of Systematic Bacteriology'®'9} H| 23t

Table 1. Comparison of a-glucosidase activity of an iso-
lated strain with reported Bacillus strains

) Activity
Strain -
Unit/ml  Unit/mg protein
Isolate DGO303 2735 75.6
B. stearothermophilus 619 172
B. thermodenitrificans 32.0 74
B. thermoglucosidasius 12.1 34
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Fig. 1. Phase-contrast photomicrograph of Bactllus sp.
DGO303 grown on nutrient broth. Magnifica-
tion, X 1,000.

A3 Bacillus%; ##F2 WEHJLDRE o|F Bacllus sp.
DGO303°.% WHatgth olad #5549 &5& 44
A&8 #5548 7142 Biolog system® o] &3t} HALE
AN A3 B thermoglucosidasius®> 9+ 718 FAH8E Ao
2 et (ZE 1AS).

Bacillus sp. DGO303% U Bacillus% #5579 &
S 9317) 98l a-glucosidases A4rshs Aow d#
A oY Bacillus 75 AXY BHEE AV9FoR
Nl w3kt Fig. 2014 UeRd bie} Ze] DGO303¢] Al
Y g de AYYF M GE BacllusEd TFES
AEY @A EAE g2 P e, o #
dAFed £ee DG03032 Ad7hA BIE o-glucosi-
dase WA Fe e e dF2 ARH

3. 16S rDNA 24

Bacillus sp. DGO3039] ATTATH Hx& FI37]
98 DG0303¢) 165 rDNAE PCRE F24dto] F7)A
dg AAFHH(AR vAF). 13 DGO303Y 16S
DNA 971583 71 45A4e] & 165 rDNAS nl4
2% GenBank$9] DNA databases X 22 A} B, denitri-
ficans(Genbank No. Z26927)>* 2 B. stearothermophilus
(Genbank No. X57309)9 718 4§40l £ 7oz
Vet (42t 96% AFA). B. thermodenitrificans® 9=
95% 9 A%A4e BEouw B thermoglucosidasius® o
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Table 2. Morphological, physiological, and biochemical-
characteristics of strain DGO303

Growth in air +

Cell shape Rod

Endospore

Gram stain
Motility

NaCl tolerance(% )
Catalase

Oxidase

+ o4+ o+ 4+

Nitrate reduction
Hydrolysis of
casein -

gelatin

+ o+

starch
Citrate utilization -
Urease -
Indole formation -
ONPG +
VP test -
KCN -
Temperature(T)

min 45

max 70

optimum 60-65
Acid formation from
galactose -

glucose +

lactose
mannitol
mannose
starch

sucrose

+ 4+ + o+ o+

xylose

T 93% 9 AEAE 7MAE 3oz EAEY 165 rRNA
sequencet o] 9§ 454 Wl A Bd DGO303
& EAARIEA R Bacillus®] rDNA group 529 43}
e Aoz WAL Bacllus sp. DGO303% Bacillus
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Fig. 2. Electrophoretic comparison of cellular proteins
from Bacillus strains that have a-glucosidase ac-
tivity. Lane 1, Bacillus sp. DGO303 ; lane 2, B.
thermodenitrificans ; lane 3, B. thermoglucosida-
stus s lane 4, B. stearothermophilus ; lane 5, B.
subtilis 3 lane 6, B. cereus. Molecular weight mar-

kers(M) are in the outer lanes.

Bacillus sp. DGO303

B. stearothermophilus
B. caldovelox
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B. denitrificans

L B thermodenitrificans

B. flavothermus

L Saccharococcus thermophilus
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Fig. 3. Phylogenetic relationship of the thermophilic Ba-
cillus including isolate DGO303, as determined

from 16S rRNA sequence analysis.

rDNA group 591 &3t TFEH] AT LAEY #AE
dotr 7] 18l computer program PAUP(phylogenetic
analysis using parsimony) version 3.1 483} phy-

YA Bacillus sp. 59 #2) 4 54

logenetic tree® 243t t(Fig. 3). 1 4% E2ld DG
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Fig. 4. a-Glucosidase synthesis during growth of Bacil-
lus sp. DGO303 on LB broth. ®, O.D. 660
nm ; O, a-glucosidase activity.
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Table 3. Effect of carbon source on a-glucosidase pro-
duction by strain DGO303

a-Glucosidase activity

Carbohydrate(1 %) (U/mg of protein)
None 224
Glucose 33
Maltose 139
Starch 1169
Starch + glucose 22

TH(Table 3). Glucose”t 7+ ¥ Aol A& a-glucosidase
o Ate] dA3] FEUTH Maltose’t H7HE w Aol A
T Ah9 Aol T AadHeH starchE EFdh=
iAol Ne Ba Aol A F7HE A Starchs} glu-
coseE B H7He v Ao M= glucosedt 713 vl z|oll A
8} m7IAR g-glucosidase?] 4to] JAHE Aoz B
ol Bacillus sp. DFGO303°14 o-glucosidase®] A4H2: ca-
tabolite repression® o= FHOZ AtEHT)

6. ZgA0l AAE xAH Y 2R

AE 3 HolA 71&d vie} o] AL NS ZA|EHY
EANSY AHEA pHY 252 248y 1 FAw
Fig. 5914 EQule} o] 60T} pH 5.0904 FHi19| q-
glucosidase 4% HYrh of E4% 55-65C ApolojA
70% o9 &4E B 1A Mo e AR
Uelstth 65T oo NE Ea8Ao]l FH8§ adle
e B2 F AUk RAREF B. stearothermophilus
ATCC 12016%} B. thermoglucosidasius7t 4 2+8H a-glu-
cosidase®] 79 #3 pH9} =& %47 6.3, 70T} 6.8,
70Ce|E2 B 739 g-glucosidasedE E49 olg
B Qo AA Bacillus sp. DGO303°) AAHH= a-glucosi-
dase® ¢33 AARA 4%7) Wi B FHY 5Av}
SR ¢ & glov g ARSEgE 2a AN
93 p-nitrophenol-B-glucosidase”} M3 E3 A = 7
o2 #Ho AN E B-glucosidased] T gl
Aoz wddd

Bacillus sp. DG0303°] AW} a-glucosidased] e
A EAES golry] A 2aAhAE AVGES F
TRAENE A3 2 2% of 60 kDa 2719 @
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AojA o] Yeltth(Fig. 6). wekd DGO303AM &
A e a-glucosidases= EA o] 60 kDagl T¥ido|Avt
FYU 60 kDad o8] APYE TAE ©iEd Ao
Atg
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Fig. 5. Effect of pH(A) and temperature(B) on the a-
glucosidase activity. The relative a-glucosidase
activity of the culture supernatant was determi-
ned at various pHs and temperatures. The buf-
fers used were @ O, citric acid-Na,HPO,(McIl-
vaine) buffer ; ®, sodium acetate buffer.



WE4Y 2GlucosidaseE A48k 384 Bacillus sp. 159 #e] 2 54

A B
1 2 1 2

205
116 e

98
6 - [

45 e

29 ———

Fig. 6. SDS-PAGE(A) and zymogram(B) of concentra-
ted culture supernatant of Bacillus sp. DGO303.
Lanes 1, size marker ; lanes 2, extracellular pro-

teins of the culture.
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