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Characterization of Protease Produced by Bacillus amyloliquefaciens HTP-8 Isolated from Korean Fer-
mented Anchovy Sauce. Lim, Hyung-Taek, Sun-Kyung Chung!, Gi-Nahm Kim, Jung-Uk Ha, and Hyun-
Dong Paik*, Division of Life Sciences, Kyungnam University, Masan 631-701, Korea, 'Department of Food Pro-
cessing and Baking, Yangsan College, Yangsan 626-800, Korea — For commercial production of Korean fermented
anchovy sauce through rapid fermentation, a bacterial strain which showed the high protease activity was isolated
from a commercially fermented anchovy sauce. The isolate was Bacillus amyloliquefaciens, and named as B. amy-
loliquefaciens HTP-8. The incubation temperature, initial pH, and cultivation time for optimal production of protease
by B. amyloliguefaciens HTP-8 were 30°C, 7.0, and 3 days, respectively. In jar fermenter, B. amyloliquefaciens
HTP-8 showed higher protease activity when grown at pH 7.0. The protease was partially purified by 80% ammonium
sulfate precipitation and CM-Sephadex C-50 ion exchange chromatography. The partially purified enzyme had spe-
cific activity of 103.3 units/mg, yield of 0.4%, and purification fold of 43.0. The optimal pH and temperature for the
protease activity were 10.0 and 50°C, respectively. The protease was relatively stable at the pH range of 7.0~12.0
and at the temperatures below 40°C. The activity of the enzyme was inhibited by Ag*, Ba** and selectively inhibited
by PMSF, suggesting that it is a serine protease.
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SOCHB kit(bioMerieux Co., France)E ©|&3le] 497)¢]
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Baczllus amyloliquefaciens=. 7to] 43 (Table 1).
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Table 1. Microbiological identification of B. amyloliquefaciens HTP-8, a protease producer isolated from Korean fermented anchovy

sauce
Characteristics Results Characteristics Results
Shape rod N Acetyl glucosamine -
Gram stain +D Amygdaline +
Growth in air + Arbutine +
Spore formation + Esculine +
Catalase + Salicine +
Oxidase - Cellobiose +
Utilization of carbon source? Maltose +
Glycerol + Lactose +
Erythritol - Melibiose -
D-Arabinose - Saccharose +
L-Arabinose + Trehalose +
Ribose + Inuline -
D-Xylose + Melezitose -
L-Xylose - D-Raffinose +
Adonitol - Amidon +
B Methyl-xyloside - Glycogene +
Galactose - Xylitol -
D-Glucose + B Gentiobiose +
D-Fructose + D-Turanose -
D-Mannose + D-Lyxose -
L-Sorbose - D-Tagatose -
Rhamnose D-Fucose -
Dulcitol - L-Fucose -
Inositol - D-Arabitol -
Mannitol + L-Arabitol -
Sorbitol + Gluconate -
o Methyl-D-mannoside - 2 Keto-gluconate -
o Methyl-D-glucoside + 5 Keto-gluconate -

D+: positive, —: negative.
2API CHB kit was used.
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Fig. 1. Effect of initial pH (A), temperature (B), and incuba-
tion time (C) on protease production by B. amyloliquefaciens
HTP-8.

(A) Enzymatic activities at different pH were measured at 30°C
for 3 days, (B) Enzymatic activities at different temperatures were
measured at pH 7.0 for 3 days, (C) Enzymatic activities at differ-
ent time intervals were measured at pH 7.0 and 30°C.
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Fig. 2. Effect of pH on growth and protease production by B.
amyloliquefaciens HTP-8 in jar fermenter.

Cells were grown in a 5 | jar fermenter containing 3 1 of enzyme
production medium (TSB medium plus 0.4% yeast extract and 5%
NaCl), agitated at 500 rpm, aerated at 1 vvm, and controlled at 30
°C. The pH of fermenter was not controlled (a) and controlled at
pH 7.0 (b) during fermentation. @, pH; O, protease activity; A
cell growth
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#A pHe pH ¢HAe] EF pH 6.0~11.09 B¥H=Z
ehd A2 FAkstd o™ [11,12], Bacillus sp. KUN-173}
Bacillus pumilus JB 05, 18]3L Pseudomonas sp. BK7
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Fig. 3. CM-Sephadex C-50 column chromatography of pro-
tease from B. amyloliquefaciens HTP-8.

The enzyme (2 ml) was loaded to the column (2.5 x 30 cm). Flow
rate, 70 ml/h; fraction volume, 5 ml/tube; elution buffer, 10 mM
phosphate buffer pH 7.0.

@, absorbance at 280 nm; O, protease activity; —, concentration
of NaCl.
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Fig. 4. Effect of pH on activity and stability of protease from
B. ampyloliquefaciens HTP-8.

The reaction was carried out at 50°C for 30 min at various pHs.
For pH stability, the enzyme was incubated at 30°C for 1 h at var-
ious pHs and the residual activities were measured at standard
assay condition. @, optimal pH; O, pH stability.
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Fig. 5. Effect of temperature on activity and stability of pro-
tease from B. amyloliquefaciens HTP-8.
The reaction was carried out at pH 10.0 for 30 min at various tem-
peratures. For thermal stability, the enzyme was incubated at pH
10.0 for | h at various temperatures and the residual activities were
measured at standard assay condition. @, optimal temperature; O,
thermal stability.

Table 2. Effect of metal ions on protease activity from B. amy-
loliquefaciens HTP-8

Metal ion concentration Relative activity

(2 mM) (%)
Control 100
Ag* 24
Ba®* 44
Ca?t 97
Cu? 88
Fe?* 89
K 94
Mg?* 94
Mn?* 93
Pb** 87
Zn* 109

The reaction mixture, consisted of 0.5 m] enzyme solution and 0.5
m] metal ion solution (2 mM), was incubated at 30°C for 60 min and
the residual activities were assayed.

Ba’" 7} FA8HA 0] 24%, 44%2 A3 FAEU.
e}, Zn?e] HrlMe A 109%2 2k S
slgem, Pb?, Cu¥, Fe? 52| Fo|29 H$ oha 7
k= AE Bort. o] A= Syncephalastrum racemosum
PDA 132-2¢14 Ag® H7MA] 31%2 1 &Ao| 7rAaEgl e
w, Streptomyces sp. YSA-1308] alkaline protease®] 7
< Ag'eh Hgll &8 22 0%} 5% AEFAEE 7}
k= A3t} §AFIEEH13,19]. ¥FH, alkaline protease
7} Ca’'ell SJsiA o] FTH] =i HIgohs Hileh=
wi o] AAE e Ade5,17].

Xalimel Ak
B4 93E nxE #HEA AHA F, serine
protease A1 34 91 PMSF(phenylmethylsulfonyl fluoride),
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Table 3. Effect of several inhibitors and chemicals on protease
activity from B. amyloliquefaciens HTP-8

Reagents (2 mM) Relative activity (%)
Control 100
EDTA 75
2,4-DNP 100
PCMB 84
PMSF 66

The reaction mixture, consisted of 0.5 ml enzyme solution and 0.5
ml inhibition solution (2 mM), was incubated at 30°C for 30 min
and the residual activities were assayed.

PMSEF: phenylmethylsulfonyl fluoride, PCMB: p-chloromercuribenzoic
acid, EDTA: ethylenediaminetetraacetic acid, 2,4-DNP: 2.4-dinitro-
phenol.

thiol protease *]3jA|3! PCMB(p-chloromercuribenzoic acid),
metal protease #8142l EDTA(ethylenediaminetetraacetic
acid), Wt ohu|xAl A7|7F BRI B AsiAd
2,4-DNP(2 4-dinitrophenoly&- AA3le] 2 Fho] 3o
nlAE gk FARE A}, PMSFel oJsle] AegH oz
A= At (Table 3). AF7HA] d79 79 2E I
protease= PMSF % DFP(diisopropyl fluorophosphate)ol]
o] AdHer EFAEEE o] RAL FAHFH
serine A7|1E 7L Qlepal A lwH2] 2B, £
57} BHI3l= protease™ BRS¢l serine A5 ZkiL
= U9 serine protease® ALBFH T} o|E3t A=
Bacillus sp. KUN-173} Aspergillus niger’} "3AY8: serine
protease$t Bacillus pumilus JB 058} Streptomyces sp.
YSA-1307F AAKSE alkaline protease®] Z3H2 =34 o]
3t oJeFt ARIHH3,4,5,19].

2 o

AGAEloY &4 RS 539X 7] Wi A
ARZ $fsled AlF AZEAA whilal B A AJAbe] -
a3 55 ¥ $AHI, B. amyloliquefaciens HTP-8
2 gyl EAAARS H8 wiek HHex, 7] pH,
a2]3 wekrlZke A7t 30°C, pH 7.03 3delgleh. Jar
fermenter WA pHE 7.022 A3t 73} A
U2 7ol vls] B ] FHulol] 0|2 Alzke] @
etk E40] BREAAE= FEAMS 80% ammonium
sulfateo] 218 943} CM-Sephadex C-50 o}-83}] A
gt A, 8o 0.4%, BAMLTE 43.00H9 0k AR B4
o} #HA pHY XX pH 1003 50°Cy.em, pH
7.0~12.09] pH Hle}h 40°C e)slollM A3 Tl
< F Ag', Ba’™ oJsle] A o] A E A,
2 84 PMSFe| 2fste] Adex oz Fio] Ao
2 BAH-9le] serined 74 serine proteaseel] 3= 7

22 A%,
ZAtel 2

o] FES T AR FAlokl Jse] AU
ox, oo FA=HU.
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