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Purification and Characterization of an Extracellular Protease

from Culture Filtrate of Salmonella schottmulleri
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An extracellular protease of Salmonella schowmidleri was purified from culture filtrate by using 0~75%
ammonium sulfate precipitation, DEAE Sepharose Fast Flow ion exchange chromatography, Ultrogel
HA chromatography and Sephacryl S-200 HR molecular sieve chromatography. To measure enzyme
activity, synthetic dipeptide substrate (CBZ-arg-arg-AFC) with low molecular weight was employed
as substrate. The molecular weight of the purified enzyme was approximately 80 kDa when deter-
mined by gel filtration on Sephacryl S-200 HR and 73 kDa when estimated by SDS-PAGE. The
isoelectric point was 5.45. The activity of the purified enzyme was inhibited by metal chelating
agents such as EDTA and 1,10-phenanthroline. The divalent cations, such as Ca®*, Zn®t, Fe?*,
Mg?* and Mn?* enhanced its activity. These results suggested that it was a metalloprotease. It
had a narrow pH optimum of 6.5~7.5 with a maximum at pH 7.0 and a temperature optimum
of 40°C. It was stable at least for 1 week at 40°C and maintained its activity for 24 hours at
50°C, but it was rapidly inactivated at 65°C. This protease was shown to be sensitive to sodium
dodecyl sulfate (SDS) and was inactivated in a dose-dependent manner. However, it was resistant
to Triton X-100 and the activity was enhanced to 32.3% with treatment of 0.025% Triton X-100.
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Salmonella schottmiileri (formerly Salmonella paratyphi
B) is a Gram-negative, facultative intracellular bacterium
which is primarily infective in humans. The ability to
adhere to and penetrate epithelial barriers of the host
cells 1s essential for infection in humans (9). Salmonella
spp. enter the host by invading the gastrointestinal mu-
cosa (8,9,11). Once the Salmonella invade the intestinal
epithelium, they enter deeper tissues, often reticuloen-
dothelial cells (30). The contact between Salmonella Spp.
and the eukaryotic cell induces expression of new pro-
teins, some of which appear to be required for invasion
of host cells (10). The virulence factors of Salmonella
which cause pathogenesis include cytotoxic proteins as
well as Vi antigens and O antigens (3,5, 8,9, 11). Particu-
larly, the cytotoxic factors such as enterotoxin, exotoxin
and permeability factors are involved in pathogenesis
of Salmonella (22,25, 26). Bacterial protease attribute to
bacterial pathogenesis by various molecular mechanisms;
enhancements of vascular permeability and edema for-
mation, degradation of defense oriented proteins inclu-

*To whom correspondence should be addressed.

ding immunoglobulins as well as structural matrices such
as fibronectin and collagen, inactivation of complement
system and generated chemotactic factors, degradation
of regulatory plasma protease inhibitors and destruction
of intracellular integrity result in cell killing (17). The
invasiveness of S. schoitmiilleri may be associated with
some extracellular protease which degrade the mucous
membrane of host defense barrier. However, the proper-
ties of the extracellular protease of S. schottmiilleri has
not been well understood. In this study, an extracellular
protease of \S. schottmiileri was purified and characteri-
zed.

Materials and Methods

Bacteria and culture condition

The strain of Salmonella schottmidleri used in this
study was kindlv provided by Dept. of Microbiology, Col-
lege of Medicine, Chung-Ang Univ. in 1993 and maintai-
ned in our laboratory thereafter. For production of pro-
teases, the organism was cultured in trypticase soy broth
(Difco, USA) supplemented with 0.1% CaCl, at 37C with
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vigorous shaking.

Assay of enzyme activity

Protease activity was estimated by synthetic dipeptide
substrate with a fluorescent leaving group, carboxyben-
zoyl-arginine-arginine-7-amino-4-trifluorometylcoumarin
(CBZ-arg-arg-AFC; Enzyme System Products, USA). The
assay mixture contained 50 mM sodium phosphate buf-
fer (pH 7.0) and 10 pg of CBZ-arg-arg-AFC dissolved
in 10 4 of DMSO in a total volume of 0.5 ml After
incubation at 37C for 2 h with enzyme solution, the
7-amino-4-trifluoromethylcoumarin (AFC) liberated from
the fluorogenic substrate was quantified with excitation
at 400 nm and emission at 505 nm using a fluorometer
(Model III, Sequoia-Turner Co., USA). One unit of the
enzyme activity was defined as nmols of AFC produced
per min under reaction condition.

Determination of protein concentration
Protein concentration was determined by the method
of Lowry et al. (16) with BSA (Sigma, USA) as standard.

Purification of extracellular protease

Step 1. Culture and ammonium sulfate precipitation

A 5 ml sample of a late log phase culture of the orga-
nism was introduced into and cultured in 500 ml of
trypticase soy broth (Difco, USA) in a 1 liter flask, with
vigorous shaking at 37C for 32 h. A 2 liter sample of
the culture was centrifuged at 6,000Xg for 15 min follo-
wed by filtration through a membrane filter (0.22 gm),
both at 4C. Ammonium sulfate was added slowly to the
supernatant, with gentle stirring, to a final concentration
of 75% saturation. After standing overnight at 4C, the
precipitates were collected by centrifugation at 8,000Xg
for 15 min, dissolved in about 20 ml of 50 mM Tris-
HCl buffer (pH 8.0), and dialyzed for 24 h against the
same buffer.

Step 2. DEAE Sepharose Fast Flow ion exchange
chromatography

The dialysate (50 ml) was applied to a column (2.6
by 18 cm) of DEAE Sepharose Fast Flow equilibrated
with 50 mM Tris-HCI buffer (pH 8.0) and eluted with
the same buffer at a flow rate of 45 ml/h. Adsorbed
proteins were eluted with a 0.15, 0.2, 025, 0.5 M NaCl
stepwise gradient. Eluate (6 ml/fractions) was collected
for measurement of absorbance at 280 nm and enzyme
activity. The active fractions were pooled, dialyzed agai-
nst distilled water at 4C and lyophilized.

Step 3. Ultrogel HA chromatography

The lyophilized preparation was resolved in 10 mM
sodium phosphate buffer (pH 6.8) and applied to a co-
lumn (16 by 11 c¢m) of Ultrogel HA equilibrated with
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10 mM sodium phosphate buffer (pH 6.8). Adsorbed pro-
teins were eluted with a linear gradient of 10~500 mM
sodium phosphate buffer (pH 6.8). The active fractions
were pooled, dialyzed against distilled water at 4C and
lyophilized.

Step 4. Sephacryl S-200 HR molecular sieve chromato-
graphy

For further purification, partially purified enzyme solu-
tion was dialyzed against 20 mM Tris-HC! buffer (pH
7.5) containing .15 M NaCl and applied to a column
(1.6 by 50 cm) of Sephacryl S-200 HR equilibrated with
20 mM Tris-HC! buffer (pH 7.5) containing 0.15 M NaCl.
Fractions (3 mi} of the eluate were collected similarly
and dialyzed against distilled water followed by lyophili-
zation. The lyophilized powder was stored at —80C until
used.

SDS-PAGE

Polyacrylamide gel electrophoresis in the presence of
sodium dodecyl sulfate was performed in 10% (wt/v)
slab gel as described by Laemmli (14). Protein samples
were denaturated by boiling for 2 min in 1% SDS and
0.1% p-mercaptoethanol. A current of 30 mA/gel was
applied for 35 h. The gels were stained for 2 h with
0.1% Coomassie Brilliant Blue in methanol/acetic acid/
H,O (1:2: 1, v/v) and destained in methanol/acetic
acid/H,O (G:1 4, v/v) at room temperature.

Substrate gel electrophoresis

The gelatin SDS-PAGE in slab gels containing SDS
and gelatin as copolymerized substrate were used for
the detection of the protease activity (13). Protein samp-
les were mixed with equal volume of solution containing
25% SDS and 1% sucrose, and incubated at 37C for
30 min. Electrophoresis was performed at 4T at a cons-
tant current of 30 mA. After electrophoresis, the gels
were washed :n 2.5% Triton X-100 for 1 h at room
temperature to remove the SDS and to restore enzyme
activity. The gels were then transferred to 50 mM so-
dium phosphate buffer (pH 7.0) and incubated at 37C
for overnight. The gels were then fixed and stained by
immersion for 1 h in 0.1% (wt/v) amido black and des-
tained in methanol/acetic acid/H;O (5:1:4, v/v). The
bands of proteolytic activity were revealed as areas dep-
leted of gelatin.

Determination of molecular weight

The molecular weight of the purified enzyme was de-
termined by SDS-PAGE. The reference proteins were
phosphorylase b (94,000), bovine serum albumin (67,000),
ovalbumin (43,00), carbonic anhydrase (30,000), trypsin
inhibitor (20,100) and a-lactalbumin (14,400) (Sigma,
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USA). The native molecular weight of the purified enz-
yme was determined by molecular sieve chromatography.
The purified enzyme was applied to a column (1.6 by
50 cm) of Sephacryl S-200 HR precalibrated with calibra-
tion standards. Standard proteins were aldolase (158,000),
bovine serum albumin (67,000), ovalbumin (43,000), chy-
motrypsinogen A (25,000) and ribonuclease A (13,700)
(Pharmacia, Sweden).

Determination of isoelectric point

Isoelectric focusing was carried out on a Pharmacia
Phast gel (Pharmacia, Sweden) containing ampholine
with a pH range of 3~10 and calibration kit proteins
were used. After electrofocusing, the gel was stained
and destained as described previously.

Effect of pH on enzyme activity

The pH effect was assayed at different pH values (pH
range 55~10.0). 0.1 M sodium acetate, sodium phos-
phate, Tris-HCI, glycine-NaOH buffers were used for pH
ranges of 55 to 6.0, 65 to 7.0, 7.5 to 85, 9.0 to 100,
respectively.

Effect of temperature on enzyme activity

The enzyme reaction was carried out at different tem-
peratures from 10T to 60C. After 2 h incubation, enz-
yme activities were measured.

Heat stability of enzyme

The purified enzyme was incubated for different time
intervals in 50 mM sodium phosphate buffer (pH 7.0)
at 10C, 40T, 50C and 65C. And then remaining activi-
ties were measured.

Effect of protease inhibitors and metal ions on en-
zZyme activity

The effect of protease inhibitors on enzyme activity
was examined. Purified enzyme was preincubated at 37C
for 30 min in 50 mM sodium phosphate buffer (pH 7.0)
containing inhibitors. Substrate was then added. The
reaction mixtures were incubated at 37C for 2 h and
enzyme activity was measured. The inhibitors used in
this study were diisopropyl fluorophosphate (DFP, 100
#M; Sigma, USA), phenylmethylsulfonyl fluoride (PMSF,
1 mM; Sigma, USA), L-trans-epoxy-succinyl-leucylamido-
(4-guanidino)-butane (E-64, 10 uM; Sigma, USA), leupep-
tin (100 uM; Sigma, USA), pepstatin A (1 uM; Sigma,
USA), N-a-p-tosyl-L-lysine-chloromethyl ketone (TLCK,
100 pM; Sigma, USA), N-tosyl-L-phenyl-alanine-chloro-
methyl ketone (TPCK, 100 uM; Sigma, USA), iodoacetic
acid (100 uM; Sigma, USA), 1,10-phenanthroline (1 mM;
Sigma, USA) and ethylenediaminetetraacetic acid (EDTA,
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10 mM; Sigma, USA). The effect of metal ions on enz-
yme activity was examined by the following method. The
purified enzyme was incubated in 50 mM sodium phos-
phate buffer (pH 7.0) containing 2 mM MgCl,, MnCl,,
CaCl,, ZnCl,, HgCl,, FeSO, at 37C for 2 h. And then
each enzyme activity was measured in comparison with
the control which had no metal ions.

Reactivation of the EDTA-inactivated protease

Purified enzyme in 05 ml of 50 mM sodium phos-
phate buffer (pH 7.0) was inactivated by incubating with
5> mM EDTA at 37C for 20 min. To this inactivated
enzyme solution, 0.1 M MgCl, MnCl, CaCl,, ZnCl,, HgCl,
FeSO,; metal ion solutions were added to a final concent-
ration of 2 and 5 mM. Each of these mixtures was fur-
ther incubated at 37C for 2 h and restored enzyme
activity was measured in comparison to the EDTA-inac-
tivated enzyme activity.

Effect of detergents on enzyme activity

To investigate the effect of detergents on enzyme acti-
vity, SDS and Triton X-100 were used. The purified enz-
yme was preincubated with detergents in 50 mM sodium
phosphate buffer (pH 7.0) at 37C for 2 h. And then
substrate was added and each enzyme activity was mea-
sured in comparison with the control which had no dete-
rgents. The final concentrations of detergents were
0.0025, 0.005, 0.0125, 0.025, 005, 0.125, 025, 0.5, 125
and 2.5%.

Amino acid analysis

Amino acid analysis was performed by the method
of Spackman ef al. (27). Sample of purified enzyme (0.1
mg) was hydrolyzed at 110C for 24 h with 1 ml of
6 N HCl in vacuo. The hydrolysate was dried in vacuo
and amino acid analysis was performed with Beckman
Model 6300 amino acid analyzer.

Results and Discussion

Protease production and cell growth

The time course of culture and the protease activity
were shown in Fig. 1. Culture filtrate was harvested
48 h after incubation. The production of the proteases
was highly increased when the growth reached late log
phase, and total protease activity reached its maximum
during the middle stationary phase. And then, protease
activity decreased gradually. As cells become starved
their overall metabolic rate decreases, but some level
of endogenous metabolism is maintained. One function
of endogenous metabolism is to maintain the ability to
transport substrates into the cell. During starvation, the
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Fig. 1. Change of cell density and protease activity during cultiva-
tion of S schottmilleri in TSB. S. schottmidleri were cultivated at
37¢ with vigorous shaking. The aliquots taken out at the indicated
time were used to measure the cell density (@) and protease acti-
vity (A).

bulk of the protein synthesis is turning off (7,12,23).
However, the synthesis of 30 to 50 proteins is induced
in response to starvation (12,15, 24,28). These proteins
involved in maintaining viability during prolonged star-
vation are necessary for cells to recover from starvation
and to resume growth when nutrients become available.
Therefore, this data proposes that when cells encounter
nutritional starvation, they produce extracellular protea-
ses which could be important in hydrolyzing environme-
ntal macromolecular protein sources to small, available
substrates to overcome the nutritional starvation. But,
when the available nutrient is not sufficient in the envi-
ronment, growth ceases and cells enter the stationary
phase.

Purification of extracellular protease

Purification of an extracellular protease from culture
filtrate of S. schotmitlleri was performed with ammonium
sulfate precipitation followed by a series of chromatogra-
phic steps. DEAE Sepharose Fast Flow chromatography
of the ammonium sulfate precipitates yielded one peak
of proteolytic activity (Fig. 2A). The active fractions were
pooled, concentrated and applied to Ultrogel HA chro-
matography. Three peaks with proteolytic activity was
obtained (Fig. 2B). The third peak which showed the
highest proteolytic activity was pooled, concentrated and
applied to Sephacryl S-200 HR chromatography. Four
protein peaks were obtained and proteolytic activity was
detected in the second peak (Fig. 2C). This active frac-
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Fig. 2A. Elution profile of protease on the DEAE Sepharose Fast
Flow ion exchange chromatography. NaCl stepwise gradient (—),
protease activity (a) and protein content at 280 nm (O).
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Fig. 2B. Elution profile of protease on the Ultrogel HA chromatog-
raphy. Linear gradient elution using 10~500 mM sodium phosphate
buffer (pH 6.8) (——), protease activity (a) and protein content
at 280 nm (O).
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Fig. 2C. Elution profile of protease on the Sephacryl S-200 HR
molecular sieve chromatography. Protease activity (a) and protein
content at 280 nm ().
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Table 1. Purification of protease from culture filtrate of S schottmiilleri

Purification step Total volume Total protein Total activity Specific activity*  Purification fold Recovery (%)
(ml) (mg) (unit) (U/mg)
Culture filtrate 1,500 3110 3,865 13 1.0 100
Ammonium  sulfate? 50 1,720 3,19 19 15 82.7
DEAE* 35 10.8 2463 2291 183.3 63.7
HA“ 20 2.93 835 285.1 228.1 216
Sephacryl S-200 15 047 220 4683 3746 5.7

“Total and specific activity: nmoles of AFC production per min under reaction condition. *0~75% ammonium sulfate precipitation.
‘DEAE Sepharose Fast Flow ion exchange chromatography. ¢ Ultrogel HA chromatography. * Sephacryl $-200 HR molecular sieve chroma-

tography.
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Fig. 3. PAGE analysis of purified protease from culture filtrate
of S. schottmiilleri. (A) 10% Polyacrylamide SDS-PAGE. (B) Subst-
rate gel electrophoresis. Lane A, Standard marker protein; lane
B, 0~75% ammonium sulfate precipitation; lane C, active peak from
DEAE Sepharose Fast Flow ion exchange chromatography; lane
D, active peak from Ultrogel HA chromatography; lane E, purified
protease from Sephacryl $-200 HR molecular sieve chromatography
(74 1®). Molecular weight standard markers included the following
proteins: phosphorylase B (94,000); bovine serum albumin (67,000);
ovalbumin (43000); carbonic anhydrase (30,000); trypsin inhibitor
(20,100); o-lactalbumin (14,400).

tions were pooled, concentrated and used in a further
study. A typical purification is shown in Table 1. The
molecular weight of the enzyme was determined to be
approximately 73 kDa on 10% SDS-polyacrylamide gel
(Fig. 3A). The molecular weight of the enzyme was
approximately 80 kDa when determined by gel filtration
(Fig. 2C) and the isoelectric point was 545 (data not
shown). This indicated that the purified enzyme was a
slightly acidic protein with monomeric structure. This
protease was examined further by substrate gel electro-
phoresis on 10% SDS-polyacrylamide gel containing 0.1%
gelatin (Fig. 3B). The crude sample showed four major
clearing smear bands. The result suggested that these
proteases were either active in the presence of SDS
during electrophoresis (4), or were binding to the subst-
rate gelatin (1). However, the purified 73 kDa protease
didn’t show clearing smear bands (Fig. 3B, lanes D,

E). It indicated that this enzyme was sensitive to SDS;
plus, its activity was restored after washing with Triton
X-100. The effect of detergents at various concentrations
on purified enzyme activity was determined. SDS, an
ionic detergent, completely inactivated enzyme activity
at a concentration of 0.5%. However, Triton X-100, a
nonionic detergent, did not influence enzyme activity;
moreover, the activity was enhanced to 32.3% with treat-
ment of 0.025% Triton X-100 (data not shown). The fact
that the activity of SDS-inactivated enzyme can be resto-
red by washing with Triton X-100 in substrate gel indi-
cates that SI)S may inactivate the enzyme by modifying
the active site or the conformation of the enzyme rever-
sibly. This enzyme was more resistant to SDS than alka-
line or neutral proteases of B, subtilis 6061, which were
completely inactivated in the presence of 0.2% and 0.1%
SDS, respectively (31). However, this enzyme is more
sensitive to SDS than extracellular alkaline protease
from Bacillus subtilis RM 615. The enzyme was reduced
to 82% of maximal activity upon treatment with 1% SDS
(20).

Effect of pH

The effect of varying the pH on protease activity was
examined by using various buffers (Fig. 4). The enzyme
was active over a narrow pH range of 65 to 75 with
a pH optimum at 7.0. The activity decreased gradually
below pH 6.0 and above pH 9.0, Thus, the protease has
a neutral optimal pH. It corresponds to most bacterial
proteases which are most active at neutral pH or at
some alkaline pH (2,6, 21,32).

Effect of temperature and heat stability

The enzyme exhibited a broad temperature optimum
with a maximum activity at 40C and rapid inactivation
above 45C (Fig. 5). The enzyme was stable between
10T and 40T at least for 1 week. However, it was ra-
ther unstable at 50C and was inactivated rapidly at 65C
(Fig. 6). This result was similar to peptidase N of S
typhimurium which was inactivated rapidly at 70C (19).
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Fig. 4. Effect of pH on the activity of purified protease from cul-
ture filtrate of S. schotimiilleri. The protease activity was assayed
in 0.1 M sodium acetate buffer (pH 5.0~6.0), 0.1 M sodium phos-
phate buffer (pH 65~75), 01 M Tris-HCl buffer (pH 75~85),
0.1 M glycine-NaOH buffer (pH 9.0~10.0). Maximal activity was
shown as 100%.
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Fig. 5. Effect of temperature on the activity of purified protease
from culture filtrate of S. schottmiilerr. The purified protease was
incubated at various temperature for 2 h and then the protease
activity was assayed. Maximal activity was shown as 100%.

This result indicates that the enzyme can maintain its
activity at a temperature similar to human body tempe-
rature for a long time. Therefore, if this enzyme is invol-
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Fig. 6. Thermal stability of purified protease from cuiture filtrate
of S. schottmiilleri. The purified protease was incubated for various
time intervals in 50 mM sodium phosphate buffer (pH 7.0) at 10T
(m), 40C (»), 50T (@), 65C (¥) and then remaining activity was
measured.

Table 2. Effect o: inhibitors on the purified protease from culture
filrate of S. schottmiiler:.

Inhibitors Concentration Relative activity®
(mM) (%)
Control’ 100.0
Serine class;
DFP 0.1 87.0
1 835
PMSF 1 94.7
Serine & Cysteine class;
Leupeptin 0.1 97.5
TPCK 0.1 813
TLCK 0.1 91.8
Cysteine class;
E-64 0.01 98.3
Todoacetic acid 0.1 99.5
Aspartic class;
Pepstatin A 0.001 885
Metallo class;
EDTA 5 436
10 52
1,10-Phenanthroline 1 226

“Control represents the activity tested without any inhibitors.
"% of control.

DFP: Di-isopropylfluorophosphate.

PMSF: Phenylmerhylsulfonyl fluoride.

TPCK: N-tosyl-L-phenylalanine-chloromethyl ketone.

TLCK: N-a-p-tosyl-L-lysine-chloromethyl ketone.

E-64: L-rans-epoxysuccinyl-leucylamido-(4-guanidino)-butane.
EDTA: Ethylenediaminetetraacetic acid.



250  Na and Song

Table 3. The effect of divalent metal ions on the purified protease.
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Table 5. Amino acid composition of the purified protease®.

Metal ion“ Relative Activity (%)
Control® 100.0+ 25
MgCl, 1198+ 32
MnCl, 1085+ 3.1
CaCl, 1253+ 28
ZnCl, 123.7+ 32
HgCl, 954+ 33
FeSO, 105.7+ 2.7

“The final concentrations of metal ions were 2 mM.
*Control represents the activity tested without any metal ions.
% of control.

Table 4. Reactivation of the EDTA-inactivated protease by various
divalent metal ions.

Metal ion Concentration (mM) Restored Activity (%
Control 1 100.0
Control 2 43.6
MgCl, 2 51.2
5 58.7
MnCl, 2 617
5 694
CaCl. 2 64.9
5 87.3
ZnCl, 2 74.0
5 934
HgClL 2 45.1
5 43.8
FeSO; 2 594
5 655

Control 1: purified protease alone.

Control 2: purified protease+EDTA (5 mM).

“To the EDTA-inactivated enzyme solution, metal ions at 2 and
5 mM were added and incubated 50 mM sodium phosphate buffer
(pH 7.0) at 37C for 20 min. Substrate was then added.

ved in the pathogenesis of S. schottmiilleri, it will exhibit
its pathogenicity for a long time.

Effect of protease inhibitors and metal ions

The effect of a wide spectrum of inhibitors on the
activity of enzyme was determined by measuring resi-
dual activity following preincubation of the enzyme with
inhibitors in 50 mM sodium phosphate buffer (pH 7.0)
at 37C for 30 min (Table 2). The enzyme was inhibited
by both EDTA and 1,10-phenanthroline. However, no
significant inhibitions were observed with DFP and
PMSF (inhibitors of serine proteases), E-64 and iodoace-
tic acid (inhibitors of cysteine proteases) and pepstatin
A (inhibitor of aspartic proteases). Among metal ions,
only Hg*' exhibited some inhibition (Table 3). However,
there was no indication of the sulthydryl group involve-
ment because no effect was observed by iodoacetic acid
(Table 2). The addition of Mg®', Mn?', Ca®", Zn®*' and

i ] No. of amino acid residues
Amino acid e
btained value Nearest integer”

Cys 2.87 3
Asx 3049 30
Thr 30.14 30
Ser 49.09 49
Glx 82.76 83
Pro 24.60 25
Gly 7958 80
Ala 26.55 27
Val 42.85 43
Met 9.34 i}
lle 12.36 12
Leu 36.97 37
Tyr 323 3
Phe 19.60 20
Lys 4091 41
His 82.99 83
Arg 6.07 6
Trp 1.98 2
Total 579

“Amino acid composition was determined after acid hydrolysis for
24 h.

"Based on the molecular weight of 73000, the nearest Integer was
calculated which vieled 72.967.

Fe*" enhanced the protease activity from 57% to 25.3%
more than the control. Addition of metal ions to the
EDTA-inactivated protease restored the activity except
Hg** (Table 4). Particularly, Zn** and Ca® enhanced
the enzyme activity in a high degree. Sensitivity to the
metal chelating agent, EDTA, is typical of metalloprotea-
ses, many of which are stabilized or activated by Ca*'
and Mg*" (18,29). Moreover, the purified enzyme was
inactivated significantly by 1,10-phenanthroline, a Zn?' -
specific chelating agent. These results suggested that this
enzyme can be classified as a Zn’ -dependent metallop-
rotease and Ci®" is required for enzyme stability.

Amino acid analysis

The result of amino acid analysis of the enzyme is
shown in Table 5. The protease contains 2 mol of tryp-
tophan, 5 mol of methionine, 3 mol of cysteine per mol
of protease.
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