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NaCl 10 g/Lyg A #sted Abgstd sy HaA] QAo 1-
2%(wivyF FA skim milkE golFadch 7 Al AR
3= 600 nmellq FHEE FAste] AAskda, e
pHoll o8} AyAeE AHwE =517 ¢ s pH 4.0-7.0&
citrate-phosphate buffer, pH 7‘()—8.()% phosphate buffer, pH
8.0-9.02 Tris(hydroxymethyl) aminomethane buffer, pH 9.0-
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TCA mixture(0.11 M CCLCOOH, 0.22 M CH.COONa, 0.33
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so] 1 AZolnts s]5ae] sample S5 4 zshedet. o
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33;2613}04 Aol-c}]xj‘ i’c%}“% 7 z-lg}oiL} gl ghal
4 shpdel fd ol pH Wstel €3 ¥aind s shals
#1s) pH 4.0-7.0:> 0.02M citric acid-sodium phosphate dl-
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Tris-HCI buffer, pH 9.0-11.02 0.02 M glycine-NaOH buffer
2 o]&3}o] 7} pHEH ¥ 5 (0.6% casein(w/v) /]"4‘3—0”** )
ofod A4 B3t Bl 1A%) Fa) A7 T W
3l J'& of whel FAfstedvh. Erawste] whi-
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ZH= pHE Ak ol & a4 B4zt 4lefx] 20,
) 40, 50, 60, 70, 80°CEZ 2525 W3lAl7|v] F Ao P4
& 2ysgich seln #5e) wiekal slepe] 7 93
o] Hoﬂ ulrf‘; g4 o] Aﬂ/&} U = _7‘5'14{5}7] 2] &) uHoO]:o_q
Wl 1% casein(wiyg SR81E wxlsl 2Fs ke v
A& AF pHS, 37°Cll A w75 wjekshd 4, 8, 12, 16,
20, 2427kl FEAGNE Hate] TARAEE S
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olzkafol 4] A4 %7*740] Z Fudgle] & 4t 20w FA
A AR sl 2 #E 1S Alwste] 27
JH-1, SH-5, 18] 31 SH-7.2.% wiwdalgivt
salEFe S8

Ralgl #4-5S gram stdmmgﬁ} Aab 3 9H7F 2o o

9 ihehRsion] vhojsel #Eele o 4 aldvh wa
KOH string test(13) A2} &A1& viehfio] gram staining 2]
Atz gl & 5 9ladrl. Spore staining g §F HI}
spore7} Faaler on) 13 9] colonydelE 7FAINL Qlsith
@7e wjepral S5} waehd SA(Table 1S 22
A3l 3 5 w5 catalase S 7hx| 1 9)ow] 30, 37, s Col
W Ao S, 10Ce A= Ak aleivh A A7
g A} 2, 5%°] NaClel| 3= 2grov} 7%2] NaClel4)i=
Aeb Sohe el PRSI WY pHE 2T 23l
pH 6. 7, 8|41+ =gkir cascin®} gelating: 9-73hA -3
stz e 7|3 ¢l ow], hemolysisE A]713: 5-HS K
8} gledrh. ahAlMh JH-128] 2§ S5CellA1e Ahebv SH-
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Table 1. Cultural and biochemical characteristics of the isolates

Kor. J. Microbiol.

Table 2. VITEK system test

L Results Results
Characteristics Characteristics
JH-1 SH-5 SH-7 JH-1 SH-5 SH-7
Catalase + + + Acid from sucrose + + +
Growth at 5°C - - - tagatose - - -
10°C - - - glucose + + +
20°C + + + inositol - - -
3O:C + + + galactose - - -
370(7 t + + arabinose - - -
455 + + + xylose - - -
22% : T : mal?nitol - - -
;,S °C ) i i raf.ﬁr.lose - - -
Growth at 2% NaCl + + + salicin ) ) ) i
5% NaCl + + + amygdalin ) ) )
7% NaCl ) ) ) inulin +/- - +/-
Growth at pH 5 + + +/- ribose i ) -
pH 6 v + + maltose + + +
pH 7 -+ + -+ trehalose + + -
pH 8 + ++ + palatinose - - N
pHY9 + + +/- sorbitol - R _
pH 10 - _ - NAG + + +
Formation of indole - - - amylopectin + +/- +
Hydrolysis of starch +/- - + arabitol - - -
casein + + + Hydrolysis of esculin + + +
gelatin + + + Reduction of - - -
Hemolysis + + + tetrazolium red
Voges-Proskauer test - + + Utilization of acetate - - +/-
from NAA
59 A9 5007 Agshe wb SH-79) Ao 45°C7 G]i‘ilcl:’i:l(ffrmema““" on
A at Au 7(1'75]'*‘ zlo] & Bolr}, wal pH 592} 9el|4] SH-7- KSCN n + i
chE el wlal Aol AAEE A VA S S N _ _ _
Voges-Proskauer testd 3} JH-18 £49] A72 neof, 2z} ¢ Mandelic acid + + +
Fob 2349 Aol 2 X 98-S ok 4 gladrt. 91e) A Oleandomycin + - :
Ahgk e F3sle] Bergey's manual of systematic bac- PAS + + +
Nalidixic acid [+ -+ -/+

feriology 2} ®]w&F A3} genus’} Bacillusdo] s
A8k AYstata BAdo] AV 43k #5 B. anthracis,
B. mycoides, B. pasteurii, B. thuringiensis, B. cereus®] 5%&
o] AME[9l=t] B. anthracisi= hemolysis EAdo] 8l7, B
mycoides<= agar W] 2fol| 4] AJA4FA] rhizoid & €le] colony &
vhebRul, B. pasteuriii= NH:E 743l el ] w2 & Azt
Al 8 R g} weba] o] Aglol AL8-%l FE B cereus

= B thuringiensis2 FA ot o]w)gt FR%z] o)
235 918 Assl 754 7149 VITEK system$ o] &

shed 23|2] AAkE AATable 2) atgir}. 3FF 2% sucrose,
glucose, maltose 53 o]-83lo] acidE AJAIS}e %}, ta-
galose, inositol, galactose, arabinose& ©]23}%|+= Z3c}. 3
T X5 tetrazolium ted & FH AR Ealw, 2ol &
A &fel] 4] esculing 7hpE-a) &keict. Inhibitor £ 4] 373
X potassium thiocyanate, mandelic acid, polyamidohygro-
strepinolj4]s= 2+ glucose & fermentation3}$d =] ut, NaCIOII
sloicl. JH-19] A% ole-
andomycin E2]3}el| 4 glucose fermentationS- & 2= 9)gix]
ut, SH-59} SH-72 glucose fermentations- & 4= glich,

4= glucoseS fermentationd 4

NAG: N-acetyl-D-glucosamine; NAA: Sodium acetate; KSCN: Po-
tassium thiocyanate; PAS: Polyamidohygrostrepin. +: positive; - ne-
gative; +/-, -/+: the 1st 2nd experimental results were different.

SH-72] 749~ trehaloseol| 4] acid& AJAI&}%] Zs}od=|wt, JH-
13} SH-5= acid& AAdsleict. VITEK systemeol| 4= JH-
12} SH-7& ¥57%ol 96% B. cereus, 3% B. thuringiensis -
i wlel 31, SH-5%= 42% B. cereus, 57% B. thuringiensis 2.
A leh. ek Rejxl wEe) Ay Aubib 2AS 8
?l(Table 3)&F A3} JH-1, SH-S, SH-7%% 13:0 iso, 15:0
anteiso, 16:02] fatty acid& 7}2] 12 9lgdc). £8] 15:0 iso9]
fatty acid= -2 o R 713 o ‘ﬂi“i FAE ehigd
L 17:0 iso®] fatty acidi= F WA 2 ¥ 248 eyl
L} 8]y SH-52] 7§ JH-13} SH-7¢)| »=—XH6}~‘; 13:0 an-
teiso, 17:1 anteiso A, 17:0 anteiso7} $]. 21, SH-7¢] A 3-S5
2 F el 9l 12:0 is0, 15:0, 16:1 7c aleoholo]
2k zjol B Xt MIDI systemol| 2] JH-1-& 76% B
cereus, 64% B. thuringiensis2 T4 %9 71, SH-5= 67% B
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Table 3. Cellular fatty acid profile of the isolates

Compositions (%)

Fatty acid

JH-1 SH-5 Sh-7
12:0 iso - - 0.76
13:0 iso 8.93 8.45 6.89
13:0 anteiso 1.16 - 1.22
14:0 180 3.90 4.81 5.98
14:0 2.49 2.31 2.51
15:0 iso 34.36 34.95 29.76
15:0 anteiso 498 5.77 6.27
15:0 - - 1.09
16:1 ®7c alcohol - - 1.02
16:1 1s0 1/14:0 30H 2.82 3.96 4.43
16:0 iso 5.71 6.27 8.42
15:0 iso 20H/16:1 w7c 8.49 9.35 7.83
16:0 4.97 4.49 4.14
1so0 17:1 ©lic 2.87 2.73 1.99
iso 17:1 ®5c 5.45 6.98 4.17
17:1 anteiso A 0.98 - 1.26
17:0 1s0 11.31 9.92 9.79
17:0 anteiso 1.57 - 2.46

cereus, 0% B. thuringiensis2 73 ¥%c}. w3l SH-72 43%
B. cereus, 43% B. thuringiensis, 25% B. anthracis% $+73 5]
glch ol#dt xEE 722 3le] o|&F 3dF+ Bacillus

cereus groupel] £& L BET 4 Yrh,

@F7t 2Hlshe EHE JeRsl &40 RMHE
Bacillus cereus JH-1, SH-5, SH-7¢] En]s}= chilz] 7jo=

Fa) Ame) pHoll o8 BAMEE ZAalr] 18 7)d 4
o) pHE dol 4 117h3] WSHI7] £ 54 8es) ahgsto] 2
qe 23 A= Fig. 13} 2o}, o] 2 Es| Bacillus
pH 98} 10e]) 4] %

cereus JH-13} SH-5+= 75% o|Ake] & 43k

100

)] [o 2]
(=] o
—+

H
[en)

Re lat ive activity (%)

20

pH
Fig. 1. Effect of pH on the extracellular protease activities of B.
cereus. For B. cereus strain JH-1 (@), SH-5 (¥), and SH-7 (m),
protease activity was determined from pH 4 to 11 under the stan-
dard conditions. Maximal activity was shown as 100%.
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100

Reslat ive activity (%)

0 i —
20 30 40 50 60 70 80
Temperature(9C)
Fig. 2. Effect of temperature on the extracellular protease ac-
tivities of B. cereus. For B. cereus strain JH-1 (@), SH-5 (W),
and SH-7 (m), protease activity was determined from 20 to 80°C

under the standard conditions. Maximal activity was shown as
100%.

qb SH-72] 79~ pH 9 o|Feljrl= & ]
Aadhe oFe AR 4+ 9lddvh SH-79| HA
pHi= 801911, JH-13} SH-52] # A pHiz Yolgict. wheps]
A ] ,1:1_-3”;&’_3‘\_‘; Ol—ilal 2] o > 2
; = 20-60°C Abolelj4] Helx 60%
Hol AR wl T-2oll4] gkAlAle] ¢l uihwd
A B aAag 29k JH-17} SH-59] skl Refate
FHALE = 40°Cele SH-72] 712 50°Ce] i ek(Fig. 2).
okallflefl 7]zl2] Ealoll 2fslo] FAAlAte] F7}El=%]

A ‘_]-Ag o

2
0]
il
o
A
.f*
o3
alr
i
|98}
4
e

o] A}k9| iLM <

182 o7 sie)] wlokoluflel] 1%(w/v) casein Sl g vl
w ool A5t A shesle Alzskel pHE, 37°Ce 4]

Re lat ive activity (%)

8 12 16 20 24
Time(h)

Fig. 3. Extracellular protease activity of B. cereus SH-7 cultured

with or without skim milk. ®: cultured with skim milk; @:

without skim milk.
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100 ;

D [0}
5 3 3

Re lat ive activity (%)

Ny
o

0

0 2 4 6 8 1012 14 16 18 20 22 24

Time(h)
Fig. 4. Haemolytic activity of B. cereus SH-7. B. cereus SH-7
was inoculated on blood agar media, and a ratio of halo zone to
colony size at different culture time was used as haemolytic ac-
tivities.
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ABSTRACT : Isolation and Characterization of Bacillus cereus Secreting Proteases from Korean Soybean
Paste

Sung Jo Kim, Joo Hee Yoon, Myoung Sook Lee, Han Bok Kim* (Department of Life Science,
Hoseo University, Asan 336-795, Korea)

To clucidate whether there arc bacteria excreting proteases in Korean traditional fermented food, soybean paste
(Doen-Jang) or not, well growing bacteria with halos were isolated on the skim milk agar media. The strains
were identified as Bacillus cereus JH-1, B. cereus SH-5, B. cereus SH-7 through various physiological and
biochemical tests, VITEK system, and MIDI system. The extracellular protcases of the strain JH-1 and SH-5
were optimal at pH 9, 40°C, and the protease of strain SH-7 at pH 8 and 50°C. Also hemolysis activities of the
three strains were observed on the blood agar media.



