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An alkalophilic microoganism producing a detergent-resistant alkaline protease was isolated from
soil and identified as Bacillus sp. The alkaline protease has been partially purified by ammonium sul-
fate fractionation, DEAE-Cellulose, CM-Cellulose and Sephdex G-100 column chromatography. The pu-
rified alkaline protease was highly active at pH 12-13 toward casein and stable at pH values from 6 to 11.
The optimum temperature for the enzyme reaction was 55°C. The enzyme was completely inactivated
by diisopropyl fluorophosphate (DFP) indicating that the enzyme was serine protease, but considerably

stable in the presence of surface active agents.
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Table 1. General characteristics of microorganism isolated

Parameters Characteristics

Positive (young cell),

Gram stainin
d Negative (old cell)

Shape Irregular rod
Size 0.4-0.6 um
Motility Mobile
Growth Strictly aerobic growth
Catalase Positive
Oxidase Positive
VP test Negative
Acid from Glucose Negative
Mannitol Negative
Inosital Negative
Sorbitol Negative
Rhamnose Negative
Sucrose Negative
Melibiose Negative
Amygdalin Negative
Arabinose Negative
Assimiliation of
Glucose Positive
Mannose Positive
Mannitol Positive
Maltose Positive
Gluconate Negative
Citrate Positive
Phenylacetate Negative
Caprate Negative
Adipate Negative

o} e}, AZZ 3 27] 20 A7 o el pH 7} 9.5 94
85 AE7R] FA%] ZAFpHA] AZAAL dirA s
FA8la, 2 F pH7 Az Alsdlol]l ule} AlzA Ao
AR 7ol sebspA] fa Az 24 Fobele e

2t Ho fa AR 72470 dlokgE o Akg-ol
m! % 4,200unit =k ¥4, Horikoshi(5)+
6,300 units/m{, Al(25) 52 191.5units/m/{, Nakani-
shi(8) 7F 28.9units/m{, Tsuru(6)+ 8,000 units/m? ¥
A718 Zte= 4|4 protease S A4kt ¥ 235t

Z2 & A8 DEAE-Cellulose column chromatogra-
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Table 2. Chemotexanomic analysis of the microorga-
nism isolated .
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Parameters
Diaminopimelic acid isomer meso type
Menaquinone MK-7, MK-8 {H,)
G +C molar content 38.18%

Cellular fatty acid Iso-15 (27.3%), Anteiso-

15 (14.6%) n-16 (14%)
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Fig. 1. Secondary structure of 5S r-RNA of the micr-
oorganism isolated.
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dzk2] A protease © &EE U NaCl0.25M 2 0.4
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sd2t2lA protease &t
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Fig. 2. Growth and alkaline protease production of
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Fig. 3. Chromatogram of the alkaline protease from DEAE-Cellulose on CM-Cellulose column: column size, 3 x 30 cm;

flow rate, 30 mi/hr; 0.01 M phosphate buffer, pH 7.5.
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Fig. 4. Gel filtration chromatogram of the alkaline pro-
tease from Sephadex G-100: column size, 2.8 x 100 cm;
flow rate, 30 mi/hr; 12.5 mM sodium borate buffer, pH
10.5 .

Z+e) A protease £ 60CE L=olAE §43 E243
sxjal 50Cel & Al7te] Ausls AFEL G717} 4
ek 24 ZAeg Hol 2ol AR AlAlE-
F42 AHE- 7Vssheet iR
Protease inhibitor S AlHEAAIS] g : i3

A= DFP (diisopropyl fluorophosphate)ol] £j&le <1
3] E3A3} sl Aoz Hol o] E4E A H-Ho
serine ZF7|5 7FX| 2 Q4= serine protease 4= % T
2leick (Table 5). &3 SDS(sodium dodecyl sulfate)

}3;){!

2,

(A) (B)

Fig. 5. Disk gel electrophoresis of the purified protease
from gel filtration

a) Electrophoresis using 7.5% acrylamide gel at acidic con-
dition (pH 4.3)

b) Active statining using the same gel including 0.1% (w/v)
casein: The gel was incubated in 12.5 mM sodium borate
buffer (pH 10.5) after elecrophoresis.

ol olslo] oF 809% 7F A&zt Tween 803 Triton
X-100 2 7o A g Al disiMe 2e HAdLS vE
it (Table 6),

H,0.2] & : 2aldt G471 AEkAiel H,O0l d3=
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Table 3. Summary sheet of purification of alkaline protease produced by the Bacillas sp. isolated .

R A .
. L_.l

iy § ———

oo
it b s

Procedure Vol. (md) Tot. A.ctivity Tot. Protein Spe. -Activity Recovery Purification
(units) (mg) (units/mg) fold
Culture filtrate 2230 1958565 4549.0 430.5 100.0 1.0
SO, pptn
(N}Ij*}z 4 P 50 359750 184.8 1946.7 18.4 45
& dialysis
DEAE-Cellulose 48 88245 34.7 2544.6 4.5 5.9
CM-Cellulose 109 87009 19.6 44347 4.4 1.3
Sephadex G-100 73 62123 13.6 4567.9 3.2 10.6
100 | 100
g _
Z £ 80f
2 B
3 £
= a0r g 60f
<
3 B
E 3 40+
= }
7 8 9 10 11 12 13 201
pH 0 Y

Fig. 6. Effect of pH on the purified protease activity,
The following buffer systems were used: 0.05 M Tris-HCI
buffer (pH 7.0-9.0), 0.0125 M sodium borate buffer
(pH 9.5-10.0), 0.0256 M Na, HPO,, NaOH buffer (pH 10.5-
11.0), 0.05 M KCl, NaOH buffer (pH 11.5-13.0) The other
conditions were the same as those of the standard assay
method.
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Fig. 7. pH stability of the purified alkaline protease,
The following buffer systems were used: 0.05 M Tris-HCl
buffer (pH 7.0-9.0), 0.0125 M sodium borate buffer (pH
9.5-10.0), 0.025 M Na, HPO,, NaOH buffer (pH 10.5-11.0),
0.056 M KCl, NaOH buffer (pH 11.5-13.0). The reaction
mixtures were incubated at 4°C for the 30 hours and
the remaining activities were measured at pH 10.5.

10 20 30 40 50 60
Temperature (°C)

Fig. 8. Effect of temperature on the purified alkaline
protease activity

The reaction was carried out at the temperature indicat-
ed at pH 10.5 for 10 min.

2.0 Qe o 50°C

35°(

A
Log(— > 100
g(A, )
s

| i
20 40 60

Heating time (min)

Fig. 9. Thermal inactivation of the alkaline protease
produced from isolated Bacillus sp. in sodium borate
buffer (pH 10.5) in the presence of 5 mM Ca+ +,

Ay: Imtial enzyme activity, A: Enzyme activity after heat,
treatment.
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Table 4. D-value and Z-value for the inactivation of the
purified alkaline protease in the presence of Ca++
(5 mM),

Heating D-value Z-value
temperature (°C) (sec) {(°C)
50 17650
55 5420 7.5
60 810
65 255

Table 5. Effect of DFP on the activity of purified alka-
line protease .

Chemical None DFP* {10-3 M)
Remain; Gvit
emziz,zning activity £EO 0
(units/mi)
Survival ratio (%) 100 0

The mixture of 1.0 m{ of enzyme, 2.0 m{ of Tris-HCI buffer,
pH 7.0, 20 mM and 1.0 mi of the chemical reagent indicated
was Incubated at 25°C for the 30 min and the remaining
activity was determined.

*DFP: Diisopropyl Fluoro Phosphate

Table 6. Effect of various detergents on activity of the
purified alkaline protease.

Detergent Relative activity (%)
SDS (10-3 M) 22.2

Tween 80 (1%) 148.5

Triton X-100 (10-3 M) 111.6
Control 100

The enzyme was incubated with the reagent in 0.02 M Tris-
HCI buffer (pH 7.5) at 25°C for the 1 hr and the residual
activity was mesured.

4hi=z) ololw 7] 9|sled Eag-Hel H,0,F 1.0Me] =
A A g oS dAA el 2AEAILE A A
vl -8 Alcalase (Novoiit) & 1% (w/v) Na,S0, %
oofl 10% (w/v)e TEE 59l & 32 v eg H,0,
o] odakes zAbslgo) (Fig. 10). Alcalase += H,0.4 ¢
g2 Bh2x] 17 Flof] of 609%'e] F4do] "LO}?}“‘:"H] o
ﬂﬁﬁﬁﬁﬁfqiﬁmV ﬂ““°L%44
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Fig. 10. Effect of H,O; on activity of the purified al-
kaline protease and Alcalase according to incubation
time .

o @ Bacilius sp. alkaline protease

® : Alcalase

The alkaline protease of Bacillus sp. and Alkalase were
incubated in the presence of frash H,O, (from a fresh bot-
tle) and 0.1 M sodium borate (pH 9.5). After incubation at
25°C for the periods indicated, the remaining activity was
measured by the standard assay method.

i‘%f‘%ﬂ@ protease = %L/‘,}mw‘a‘- 231 DEAE-Cel-
CM-Cellulose, Sephadex G-100 column
chromatography & 52, AAstgdct, AAH gotate]
A protease & caseinell tH5lod pH12.0~13.04 7}
A g XS ¥odn pHAQNA 11.0 AfelelA] obA
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Eelsl Eae) 2k HA 25 55T

lulose,

o| A4 diisopropy! fluorophosphate (DFP)
2 S E E3AsEl = o & Hol serine protease &
270} ABAA ) Ealatel HE g atet,
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