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Biochemical Characterization of a-Galactosidase-Producing
Thermophilic Bacillus coagulans KM-1
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A bacterium producing a-galactosidase (o-p-galactoside galactohydrolase, EC 3.2.1.22) was isolated. The isolate,
KM-1 was identified as Bacillus coagulans based on its 16S rRNA sequence, morphology, and biochemical proper-
ties. a-Galactosidase activity was detected the culture supernatant of B. coagulans KM-1. The bacterium showed the
maximum activity for hydrolyzing para-nitrophenyl-a-p-galactopyranoside (pNP-aGal) at pH 6.0 and 50°C. It hydro-
lyzed oligomeric substrates such as melibiose, raffinose, and stachyose liberating a galactose residue, indicating that
the B. coagulans KM-1 a-galactosidase hydrolyzed a-1,6 linkage. The results suggest that the decreased stachyose
and raffinose contents in fermented soybean meal are due to the a-galactosidase activity.
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Table 1. a-galactosidase activity of microorganisms isolated from
raw anchovy

Isolate Activity (U/mL) Isolate Activity (U/mL)
KM-1 0.482 KM-11 0.154
KM-2 0.230 KM-12 0.161
KM-3 0.128 KM-13 0.143
KM-4 0.153 KM-14 0.112
KM-5 0.133 KM-15 0.113
KM-6 0.112 KM-16 0.135
KM-7 0.154 KM-17 0.164
KM-8 0.151 KM-18 0.160
KM-9 0.152 KM-19 0.135
KM-10 0.132 KM-20 0.157
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Fig. 1. Effect of temperature on growth of Bacillus coagulans
KM-1 after 12 hours cultivation.
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Fig. 2. Effect of pH on growth of Bacillus coagulans KM-1 after
12 hours cultivation.
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OFAIRES-S W o] vl | A2y Bacillus sp.)2] FEj2] EA T} U
AJahgit.

API-ZYM1t API-50CHL KitE 0|&¢t #&2| EA

KM-1 59 Alsfals] 54 24517] $J8) APLZY
(BioMérieux, France)E ARE3dlo] 1959 a4TAS =
3t AN Table 2) KM-1 5= alkaline phosphatase, esterase
(C4), esterase lipase (C8), leucine arylamidase, cystine aryl-
amidase, phosphatase acid, naphthol-ASBI-phosphohydrro-
lase, o-galactosidase, B-galactosidase Y o-glucosidase©f tf
St OFAUES-S UERQIE E3H API-S0CH (BioMeérieux,
France)2 ARE-8F0] 505-2] ©hagd o] 3§l FAFSHS =T
(Table 3) glycerol, ribose, D-xylose, galactose, D-glucose, D-
fructose, D-manose, N-acetyl glucosamine, maltose, melibi-

RS

ose, trehalose, starch, D-arabitol 2 5-keto-gluconateE- ©|-8-5}
Ao e,
16S rRNA SMXt H7|IME 2410t AE(phyloge—
netic tree)

o-galactosidase o] =& KM-1 #32] 16S rDNA2)
A7\ LGS BAS A3} B. coagulans 99.797% (3/1478), B.
acidiproducens 97.171% (40/1414), B. shackletonii 95.831%

20kV  X7,500 2pm

Fig. 3. Scanning electron microscopy image of Bacillus coagulans
KM-1 (x7,500).

Table 2. Enzyme activities of Bacillus coagulans KM-1 by API-
ZYM kit

Enzyme Activity Enzyme Activity
Control - Phosphatase acid +
Phosphatase alcaline + gﬁg:gpgwgﬂl ase +
Esterase (C4) + a-galactosidase +
Esterase lipase (C8) + [B-galactosidase +
Lipase (C14) - B-glucuronidase -
Leucine arylamidase + a-glucosidase +
Valine arylamidase - B-glucosidase -
Cystine arylamidase + g‘li(;fghﬁ;" dase -
Trypsin - o-mannosidase -
a-chymotrypsin - o-fucosidase -

+, positive; -, negative.

Table 3. Carbohydrate utilization pattern of Bacillus coagulans
KM-1 by API-50CH kit

Carbohydrate Activity Carbohydrate Activity
Control - Esculin -
Glycerol +  Salicin -
Erythritol - Celobiose -
D-arabinose - Maltose +
L-arabinose - Lactose -
Ribose +  Melibiose +
D-xylose + Sucrose -
L-xylose - Trehalose +
Adonitol - Inulin -
B-methyl-D-xyloside - Melezitose -
Galactose + D-raffinose -
D-glucose + Starch +
D-fructose +  Glycogen -
D-manose +  Xylitol -
L-sorbose - B-gentiobiose -
Rhamnose - D-turanose -
Dulcitol - D-lyxose -
Inositol - D-tagatose -
Manitol - L-fucose -
Sorbitol - D-arabitol +
a-methyl-D-manoside - L-arabitol -
a-methyl-D-glucoside - Gluconate -
N-acetyl glucosamine +  2-keto-gluconate -
Amygdalin - 5-keto-gluconate +
Arbutin -

+, positive; -, negative.



520 7% - ol -

25 AB682458.1 Bacillus coagulans strain: NBRC 106567
37 AF346895.1 Bacillus coagul;

18 AB557590.1 Bacillus coagulans strain: SLS

05 DQ297928.1 Bacillus coagulans strain ATCC 7050
29 AB240204.1 Bacillus coagulans strain: T3

19 AB116136.1 Bacillus coagulans strain: T132

23 AB116143.1 Bacillus coagulans strain: T154

27 NR_041523.1 Bacillus coagulans strain NBRC 12583
03 NR_102791.1 Bacillus coagulans 2-6 strain 2-6

47 HQ171055.1 Bacillus coagulans strain SDM

04 CP002472.1 Bacillus coagulans 2-6, complete genome
24 AB116142.1 Bacillus coagulans strain: T153

30 AF252329.1 Bacillus sp. HC15

31 AF252319.1 Uncultured bacterium pPD6

38 FJ392315.1 Bacillus coagulans strain BAE 0421

36 AB369172.1 Uncultured bacterium

33 FN667356.1 Uncultured compost bacterium

08 JN013944.1 Un:ultured bacterium clone X1-48

strain: IAM 12463
01 KM-1 fasta T o Coagu/ans /(M 1

'z "TBacillus ¢ strain K|
39 AB682459.1 Bacillus coagulans strain: NBRC 106568
49 FN667304.1 Uncultured compost bacterium
13 HQ696605.1 Bacillus coagulans strain WYS-02
35 GU296471.1 Uncultured bacterium clone HG8a
50 GU556970.1 Bacillus sp. XZL9
41 AB680332.1 Bacillus coagulans strain: NBRC 12714
16 GU366024.1 Bacillus sp. AB5216-1
51 FR727705.1 Bacillus sp. IMMOS
46 AB240205.1 Bacillus coagulans strain: TS
40 AB680156.1 Bacillus coagulans strain: NBRC 3887
12 AB362707.1 Bacillus coagulans strain: NRIC 1527
14 HM352834.1 Bacillus coagulans strain A0S
15 HM538423.1 Bacillus coagulans strain A501
21 KF952778.1 Bacillus sp. BAB-3370
28 KF952779.1 Bacillus sp. BAB-3371
32 KF952780.1 Bacillus sp. BAB-3372
22 DQ297926.1 Bacillus coagulans strain 36D1
42 AB680155.1 Bacillus coagulans strain: NBRC 3886
44 AB680118.1 Bacillus coagulans strain: NBRC 3557
07 CP003056.1 Bacillus coagulans 36D1, complete genome
09 AF466695.1 Bacillus coagulans strain IDSp
34 AJ563373.1 Bacillus coagulans
17 DQ297925.1 Bacillus coagulans strain 17C5
20 DQ297927.1 Bacillus coagulans strain P4-1028
48 KC146407.1 Bacillus coagulans strain SNZ1969
26 AB618492.1 Bacillus sp. N-16
45 FN667353.1 Uncultured compost bacterium
10 AB362709.1 Bacillus coagulans strain: NRIC 1530
11 AB362708.1 Bacillus coagulans strain: NRIC 1528
06 AB362706.1 Bacillus coagulans strain: NRIC 1526

Fig. 4. Phylogenetic tree of Bacillus coagulans KM-1 based on 16S rDNA sequencing.

Table 4. Non-digestible carbohydrate resolution of Bacillus coagu-
lans KM-1

Fermentation time (h)

Carbohydrate
24 48
Raffinose 0.75* 0.56 0.39
Stachyose 0.49 0.25 0.16
Saccharose 0 0.23 0.42
galactose 0 0.33 0.49
*mg/100 g

(62/1487)31 A o & Yepyitt, wheba] Al 22|t KM-1 +F

5 B. coagulans KM-12 T 43}3(Fig. 4) 7L G HAE n|=+
Y AEA B ATE| (NCBI)o]| 5-2(JX569800, 2012. 9. 4)3}%]
o 5 AU PEZHEAE(KCCM 112989P, 2012. 9.
6)°ll 7|53t

LHASHY EiEE Hols

B. coagulans KM-19] 2|3t H4314] eH=31E EaiA¢
I}(Table 4) W& stachyose?} raffinose®] &=fo] 2+z+ 049
mg/100 g, 0.75 mg/100 go| RS} 2417 ¥ha & 747+ 0.25
mg/100 g, 0.56 mg/100 g , 48A|7F Tol = 2k2F 0.16 mg/100
g, 039 mg/100 g2 2|45 0 2 7H4st A4S ey
Stachyose®} raffinose®] 7F4el= ATZ OS2 saccharose2}
galactose®] ghgo] F7ok= 21 0.2 & uf B. coagulans KM-1
o] MAFs}= g-galactosidaseo] o8l WAadH] Er4EEQl

stachyose®} raffinose”| 2 B35l ¥l ch= 212 & 4= 2l th Kim
and Yoon (1998)2 ]2 ¥k g of k2 g-galactosidase €3 ]
et A-tol| A WAzt 8ol utet stachyose@t raffinose 2+
Zo| 217k Zhask=s FARS B on o] njAlEo] Bijjsls
o-galactosidase®]] ]2t Zlo|2fal Hargt vl glom] 2 A4
= ole} fARRS o 4 99k,

0jdE #37t ditsk=
HS2=

a —galactosidase?| %X

B. coagulans KM-10| XJAFs= o-galactosidase] BH3-2
=¥ 4845 Fig. 5o YEFW ATt B. coagulans KM-19]

0.1

0.08

0.06

(Unit/ mL)

0.02 & s

a-galactosidase activity

0 I . |
30 40 50 60 70

Temperature (C)

Fig. 5. Effect of temperature on a-galactosidase activity of Bacillus
coagulans KM-1.
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YAFSH= o-galactosidase] AL 557T-65T 2] HolA =
< BE Beloem 60ColA 7HE =7 UE B. coagulans
KM-18] 2|4 952521 50C k= 2pol& H vk wheba] &
2]¥ B. coagulans KM-10.2 WA3H] Epslm g 8402
ol AIABE ] siA = WA 50T oA 23] A ES WS
AlZl the 60 C ol A BARESE festojof & A o= ke
o} vk 0 2 22 W 228 g = 5o HALE A5 ¢
off At e whE AASEAL Qo M A = oA
a7} o]Fo] 27| wftoll AtahgS o= oFA] oot Fufj A
n] g2 0] o] AAH Aol A& IR s T 4 k=
A7 o] 9ltk(Jang et al., 2013).

d

AL AL
& e S S49Ax 3 A9st Ve
7, RP-2014-FS-020)°] #| o] ofalf 2= 51 -
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