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Abstract

One strain of Streptomyces sp. {AS-707) isolated from soil was found to produce a biologically active

substance that showed a strong inhibitory activity against proteolytic enzymes viz. trypsin, papain, (- chymo-

trypsin, Azotobacter protease, and Bacillus protease.

The substance was separated from culture filtrate by ion exchange column chromatography using Amber-

lite IRC-50 and CM-cellulose column chromatography. It was found that the recovery yield was 26% as

activity basis. The substance was stable in wide pH range from 2.0 to 12.0 at 37°C, but it was unstable in

alkaline pH values at 60°C. The activity was thermostable to give 90% activity compared to the intact sam-

ple when it was ireated at pH5.6 at 100°C for 2 hours.

Introduction

Substances inhibiting proteolytic enzymes have
been demonstrated in a variety of biological mate-
rials. The first inhibitor known as bovine trypsin-
kallikrein inhibitor was detected by Kunitz and
Northrop(l). After this discovery many protease
inhibitors have been found in various animals and
plants, such as many organs of mammals, colo-
strums, eggs of certain birds, animal tissues and

plasmas, soybean, limabean, potato, barly, maize,

and wheat (2,3:4), The naturally occurring protease
inhibitors of animals and plants origined have been
reviewed by Vogel et al(2), Liener and Kakade(3)
and Kassell(4).

Until recent years investigations on the inhibitor
produced from microorganisms have been relativaly
few. It was first report about microbial inhibitor
that Hoyen and Sku.lberg(5) reported the existence
of trypsin inhibitors in culture supernatants of
Clostridium botulinum, type A,B, and E. The distri-
bution of inhibitor-producing strains among fungi
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has been studied by Shimada and Matsushima(6).
They examined 127 strains of Aspergillus, Penicil-
Lum, and Rhizopus and found 10 active producers.
Most of these belong to the Penicillium. Brecher and
Pugatch(7) reported the presence of a nondialyzable,
heat-stable inhibitor against tryptic and chymotryp-
tic activity in the 90,000xg supernatant fraction of
sonicated Escherichia coli cells. Aoyagi et al(8)

examined the antiplasmin activity of culture filtrates

of Actinomycctes and named the inhibitor as leupep-
tins. Fossum(9) reported that trypsin, O-chymotryp-

sin, and a certain microbial extracellular proteases

(but not ficin and papain) were inhibited by extracts

from disintegrated cells of some gram-negative
bacteria, including Proteus mirabilis, Pr. vulgaris, E.
Klebsiella sp.,
Pseudomonas aeruginosa. Alkaline proteinase inhi-
bitor (MAPI) produced by Streptomyces sp. WT-27
have been reported by Murao and Watanabe(10),

coli, a Serratia marcescens, and

Oka et al(11) investigated ninhydrin negative pepti-
dic trypsin inhibitor isolated from culture broth of
Streptomyces sp..

For the potential applications of such inhibitors
in medicine, biochemistry(12,13,14), we attempted
to find an inhibitor against trypsin reaction that
participate in the biological functions of the human
body(15,16,17). In this studies, a microbial inhibi-
tor, produced by one Streptomyces sp., was obtain-
ed and its actions on varioos proteolytic enzymes,

and its stabilities were investigated.

Materials and Methods

Isolation and screening of microorganism for
trypsin inhibitor,

Samples of soil were suspended in saline, and one
loop of this suspension was mixed with molten agar
(1.8%) medium (pH 7.0) containing 1% glucose,
0.2% peptone and then poured and spread in Petri
dish. The plates were allowed to incubate at 30°C
until distinct clonies developed. Hence 350 strains
of Streptomyces sp. were isolated. The isolated

microorganisms were inoculated to the test tube
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(15 x 150mm) containing 5ml of the inhibitor pro-
duction medium as shown in Table 1, These cultures
were cuitivated at 30°C for three or four days. After
cultivation, the culture broth was filtrated with
cotton, then the culture filtrate was subjected to
further analyses.

Table 1, Composition of media

Medium for stock culture

Potato extract* 20% (v/v)
glucose 1.0%
NaNO3 0.1%
agar 1.8%
pH 7.0
Medium for inhibitor production
glucose 2.0%
peptone 0.3%
NaNO3 0.05%
K,HPO, 0.05%
MgS047H,0 0.05%
NaCl 0.05%
pH 7.0

* 200g of potato in 1000ml of tap water was
boiled for 30 min.

was passed through cotton, and added to the

After cooling, the broth

medium.

Determinationof trypsin inhibitor activity

The inhibitory activity on trypsin was determin-
ed by measuring residual proteolytic activity of try-
psin after preincubation the trypsin with the inhibi-
Modified Anson’s method(18) was

adopted for the measurement of residual trypsin

tor solution.
activity. 1% solution of Hammarsten milk casein
dissolved in M /15 phospho-borate buffer (pH 7.6)
was used as substrate, and trypsin was dissolved to
0.1% in the same buffer. The mixtures composed of
0.5ml of buffer solution, 0.1ml of trypsin solution,

and 0.1ml of inhibitor solution was incubated for



5 min at 37°C, and then 0.3ml of 1% casein solution
was added. After incubation for 30 min at 37°C,
enzyme reaction was stopped with 1ml of 0.44M
trichloroacetic acid and incubated for 40 min. The
reaction mixture was filtered with cotton. 1ml of
the filtrate, 2.5ml of 0.565M Na3CO3 and 0.5ml of
Folin’s reagent (x3) were added in test tubes, then
the mixture was reacted for 30 min at 37°C and
optical density was measured at 660nm. The ratio
of the inhibition was calculated with the following
equation; the ratio of the inhibition (%),

2
I(%) = 100 (1— -C——C—); in this, Cqstands for the
1—%2

absorbance without inhibitor, C, for the absor-
bance with inhibitor and S for the absorbance with
both inhibitor and enzyme.

Inhibitory actions of the inhibitor against other
proteolytic enzymes were also estimated by the same
procedure of trypsin assay system described above,
except buffer systems and enzyme concentrations.
Papain (100ug/ml in M/15 phosphate buffer, pH
7.0), O-chymotrypsin {50 g/ml in M/15 phosphate
buffer, pH 7.8), pepsin (100-500ig/ml in M/10
sodium acetate-HCl buffer, pH 2.0), snake venom
proteases (100Mg/ml in M/15 phosphate buffer, pH
7.0), and microbial proteases (cultured filtrate
0.1ml in M/15 phosphte buffer, pH 7.0) were mixed
with inhibitor solution (100-200tg/ml) and preincu-
bated for 5 min at 37°C, and then the residual

enzyme activites were estimated.

Production and purification of the inhibitor

Selected strain Streptomyces sp. AS-707 was
stocked in solid medium described in Table 1 and
subcultured every month. For the production of the
inhibitor, strain AS-707 was inoculated in 1000m]
Erlenmeyer flask containing 200ml of medium
described in Table 1.

35°C for three days as shaking cultures (reciprocal,

The flask were cultured at

5cm,90 strokes/min).

Separation purification of the trypsin inhibitor
from the culture broth was carried out with four
steps as shown in Fig. 1.
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Culture broth

Amberlite IRC-50 (1st)

Eluted with 0.5M HCl in MeOH
dried in vacua

Methanol extraction

dried in vacua

Amberlite IRC-50 (2nd)

eluted and dried

CM-cellulose column
eluted with 0.025M HCI

Evaporation in vacua

Purified sample (amorphous powder)

Fig. 1. Purification procedure of the inhibitor.

Results

Purification of the inhibitor

1) Amberlite IRC-50 column chromatography

Cultured filtrate (1000ml) was passed through a
column (2.1 x 25cm) of Amberlite IRC-50 cation-
exchanger resin. After washing the column with
distilled water, pigmental substance was eluted with
200ml of 95% methanol and then effective substance
was eluted with 100ml of 95% methanol containing
0.5N-HCl. The effluent was evaporated to be dry-

ness in vacua.

2) Extraction with methanol

The evaporated active portion (3.4g of solid)
obtained from Amberlite IRC-50 ion-exchanger was
extracted with 25ml of 95% methanol (repeated 5
times with 5ml). The mecthanol extract was
evaporated to dryness (1740mg) under reduced

pressure,

3) Second IRC-50 column chromatography

Crude powder obtained above was dissolved in
5ml of distilled water and placed in refrigerator
-15°0).

discarded. Active supernatant was applied again to

After 3-5 days, precipitate formed was



the column of IRC-5G with the same way mentioned
above (1st IRC-50).

and evaporated to dryness in vacua,

Active fraction was collected

4) CM-cellulose column chromatography

Twenty mg of active powder obtained from
second IRC-50 was charged on a column (1.2 x
20cm).
water, the adsorbed inhibitor was eluted by the use
of 0.025M HCI at a flow rate of 30ml per hour

fractioning 3ml volume as shown in Fig. 2. The

After washing the column with distilled

active fraction was evaporated, and the purified inhi-
bitor was obtained with recovery of 26% of the acti-
vity of the culture filtrate. The detailed purification

procedures are summarized in Table 2.
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Fig. 2. Column chromatography of trypsin inhibi-

tor on CM cellulose,

The column (1.2 x 20cm) was charged with
20mg (dissolved in 1ml of distilled water) of
the active substance obtained from Amber-
lite IRC-50 cationexchanger and washed
with distilled water. The adsorbed inhibitor
was eluted with 0.025M HCI at a flow rate

of 30ml per hour fractioning 3ml volume.
0-0: 0.D, 280,

@-@®: inhibition activity

Table 2. Summary of the purification of the inhibitor

Total Relative spe- Recovery
Step Amount activity cific activity (%)
Culture |1000m! 828 0.4 100
filtrate
Amberlite 1346000 625 1.8 75
IRC-50 (1st)
Methanol 1, 5/0mg 410 2.4 50
extraction
Amberlite
450mg 284 6.3 34
IRC-50 (2nd)
CM-cellulose| 1356mg 213 16.0 26

Inhibitory activities of the purified inhibitor
on various proteases

Because the inhibitor has an activity of inhibition
against trypsin, the ability of the inhibitor to various
other proteolytic enzymes was tested. From the
result, shown in Table 3, papain, Oi-chymotrypsin,
Azotobacter vinelands protease, and Bacillus subtilis
protease were also inhibited by the inhibitor but
pepsin, snake venom proteases (Agkistrodon blom-
hoffi, A. saxatilis, A. caliginosus) and Streptomyces

metal protease were not inhibited.

Stability of the inhibitor

1) Thermal stability

Five mg of the inhibitor was dissolved in 5ml of
distilled water and the solution was heated for
periods up to two hours in water bath at 100°C. As
shown in Fig. 3, heat treatment of the inhibitor,
even under the condition at 100°C for 120 min, did
not cause a significant decrease in the inhibitory acti-
vity. Thus, this finding indicates that the inhibitor

is a relatively thermostable substance.

2) pHstability

The stability of the inhibitor at various pH values
between 2.0 to 12.0 was tested by incubation of the
inhibitor solution (mg/mi) at 37°C and 60°C. After

60 min residual activity was estimated, As illustrat-
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ed in Fig. 4, it was observed that the inhibitor was

stable at wide pH range from 2.0 to 12.0, when it

was treated at 37°C. However the inhibitor was

stable at acidic condition but unstable at alkaline
o

at 60 C.

Table 3. Effect of the inhibitor on the other
proteases

Proteolytic enzyme Inhibition I(%)

Papain + 84

O-chymotrypsin + 73

Pepsin ~ 0

Snake venom protease*
Agkistrodon blomhoffi - 0
Agkistrodon saxatilis - (]
Agkistrodon caliginosus - 0

Azotobacter vinelandi + 32
protease**

Bacillus subtilis + 52
protease **

Streptomyces metal - 0
protease** ¥

* ¢ Dried snake venom without any purifica-

tion was used as enzyme source.
% Cultured broth was applied as enzyme
solution.
ok This protease was produced by Streptomy-
ces sp. isolated from soil and the enzyme
was inactivated by EDTA and reactivated
by the addition of co™t ions in the reac-

tion mixture.

Inhibitory activity of the inhibitor was esti-
mated by measuring residual enzyme activity after
incubation of each enzyme with inhibitor. See
“Materials and Methods” for detailed assay systems.
+ : inhibited
- : not inhibited
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Thermal stability of the inhibitor.
The inhijbitor solution (mg/ml) (pH5.6) was
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pretreated at 100°C for the given time prior
to determination of inhibition ratio. To the
reaction mixture, 1004g of the pretreated
inhibitor and 100Ug of trypsin were added.
Activity of the inhibitor not treated was set
at 100.

1 1 1 L

2 4 6 8 10 12
Treated pH

pH stability of the inhibitor.

Inhibitor solution (mg/ml) was treated in
the various pH ranged from 2.0 to 12.0 at
87°C and 60°C for 60 minutes, After treat-
ment, residual activity was tested. To the
reaction mixture, 100Ug of the pretreated
inhibitor and 100g of trypsin were added.
Activity remaining after treatment at pH
6.0 was set at 100.

treated at 37C,0—0O: treated at 60C



Discussion

The availability of protease inhibitors from mic-
roorganism has been valuable for the study of pro-
teases, and several applications within medicine and
biochemistry have appeared (12-17),

We isolated one strain of Streptomyces sp. (AS-
707) from soil. The microorganism was able to pro-
duce a biologically active substance that has a strong
inhibitory activity against trypsin. The substance
was obtained from culture filtrate by adsorption on
Amberlite IRC-50 and chromatography on CM-cellu-
lose column, Recovery (26%) for the inhibitor from
Streptomyces sp. strain AS-707 lie at the same level
as those reported by Oka et al(ll), Kondo et al(lg),
and Tozstcnsson(_zo).

The substance also has inhibitory activity on
various proteolytic enzymes e.g. papain, (-chymo-
trypsin, and some microbial proteases such as
Azotobacter vinelandi Protease and Bacillus subtilis
protease, but not pepsin, snake venom proteases
and Streptomyces metal protease. Among the pepti-
dic inhibitors of microbial origin known at present,
the inhibitor isolated in the current studies has
similar inhibitory specificities to those of leupep-
tins(21) and antipain(21) isolated from culture

filtrates of various species of Streptomyces except

for the inhibitory actions against Qi-chymotrypsin.
In addition, leupeptins and antipain did not inhibit

O-chymotrypsin, whereas the inhibitor we had isolated

had a potent inhibitory activity on Q-chymotrypsin-
hydrolysis of casein. As other protease inhibotors
reported by Torstensson{20), Satoi{22), Murao et
al(23), and Uyeda et al(24), the substance was
stable against heat treatment and in wide pH range

from 2.0 to 12.0.
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