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Abstract

In order to develope a new protease applicable to industries, a bacterium which produces a remarkable amount
of extracellular protease were isolated from soil. About 10 bacterial strains producing protease were isolated from
samples of soil, and strain PANH765 showed the highest activity of protease production among them. The strain
was identified as Bacillus subtilis according to the Bergey’s Manual of Systematic Bacteriology based on its morph—
ological, cultural and physiological characteristics. B. subtilis PANH765 showed the maximal production of pro-
tease in the medium containing 2.0% glucose, 1.0% yeast extract, 0.2% ammonium nitrate, 0.02% ferrous sulfate
and 0.02% dipotassium hydrogen phosphate. Under the optimal condition with temperature of 30°C, initial pH of
7.0 and shaking speed of 150 rpm, the protease production reached a maximum level with 36 hr cultivation (6.34 U).
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Table 1. Protease activity of isolated microorganisms from
soil

Protease activity Protease activity

Strain Strain

(U/mL) (U/mL)
PANHI35 202 PANH601 194
PANH248 1.81 PANH765 2.31
PANH331 152 PANHS37 1.9
PANH419 191 PANH901 2.08
PANH597 1.95 PANHS82 21
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Table 2. Morphological and physiological characteristics of

_isolated strain PANH765

[

Morphological characteristics
Form

Size

Gram stain

Motility

Spore formation

Cultural characteristics
Nutrient agar

Physiologocal characteristics
Catalase

Methyl red test

V-P test

V-P test (below pH 7.0)
Indole production

Starch hydrolysis

Gelatin liquefaction
Ctilization of citrate
Hydrogen sulfide production
Gas from glucose

Urease test

OF test

Oxidase test

Pigment production
Optimum growth temperature
pH

Acid production

Growth in 5% NaCl

Rods
0.3~0.7xX15~2.0 pm
Positive

Negative

Positive

Moderate growth, circular
entire, smooth

Positive
Negative
Negative
Negative
Negative
Positive
Positive
Positive
Positive
Negative
Negative
Fermentation
Positive
Negative
25~30°C
40~90
Glucose, arabinose, mannitol
Positive

Table 3. Carbon utilization of isolated strain PANH-765

Carbon source

Utilization

Cellobiose
Dextrin
Trehalose
Arabinose
Raffinose
Xylitol
Arbutin
Ervthritol
Dulcitol
Ribose
Maltose
Galactose
Adonitol
Rhamnose
Fructose
Mannitol
Inositol
Glucose
Xylose
Sucrose
Sorbitol
Lactose
Melibiose
Methanot
Ethanol
Glucosamine
Glycine
Salicin
Succinate
Gluconic acid
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+1 positive, — negative, w.: weak.
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Table 4. Effects of various carbon sources on the cell growth
and protease activity of B. subtilis PANH-765

Carbon source Cell growth Protease activity

(2.0%) (600 nm) (U/mL)
Fructose 2.8 3.73
Sucrose 2.4 2.98
Rhamnose 3.2 392
Ribose 0.8 0.38
Raffinose 43 3.27
Galactose 29 252
Lactose 1.4 2.05
Mannitol 1.7 2.24
Glucose 39 4.20
Inositol 1.8 2.05
Arabinose 0.7 0.08
Maltose 34 2.98
Xylose 1.2 0.93
Inuline 04 0.56
Soluble starch 0.3 0.37
None 1.6 2.14
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Table 5. Effects of various nitrogen sources on the cell
growth and protease activity of B. subtilis PANH-765

Nitrogen source Cell growth Protease activity
(0.5%) (600 nm) (U/mL)
Tryptone 26 3.06
Soytone 3.0 4.04
Peptone 35 3.64
Yeast extract 3.2 4.70
Malt extract 29 2.73
Casamino acid 14 2.19
Polypeptone 1.2 1.64
Beef extract 3.2 4.26
None 1.6 2.14
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Table 6. Effects of various inorganic compounds on the cell
growth and protease activity of B. subtilis PANH-765

. Concentrations Cell growth Pro_tegse
Inorganic compound (%) 600 ) activity
° (U/mL)
0.10 1.7 223
Ammonium nitrate 0.20 19 2.60
0.30 15 2.05
Dipotassium hydrogen 001 14 186
hosphat 0.02 1.9 2.51
phosphate 003 18 2.05
0.10 12 158
Sodium chloride 0.20 1.0 1.30
0.30 0.8 093
0.10 15 1.49
Ammonium sulfate 0.20 18 1.836
0.30 16 1.68
0.01 1.7 223
Magnesium sulfate 0.02 19 2.60
0.03 15 242
0.01 1.0 1.21
Ferrous sulfate 0.02 1.1 1.40
0.03 14 1.68
None 16 2.14
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Fig. 1. Effects of temperature on the cell growth and protease
activity of B. subtilis PANH765.

After bacteria were cultured in an optimum medium at various
temperature for 24 hr on the shaker, cell growth and protease ac—
tivity were assayed as described in Materials and Methods. The
optimum medium is composed of 2.0% glucose, 1.0% yeast ex—
tract, 0.2% ammonium nitrate, 0.02% ferrous sulfate and 0.02%
dipotassium hydrogen phosphate (pH 7.0). O-O, cell growth; @@,
activity.
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Fig. 2. Effects of initial pH on the cell growth and protease ac—
tivity of B. subtilis PANH765.

After bacteria were cultured in an optimum medium with various
initial pH at 30°C for 24 hr on the shaker, cell growth and protease
activity were assayed as described in Materials and Methods The
optimum medium is composed of the same as Fig. 1. ©>-, cell
growth; @-@, activity.
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Fig. 3. Effects of shaking speed on the cell growth and protease
activity of B. subtilis PANH765.

After bacteria were cultured in an optimum medium at 30°C for
24 hr on the shaker at various shaking speed, cell growth and
protease activity were assayed as described in Materials and
Methods. The optimum medium is composed of the same as Fig.
1. =7y cell growth, @-@, activity.
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Fig. 4. Changes in cell growth and protease activity of B. sub-
tilis PANH765 upon culturing period.

Optimum culture conditions about temperature, initial pH and
shaking speed were 30°C, 7.0 and 150 rpm. The optimum medium
is composed of 2.0% glucose, 1.0% yeast extract, 0.2% ammonium
nitrate, 0.02% ferrous sulfate and 0.02% dipotassium hydrogen
phosphate. -0, cell growth; @-@®, activity.
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