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Isolation of a Potent Protease Producing Bacillus subtilis from Kimchi
Chan-Yeong Choi and Myoung-Dong Kim*
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Microbial strains exhibiting proteolytic activity were isolated from kimchi, one of traditional fermented
foods in Korea. Eight strains formed clear zones around their colonies when grown on TSA plates supple-
mented with skim milk. MBE/L865 exhibited 2.6-fold higher protease activity than that of control strain
(Bacillus subtilis KCTC13112). MBE/L865 was identified as B. subtilis and deposited in the Korean Collec-
tion for Type Cultures under the accession number of KCCM43059. The optimum growth conditions for B.
subtilis KCCM43059 were determined to be 37C and pH 8. The strain showed maximum protease activity
(429.37 + 18.65 U/mg protein) at 60T and pH 6. Further, B. subtilis KCCM43059 had a higher salt (NaCl) tol-
erance than that of the control strain.
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B. subtilis #+F+= GRAS (Generally Recognized As
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phenol reagent (Sigma-Aldrich, USA)@} &§sl¢o] 37°C 9
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hydroxide buffer (pH 9.0-10.0)Z 83 pHE Z2H3s}eo] a4
242 2RALT[0, P SEL 2ALAE A 5
T2 31X3}9 bradford dye reagent (Bio-Rad, USA)%}
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Fig. 1. Determination protease activity for the isolated
strains. Extracellular culture supernatant harvested from 24-h
shake flask cultivation was used for activity assay performed at
37°C and pH 7.5. Different letters indicate significant difference
between means. B. subtilis KCTC13112 was used as control.

FAAE

HE 232 33| HhE3lg on 4 A2 SPSS Statistics
(v. 22, IBM, USA)E A}-43}4 Duncan®] th=¥ A A H
o2 §o4& AAsHHTH35].

th(Fig. 1). MBE/L1177
mg protein® 2 7}A W
L865 759 aATAL 146.20 £ 3.09 U/mg protein® 2
212 AFE-3E B. subtilis KCTC13112 439 8484
(56.34 + 7.18 U/mg protein)®] oF 2.6H9] o= =2 &
2844& el ol 2F +5=2 AAsHth. MBE/L865 o
ZL X899 B. stearothermophilus @3l v|3] ¢35t

Table 1. Characteristics of carbohydrate utilization by B. subtilis KCTC13112 and KCCM43059.

Characteristics KCTC13112  KCCM43059 Characteristics KCTC13112 KCCM43059
Control - - Esculine + +
Glycerol + - Salicine - -
Erythritol - - Cellobiose + -
p-Arabinose - - Maltose + +
L-Arabinose + - Lactose - -
Ribose + + Melibiose - -
D-Xylose + - Saccharose - +
L-Xylose - - Trehalose + +
Adonitol - - Inuline - -
B-Methyl-xyloside - - Melezitose - -
p-Galactose - - p-Raffinose + -
p-Glucose + + Amidon - -
p-Fructose + + Glycogen + -
p-Mannose + - Xylitol - -
L-Sorbose - - B-Gentiobiose - -
Rhamnose - - p-Turanose + -
Dulcitol - - D-Lyxose - -
Inositol + - p-Tagatose - -
Mannitol + - p-Fucose - -
Sorbitol + - L-Fucose - -
o-Methyl- o-mannoside - - p-Arabitol - -
o-Methyl- p-glucoside + - L-Arabitol - -
N-Acetyl-glucosamine - - Gluconate - -
Amygdaline + - 2-Keto-gluconate - -

Arbutine - -

5-Keto-gluconate - -

+, positive; -, negative.
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Table 2. Evaluation of enzyme activity of B. subtilis KCTC13112 and KCCM43059.

Characteristics KCTC13112 KCCM43059

Characteristics KCTC13112 KCCM43059

Control - -
Alkaline phosphatase -
Esterase (C 4)

Esterase Lipase (C 8)
Lipase (C 14) - -
Leucine arylamidase + +

+ + +

+
+

Valine arylamidase - -
Crystine arylamidase - +
Trypsin
o-chymotrypsin + +

a-glucosidase
B-glucosidase

Acid phosphatase + +
Naphtol-AS-Bl-phosphohydrolase + +
a-galactosidase - -
[B-galactosidase - -
B-glucuronidase - -

B-glucosaminidase - -
o-mannosidase - -
a-fucosidase - -

+, positive; -, negative.

el 23 A4S e )ITH36]. MBE/L865 w59
16S rRNA -4} G471 <ES 243 A3} B. subtilis KFP-
17 (GenBank Accession No. KT380826.1) #5¢ 71 &=
< 4ER09%)E UEHo] =mBEEREAE B
subtilis KCCM430592 7| &5} R tt.

=7 9 B. subtilis KCCM43059 @52] &4 A
W @Eh wgE BaAY S4S 2T g2 Y
KCCM43059 #3F 25 ribose, glucose, fructose, esculine,
maltose, saccharose, trehalose 52| 842 YL HASt= A
© 2 JeytthTable 1). 28y 23 FF = glycerol,
arabinose, xylose, mannose, inositol, mannitol, sorbitol
58 B2UoR o §3 & gk AOR ek} AXA 2
28 KCCM43059 wtofl ®la gefjd e o g2 $79
Sagg Al Aoz BuEdt. A28y 2ad
Bacillus sp. JK-43 o 5[37]+= glucose, fructose, esculine,
maltose 5 TAaUZS At 2 AFolA ZFE
KCCM43059 w59 fAMe &ae AEAS Yeti oot

23 @D KCCM43059 #57F B 83 a A8 S XA
8l A3} esterase, lipase, acid phosphatase, o-glucosidase
TY 228 S BR5 Qe A2 2 UK th(Table 2).
KCCM43059 3+ alkaline phosphatase, crystine
arylamidase 59 A48AS B§3l= Ao = UeYgle
o, )2 #F = trypsin, B-glucosidase 58 A4S
Uehfol £ #2771 A2 O S4S ey mekA
A3 A 2e)E KCCM43059 #3= 16S rRNA G329
A7IH L2 B. subtilis 59 2 A54<S HEUAL
oY AEART F57F R aaAs Aol Aer
woE i
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Fig. 2. Influences of temperature (A, pH 7.5) and pH (B, 60 C)
on protease activity of B. subtilis KCTC13112 (H) and
KCCM43059 (0O). Different letters indicate a significant differ-
ence between means, ND: not detected.
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T} 23 U KCCM43059 #F= 25T oA 247
8.38, 58.61 +9.80 U/mg protein &2 7}A L2 hulz]

3 EaBAS UEH th(Fig. 24). W27t S71Ee=
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60°CoNA 7H} =& 8484 (367.64 £ 33.07 U/mg protein)
< YEtY At BES2 & 60T oA pH| w2 G484 9
H3lE 243 A1} KCCM43059 #39 84842 pH 6
o A 429.37 + 18.65 U/mg proteinZ |2+ #+5(313.74 =
11.41 U/mg protein)2th =& a4AA-S e Sl th(Fig.
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o A 63.59 +3.12 U/mg protein® 2 o 2121 KCTC13112
——nL—zr(72 51+ 7.56 U/mg protein) 2t} FojZoz 3o g4
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w3 ¥2% 60T, pH 6 244 71} =2 @il &
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Fig. 3. Effects of temperature (A, pH 7.3) and pH (B, 37 C) on
specific growth rate of B. subtilis KCTC13112 (M) and
KCCM43059 (0O). Cells were grown in TSB at an indicated tem-
perature and pH. Different letters indicate a significant difference
between means, ND: not detected.

Bacillus sp. JE 375 437} BASH= thilE Baj 549
$ 2 g2 AL2 65T, pH 6.52([38], & A7 o
/T‘—-l —rOH aaot %/\Hf_ E4& YEtW Aot Bacillus sp.©]
Ea59 grd WY BHE 927

7} 60T, 4 a4+ 30-37CNA & AL veld
1:]-51 HIE0o[38], & AT A &2t KCCM43059 o5
7h At A Bajad HL 60ToA HFH 248 Y

+52 ASEA

iz pH 7.3904 =S EEste] iz
KCCM43059 #32] A& 5 S =435 A3t KCCM43059
T3] HjARFEEE 2,00 £0.02(1/h) 2 239 KCTC13112

#5174 £0.04/h) Bt} 52 HAAZE =S YRS
(Fig. 3A). ¥ = 40°CHE KCCM43059 @32 v A%
&=7F Fastg o 55TolA Y BIAZEEE 1.42£0.10
(I/h)E 2T KCTC13112 #3(1.63 £ 0.03 (1/h) 2t
F2 HAFEEE YRSt

= 37CoA SFEHLZ ujA] 9] pHE 245t
w30 BAFEEE S43 23 pH 3, 4 % 52AA F
#+F 2% RS 28 thFig. 3B). KCCM43059 #3

+ pH 894 1.76 £ 0.06(1/h)2 o2 o] vlsto] &2
H A4S et 238 02 KCCM43059 d3%
HjF2E= 37C, pH 8ollA 7Hd =2 vlARE=S YT

NaCl Fxof w2 =79 KCCM43059 @32 #A4
-2 H|wale] WAL HrkstAHFig. 4). KCCM43059
F+= 1%2] NaClo] g5 TSA HTujR| o A 713 43
A& Ul ed, 2% NaCle] 3% TSA B Tuj#|
M Aol FAH Ut 12U 2T 5= NaClY
A7toll ofste] Aol @A HFastHen, 3% NaClo]
e H Ao A= T a5 BF Ao o Aoz b
ehgth 233 0 2 KCCM43059 F37F 27 230 |
ko] AF oz JgdAo] &43 Ao R wstgrt.

w4 &9 B. licheniformis NH20 w3+ NaCl &
& 0-5%A Aso] 7hestHen, 23 s== 2-3%°]3

NaCl (%)

0%

KCTC13112

KCCM43059

1% 2%

Fig. 4. Tolerance of B. subtilis KCTC13112 (M) and KCCM43059 (0) to NaCl. Cultures were grown to exponential phase in TSB and
diluted to an ODgg of 0.1 with the same medium and spotted on TSA plate supplemented with NaCl. Cells were incubated at 37 C

and photographed after 24 h.
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A4 NaCl 55%7h 1-2%¢9) & ejshal faket e
AE AT AR, A2 5 1A= HHA A £
il“’ 10%—4 NaCl EEo A= AAste EAS et
L Ha|go] EXo] #F39] YdAo| o
}1 ) ; A= Qlch,
l 1L A s B. subtilis #5] A &
4 BARAEARS s H2oE 2
2 B AT EAo] B3 A
gl Ul[l 41, 42], 2719312 &
F2A o] 71 g,

S~
_ﬁo O_l..

AToA 3 FadEF oz Ry dld 2 aagsy
S HAS FFEE 6}%‘;4 Skim milkE A7} TSA ¥
Huj Ao A et P 8 Y #F F HA A £
= MBE/L865 7437} tj21¢1 KCTC13112 w30 H|5}o
oF 2.6H9 aAZAL Vel o™ Bacillus subtilis® %
Aate] st2u| Y EHZAE o KCCM43059 #32 7| g3t
ot B. subtilis KCCM43059 39 23 vjfz4L 37C,
pH 822 tfz3¢l KCTC13112 #4539 nAAE Rl &
4389t ¥ 2 A 60°C, pH 694 429.37 + 18.65 U/mg
protein®] A A4S Uetfiglon FUx0A A
23 #FEY gagAo] &4tk S B. subtilis
KCCM43059 #F+= t)2F #3ol v]3te] NaCloj A3
02 22 YA YESIH
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