The Korean Journal of Microbiology, Vol. 33, No. 2, June 1997, p. 136-141

Copyright(©1997, The Microbiological Society of Korea

=P

CHIE JlEsig a0 SEMO

IPES

& Achst

29 HE AAE Dl B Beliss

EXSk= Bacillus cereus2| £2|

Bolshs ol Ee EAE FH8l7] Y, skim milk ¥

a ~ [=] =] b
9l HFI} BH|sk=
-l —
ZI5E o441
EEREEEY
CHst Ay mysta)

gl

& °|'§'3|‘°1 FHEL Holx FFES 43, 23 A2 2 Aslebs HA}, VITEK system, MIDI systemS £
3 o] &, JH-1, SH-5, SH-7¢] 3 stramol Bacillus cereusd-& F51c}. JH-13} SH-5 F57} Bu|sh= chayal

EHELE pH 99} 40°CN HARAS ¥ on, SHT FFE pH 82} 50°CollA] A H UL Wede}. i3k o] 3
TFE blood agar plates]| A §¥58S Eﬂiﬂk

KEY WORDS [ ] Bacillus cereus, extracellular protease, hemolysis

rO
1_/

2] AJEof 55-’127i°]4. A
1“1 Zefol] ofe] 2
2 g3} 4‘5 A&7b sofrta gk
=9 ¥9 i3} Rusy 5’«1—4*]
AF=e] A& oAl EQ) Natto 2 3¢
Bacillus7& 273skgdct. 77]4 #d]5)E Nattokinasezh=
Eae dAdgs a3t dvke B 3ckis). 2] e}
ME HFURA 1451"7‘]'41*4 BacillusA| 4] 5%
sk oo thgl vk AlsE 2 glek(19).
Bacillus A 42 clokal 04—?7} S8 Z9l vy
shtRa] odzel 2A, 34
species”} 74z} chZw] o] Fo] “J%ﬁ
Q011,19 oI0] A, 349, A% S52 $2 £ chope
482 al P3| A7} A th(6, 17).
TR 4= 0}‘1]‘—4 aug R peptide bond
ThEEEEhe AaRA o5 AR ‘ﬂfz] ‘—H*r -(4,
7) i M FEMo 7§%L'5}~ AAVH14) Al 24 8ol Zx)3)
vh(12). bl Pej g4 EHy Jdubdow serine pro-

o >

o
":T'_

> 2 oy

>
. 2 o oo
2

B

9]

P

i
ofrt
2
_E.
Achye
olN
T
ok

A

sy

P

{f—o

=

=

ERun —
tease, metalloprotease, thiolprotease, ~22] 1 acid protease2]
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gram staining testE ’5_1/‘]6}04 F49 e g AA3 3 3%
©] KOHE A ulofdel 432 5 “'a““%PE Xu*éi’% w‘-’r—‘?é
gram staining testS] A2 =& |53
ing$ 3t EApe] TAj{F-5 Helaklcth EE?"& z+ Aol
dab= A o] gste] 2= A&2A A, pHell wE
AEAE 24, WA 58 FAskch 5] sk
A EAZ A el A3k wlA] 2 AjekS M 23} catalase
test, acid production test, starch hydrolysis test, casein hy-
drolysis test, gelatin hydrolysis test, indole production test &
< 48)8}o] Bergey's manual of systematic bacteriology(9)el
oA FF5 A

242 = 253} #F-EA47]A]el VITEK system(bioMereux
coye olgsto] 28lo] AA o Ase AARAE 5
safod, AgAlelA g Askebd A7) 918 HF
sl w, 332 FF) Az A 248 2R 29E
MIDI(Microbial Identification) system(15)& o|&3}o] £A{gk
AIE g2 F59 A& st

ol tiY FAT B

FFE 0]8-3}o] extracellular protease®] AJS $3F =
A Zae) BAAAE A8 AR sl e, ol
]+ LB medium(bactotryptone 10 g/L, yeast extract 5 g/L,
NaCl 10 g/Lye Alzste] ARg-sldw oA AAujz]e 1-
2%(wivy7t EA skim milkE goAFodct. 2 FAL] AAA

£ 600 melH FHEE FYstol 2R, T
pHoll o1&t WAl s P& %é }7] $13) pH 4.0-7.0&
citrate-phosphate buffer, pH 7.0-8.0-> phosphate buffer, pH
8.0-9.0& Trls(hydroxymethyl) ammomethdne buffer, pH 9.0-
10.0& glycine—NaOH bufferZ pHE ZAslo] Az H ¥
w2 wjoFst T ok AEste] 2zke) Al E 30°Cef A
18417k o] HH%“?SM Al e AR

A JleEellE a0l EMEEH

714-& 0.6%(w/v) caseing 54 pHE| bufferd] £-3]3}o
AHgstslent, FAFAE 12000 g4 S HAEe)
sto] Alzolg 2Rofolo AHRRkITh B ey
& fae] #AL Hagihara®] WS wWdsto] ARgsisict
(8). 71348 1 mlz} 2EA4AE 500 ulE ZA2r 9] wat-
er batholl '3 147F ok 934170 F chl YA A ele)
TCA mixture(0.11 M CCL,COOH, 0.22M CH;COONa, 0.33
M CH;COOH) 1 mie} &3tste] t}A] Ed-2& %9 water
bathol| 30—5'—71‘ ‘f”'ilﬁl—'7 4°C 12,000 gol 4] 5—\%7\1' AA) B

_}1:—9-°“ 500 plel] TCA mixture 1

WS g ARe A A2 WA o] B4 A
A F, oi7lo] 714 8E Iml Y oh 3087 wHEA)
71§, 4°C, 12,000 goll 4] 557k AlRejsle] 1 AlZojut
& 8l5stel Alzsieieh. o)A AZH 2429 samples)
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blank= Bradford reagent(5)2} £ A1-& % 595 nmel|A &
g 2yso] Al Bowde Agsdch =Y
A Fpgra 5] pH Hstl og Base Wa e
$1s) pH 4.0-7.02 0.02 M citric acid-sodium phosphate di-
basic buffer, pH 7.0-8.0:2 0.02M sodium phosphate mono-
basic-sodium phosphate dibasic buffer, pH 8.0-9.0:= 0.02 M
Tris-HCl buffer, pH 9.0-11.0& 0.02 M glycine-NaOH buffer
Z o]g3}o] 2z} pHell W2 0.6% casein(w/v) 7]7H-8-A-& A
zajo] 2as L) Egale] 147 FE WA F,
i gals shdel el S4sislnh L o
Rk i «l W3kg 1) 98] N1 AgNE 7 FFvF HHE
A& Ze pHRE 2L ofF a4 43 4ioiA 20,
30, 40, 50, 60, 70, 80°CE =& W3iA|7|n] HAe] &4
& 2Assich 12l 35 wlep w7 AT
of ol WE F8] A FEEIE Zsk7) 23l vherel
Woll 1% casein(w/v)S ZgslE mixe} ZF3hA] o2 vl
2|2 Azs] pHS, 37°CollA] #F5 aloFsle 4, 8, 12, 16,
20, 2447kl Z2EAGNS el A4BAHE 54
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el A5EA0] Fa FRU0) F FF 229 4
A AFEAs RG] 2 BT 17e el 424e
O:

JH-1, SH-5, 18] SH-72.2 wwslelc).

2olzFel S8

Hel¥l FFE5S gram stainingdF A3 3 F50} 2F oF
A& Hehigien ] el o & sdsdeh w3
KOH string test(13) 23} S-412 vello] gram staining®
A3E Al & 4 9lsdet. Spore stainingS ¥ A}
spore7} 13t o A& colonyH el E 7HA L 914l
5ol wieFA el SAF} AskshA S (Table 1) mm
A} 3 FF 25 catalaseZ 7FR] 1 9) 0w 30, 37, 45°Cq|
A Apsken] 5, 10°CAlA = el Fapsde WdAdg 24
g A3} 2, 5%2] NaClel|A& ztghon} 7%2] NaCloj|4] =
AepA] Eshe SAe] daEsich A pHE xAlRE A3}
pH 6, 7, 8|4 & 28k caseind} gelating S5} 53]
e TS 7R gled, hemoly51s~ A71E 88 B
F5h2 ek, b JHA18] A SSCoIAE Aehe] SH-
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Table 1. Cultural and biochemical characteristics of the isolates

Kor. J. Microbiol.

Table 2. VITEK system test

. 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 - . _
300(3 + + + galactose - - .
370(’ + + + arabinose - - -
;1(5)02 : i + XleS? - - -
o mannitol - - -
2§°(C: T rafﬁnose - - -
Growth at 2% NaCl + + + salicin . } ) )
5% NaCl + " " amygdalin - - -
7% NaCl - . ; inulin +/- N +-
Growth at pH 5 + + +/- ribose R R R
pH 6 + + i maltose + + +
pH7 ++ n + trehalose + +
pH & + 4+ + palatinose - - -
pH9 + + +/- sorbitol - - -
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
5] 7%= S0°C7HA] A ke SH-79] AS= 4571 Gli“n‘;”izemff”“ema“"" o
ARk s Aol e maivh ma pHSs 9ol4) SHTE gy X . .
o FFo) mlel Aol A AEE e BRE 5 gy NaCl - - -
Voges-Proskauer testd#} JH-1> 549 A¥2 wo, 7+ F Mandelic acid + + +
F7F 25349 HolE A3 9L & 4 gt 99 A Oleandomycin + - -
Algl AsbE Z3bsto] Bergey's manual of systematic bac- PAS + + +
Nalidixic acid -+ -+ -+

teriology 9} B8+ A3} genus?} Bacillusdo) A& T
APNE3 AstelA] 5A4o] sHab wlgzgk F5 B. anthracis,
B. mycoides, B. pasteurii, B. thuringiensis, B. cereus®] 5%&
o] AW =gl=dl B. anthracis= hemolysis £4Jo] $11, B.
mycoides<+= agar Wz Atoll 4] A1AFA] rhizoid 3 )] colony S
Vb, B. pasteuriii= NHy5 7}41 dzbe]Ad wi#|& AA
Al a7 gheh wepa o] Adel AMSE FF= B cereus
= B thuringiensisZ A 5ol At o]2]dt #F%AY
5% sl9 As3t 54 714l VITEK systemg: o]-4-
3ho] 28]2] 7ALS A A|(Table 2) sloirt. 37 25 sucrose,
glucose, maltose F-& o]&3lo] acidE AAIstI A9, ta-
gatose, inositol, galactose, arabinose & o|-8-8}%]+= £33}, 3
45 25 tetrazolium red 2 3 A|717] L7, 2459 &
A 3lol| 4 esculing 7}+-3l3ksi ). Inhibitor Ex| 4] 345
X% potassium thiocyanate, mandelic acid, polyamidohygro-
strepinel| A+ 27t glucoseE- fermentationd}g3 2] 9k, NaClel|
] glucoseE- fermentationdr 4= §1gich. JH-19] 7% ole-
andomycin Z25}ol|A] glucose fermentation-S 3+ 4= ¢J)%]
wk, SH-52} SH-7& glucose fermentationg & 4= ¢lgic}.

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] 74§~ trehaloseol| 4] acidE YA }x] s}l =|qt, TH-
13} SH-5% acid® AJAls}glct. VITEK systemol| 4= JH-
13} SH-72 %7ro] 96% B. cereus, 3% B. thuringiensis =
%)l v, SH-5% 42% B. cereus, 57% B. thuringiensis=-
=gl wdt Feld 45 AlEe xukal 24L&
el(Table 3)g+ 73} JH-1, SH-5, SH-7%5 13:0 iso, 15:0
anteiso, 16:02] fatty acidZ 7}A| 2 ¢Jgict. £3] 15:0 iso?)
fatty acidv ¥R 7MY #& Alxy 24E el
I17:0 iso®] fatty acide= 5 WA Z & 24L& Jehilgd
v}, 28] SH-59 79 JH-13} SH-7o Zzl3l= 13:0 an-
teiso, 17:1 anteiso A, 17:0 anteiso7} $].2, SH-7¢] #H-$
o E F JFell ¢l 12:0 iso, 15:0, 16:1 7c alcoholo]
ZaAshe 2lo]E Belrd MIDI systemoll4] JH-1-& 76% B.
cereus, 64% B. thuringiensis% W4 %93, 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 - 122
14:0 iso 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 4.98 5.77 6.27
15:0 - - 1.09
16:1 w7c alcohol - - 1.02
16:1 iso 1/14:0 30H 2.82 3.96 443
16:0 iso 57 6.27 8.42
15:0 iso 20H/16:1 ®7c 8.49 9.35 7.83
16:0 497 4.49 4.14
iso 17:1 ®l10c 2.87 2.73 1.99
iso 17:1 ®5¢ 5.45 6.98 417
17:1 anteiso A 0.98 - 1.26
17:0 iso 11.31 9.92 9.79
17:0 anteiso 1.57 - 2.46

cereus, 60% B. thuringiensis 2 ¥4 =gt} w3k SH-72 43%
B. cereus, 43% B. thuringiensis, 25% B. anthracisZ v =]
e} olgldl A8 E VxR e o5 3FFE Bacillus
cereus groupel] 3 A& HFE 5 33
EF7| 2HIsk= cHiE T2 40| #MHE

Bacillus cereus JH-1, SH-5, SH-7¢] %-H|3}= izl 71
R B4 pHoll 93 #Awss &3] s 7)1d4H
9| pHE 404 11747] WA A ZF 4405 ukgste] &
A& &A% Axpe Fig. 13 2o} o] F %3l Bacillus
cereus JH-17} SH-5%= pH 99} 104 % 75% o]Ake] &4%

100

80 1

60

40 7

Re lat ive activity (%)

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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Reslat ive activity (%)

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

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

Ao Eas}A|RF SH-72] 74 pH Y o] Felli= H A0
A3 7“%}3 oAb AR 4 9lddeh. SH-79] #HA
pHE 80|19, JH-13} SH-5¢] #A pHy 9olsict. whehs
JH-12} SH-57} Fujshe il Palise dHE|eR
g, o)5 3 #FFL 20-60°C AlololA HE 60%
oAb AL Hol AR g welx] FAle] gl wh)
A BaE4sg Belrh JH-1z} SHS5 izl Ra g9
A& EE 40°Cs 20 SH-79] 72 50°Co|AArh(Fig. 2).
afoFl el 717le] Aol 2Jste] Aaate] F7IehEA|
9] o R-Z 7] s wiokAHel 1%(w/v) casein £
o wfeksh AT 2¥A ¢S Alzste] pHS, 37 CCM

100 1

. .

60 T

Re lat ive activity (%)

20 1

0 . . : .
0 4 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.



140 Kim et al

100 7

80

60 1

40

Re lat ive activity %)

20

0 ; -
0 2 4 6 8 10 12 14 16 18 20 22 24
Time(h)
Fig. 4. Haemolytic activity of B. cercus 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 elucidate whether there are 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 proteases 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.





