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Abstract— Serratia sp. Y-4 was isolated from soil. Many characteristics of the strain and optimum
cultivation condition for protease production were investigated. The protease from Serratia sp.
Y-4 was purified and studied for the properties of the enzyme. The isolated strain was identified
to the genus Serratia. The straip was cultivated in 1%-casein, 0.5%-Na;PO,-7H.0, 0.1%-NaCl, 0.05%-
KCl, 0.02%-MgSO,-7H,0, 0.02%-CaCl,- 2H,0, 0.02%-ZnS0,- 7H-0, 0.02%-MnClL-4H,0 and 0.5%-soy
bean oil at pH 7.0 for 35 hrs. The enzyme was purified about 5.89 fold from the culture broth
with 31.1% recovery and 19,613 u/mg through ultrafiltration, ammonium sulfate, DEAE-sephacel
and Superose-12 chromatography. The purified enzyme was identified as one band by isoelectric
focusing, SDS- and native-PAGE. It has maxium activity at 37C and pH 9.0. Molecular weight
of it is approx. 50 kD and pl is about 6.70. Its Km value for casein was 20 mg/m/. 5 mM-EDTA,

5mM-SDS, Ag'!, Cu™? Hg' and Pb**

inhibited the enzyme.

Keywords [] Serratia sp. Y-4, Proteolytic enzyme, cultivation, purification.
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Table I—Microbiological properties of the isolated st-

rain
Morphology
Form rods
Size(um) 05—0.7X12-18
Mobility +
Spore -
Gram staining -
Biochemical properties

Hydrolysis of

Casein +

Gelatin +
Utilization of

Citrate +
Reduction of nitrate +
Methyl Red(MR) test -
Voges-Proskauer(VP) test +
Indole Production

on peptone water +

on tryptone water -
Urease test +
Oxidase test -
Catalase +
pH for growth 7-9
Temperature for growth 4-37C

Utilization of sugars:
Fructose + Galatose + Glucose + Glycerol +
Raffinose + Rhamnose — Xylose + Lactose —
Maltose + Sucrose + Carboxymethyl cellulose —
Soluble starch — Myoinositol — Sorbitol +
+: Positive —: Negative

Table II—Optimum composition of medium for the
protease production by Serratia sp. Y-4

Casein 1.0%
Na;PO,- 12H,0 0.5%
NaCl 0.1%
KCl : 0.05%
MgS0O,-7H,0 0.02%
CaCl 2H:0 0.02%
ZnS0,-7H;0O 0.02%
MnCl,-4H,0 0.02%
Soybean oil 0.5%
pH 7.0
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Fig. 1—-Time course of the protease production by Se-
rratia sp. Y-4. The fermentation was carried
at 30T, 200 rpm with jar fermenter (MA 114,
NBS Co.). protease activity (@—@), cell gro-
wth (O—=0), residual protein (A—a4), pH
(a—a), D.O. @—0D.
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Fig. 2—DEAE-Sephacel column chromatography of the
protease produced by Serratia sp. Y-4. The
protein solution obtained between 30~65%
ammonium sulfate saturation was put on the
column (2.6X15cm) equilibrated with 20 mM
Tris-HCI (pH 7.2) after dialgsis. After unbound
protein was washed out with the same buffer,
the bound protein was eluted with a gradient
of NaCl (—) at a flow rate of 42 m/ per hr.
5.6 m/ Aliquots were collected at each fraction.
The active fractions were pooled and provided
for the next step.
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Table III—Purification of the protease produced by Serratia sp. Y-4

I Total activity Total protein Specific activity . Yield
Purificat t : P f
urification step (unit X 10~ () (unit/me) urification fold %)
Culture broth 7,814 2,350 3,325 1.00 100.0
UF 5,235 1,471 3,558 1.07 67.0
AS(30—65%) 3,204 486 7,215 217 41.0
DEAE-Sephacel 2,751 177 15,542 4.67 35.2
Superose-12 2,432 124 19,613 5.89 311
e . Native-PAGE SDS-PAGE
P ¢ A B M.W. A B MW.
® MK
T | il MK
1o+ | S 67K 67K
—= i — 0 X
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Fraction number 144K

Fig. 3—Superose 12 column chromatography of the
protease produced by Serratia sp. Y-4. The ac-
tive fractions from DEAE-Sephace! column
were concentrated by ultrafiltration and the
concentrated protein was put on a column (1X
30 ¢cm) equilibrated with 56 mM Tris-HCl con-
taining 0.15 M-NaCl and eluted with the same
buffer at a flow rate of 18 m//hr. 1 m/ Aliquots
were collected at each fraction.
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Fig. 4—Native and SDS-polyacrylamide gel electro-
phoresis of the purified protease preduced by
Servatia sp. Y-4. (Native-PAGE) The purified
enzyme preparation was electrophoresed on
the phast gel gradient 8~25 by the manual
from pharmacia-LKB. Proteins were stained by

(SDS-

PAGE) The purified enzyme preparation redu-

the silver staining procedure of it.

ced by B-mercaptoethanol was electrophoresed
on the phast gel gradient 8~25 by the manual
from pharmacia-LKB. Proteins were stained by
the silver staining procedure of it. Lane A, the
purified protease: Lane B, standard proteins
including phosphorylase b (94 kD), bovine se-
rum albumin (67 kD), ovalbumin (43 kD), car-
bonic anhydrase (30 kD), trypsin inhibitor (20.1
kD) and a-lactalbumin (14.4 kD).
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Fig. 5—Effect of pH on the activity (A) and stability
(B) of the protease. A: The reactions were car-
ried out for 5 minutes at 37C in buffers of
various pH value. B: The enzyme preparations
were incubated at 4C and 37C for 24 hrs
in buffers of various pH value. The enzyme
assays were carried out under the standard

condition.
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Fig. 6—Optimum temperature (A) and heat stability
(B) of the protease. A: The reactions were car-
ried out at various temperatures for 5 minutes.
B: The enzyme solutions were incubated at
various temperatures (40, 50, 55T ) and chilled
every 10 mins and assayed under the standard
condition.
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Table 1V —Effect of various metal ions on activity of

the protease

Reagent Residual activity (%)
None 100.0
AgNO; 1.2
Ba(CH;COO0), 112.2
CaCl, 107.3
Ca(NOy), 121.2
CoCl,-6H,0 108.0
CuS0, 2.0
FeSo,+ 7H,0 63.7
HgCl, 0.0
KCl 103.0
MgSO,-7H,0 105.0
MnCl,-4H,0 97.6
NaCl 102.0
Pb(CH5COO0),-3H,0 63.7
ZnS0,-7H,0 112.0

The enzyme solutions were incubated in the solution
of each metal ions (10 mM) at 4C for 1 hour before
the measurement of activity and residual activities
were measured under the standard assay condition.
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Fig. 7—Isoelectric focusing gel electrophoresis (left)
and the calibration curve for measurement of
isoelectric point (right). (Lane A) the purified
protease (Lane B) the PI standards including
trypsin inhibitor (4.6, 1), B-latoglobulin (5.1, II),
carbonic anhydrase II (5.9, IIl.) carbonic anhy-
drsase 1 (6.6, 1V), myoglobulin (7.2, V) and L-
lactate dehydrogenase (8.6, VI).
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Table V—Effect of chemical reagents on the protease 5 o
activity ,\
Chemical reagents  Concentration Relative IS 49
(mM) activity (%) é
Control - 100 = 3T
Serine inhibitor g
S,
DIFP 1 102 >
5 104 =
PMSF 1 103 o+
5 101
Cysteine inhibitor _01.5 1 5 1 1 )
Iodoacetic acid 1 102 023 025 05 !
5 100 1/5(S : mg/m{)
SDS 1 96 Fig. 8—Km value on the reaction rate of the protease
5 1 produced by Serratia sp. Y-4. The concentra-
Metal chelator tions of casein used as the substrate were 1,
EDTA 1 52 2, 4, 8 and 10 mg/mi. Each activities were che-
5 2 cked under the standard assay condition.
Sodium oxalate 1 101
5 102 3706 (1964).
20 104 3) Tsuru, D., Heizokira and Yamamoto: Studies on
80 105 bacterial protease. Agri. Biol. Chem. 30, 1261
Sodium citrate 20 103 (1966).
80 105 4) Horikoshi, K. and Akiba, T.: Alkalophilic Microor-
Reducing agent . g ..
> ) ganisms, Japan scientific societies press, Inc,, To-
Potassium cyanide 1 102
5 104 kyo, p. 93 (1982).
L-cysteine 1 101 5) Matsushima, K-I., Hayakawa, K. Ito, M. and Shi-
5 104 mada K.: Features of the proteolytic enzyme sys-

After each enzyme solutions was incubated in the solu-
tion of each reagents at 37C for 30 min and then the
residual activities were checked under the standard
assay condition.
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