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Abstract. The protease activity of Streptomyces rimosus TM-55 was first detected after 12 h of growth in submerged
cultivation, and this activity peaked after 166 h of incubation. In solid state cultivation, protease was first secreted
at 24 h, with the secretion peaking at 232 h. Amylase activity could be detected after 6 h in submerged cultivation,
and it afterwards peaked after 48 h of incubation. In solid state cultivation, it began to be secreted at 24 h, and this
secretion peaked after 180 h. Each gram of starch yielded 17.4 and 691.3 units of protease and amylase in submerged
cultivation, respectively; whereas the values were 26.7 and 2,642.7 units in solid state cultivation. =-Amylase was
the major amylase in both cultivation methods, and glucoamylase and debranching activity were minor components.
Protease and amylase produced with both cultivation methods had a similar optimal pH, between 6.0 and 7.0, and
optimal temperature, between 35 and 45°C. The enzyme activities produced in solid state cultivation were more
stable with pH and temperature changes than those produced in submerged cultivation.
Keywords: Amylase; Protease; Streptomyces; Submerged and solid state cultivations.

Introduction
In Taiwan and other Asian countries, the Koji process
has been used to produce various enzymes by growing
molds on cereals or their brans. Although protease and
amylase are mainly fungal and eubacterial products, the
possibility of using streptomycetes for enzyme production
has recently been investigated. Streptomyces species that
produce proteases include S. clavuligerus, S. griseus, S.
moderatus, S. rimosus, S. thermoviolaceus, and S.
thermovulgaris (Pokorny et al., 1979; Renko et al., 1981,
1989; Chandrasekaran and Dhar, 1987; Bascaran et al.,
1990; James et al., 1991; Muro et al., 1991; Yeoman and
Edwards, 1994). Other hydrolases of Streptomyces species studied include aminopeptidase by S. fradiae, S.
griseus, S. lividans, S. peptidofaciens, and S. rimosus
(Vitale et al., 1986; Aphale and Strohl, 1993), chitinase by
S. viridificans (Gupta et al., 1995), =-amylase by S.
aureofaciens and S. rimosus (Vukeliúc et al., 1992; Cheng
and Yang, 1995; Yang and Cheng, 1996), and >-glucosidase by Streptomyces sp. (Ozaki and Yamada, 1991).
Streptomyces species are heterotrophic feeders, and
they can utilize both simple and complex molecules as
nutrients. About three-fourths of the Streptomyces species may produce antibiotics. In addition to antibiotics,
Streptomyces species liberate extracellular enzymes (Gupta
et al., 1995). This work investigates the effect of subPresent address: National Laboratories of Foods and Drugs,
Department of Health, Executive Yuan, Taipei 110, Taiwan.
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merged and solid state cultivation techniques on growth,
ATP content, and on the protease and amylase activities
of Streptomyces rimosus.

Materials and Methods
Test Organism
Streptomyces rimosus TM-55 (CCRC 940061) was obtained from Dr. Thomas H. H. Ku, Cyanamid Taiwan
Corporation.

Sweet Potato Residue and Peanut Meal Residue
Sweet potato residue and peanut meal residue were
purchased from a local market in Taiwan and passed
through a sieve (4 to 16 mesh) to remove dust and large
aggregates. Sweet potato residue contained (w w-1) 14.0
to 16.1% moisture, 2.3 to 3.1% crude protein, 2.7 to 3.6%
ash, 16.1 to 18.0% crude fibre, and 65.4 to 70.0%
carbohydrate (mainly starch) (Yang, 1988). Peanut meal
residue comprised (w w-1) 9.2 to 10.0% moisture, 49.4 to
51.4% crude protein, 5.4 to 6.1% ash, 6.7 to 7.5% crude
fibre, 1.3 to 1.6% crude fat, and 25.2 to 26.2% nitrogen free
extract.

Culture Media and Growth Conditions
Streptomyces rimosus was cultivated at 28°C on a slant
containing (g l-1) soluble starch 10; yeast extract, 1; beef
extract, 1; tryptone, 2; FeSO47H2O, 0.1; and agar, 20; at
pH 7.2. Spores were harvested with a Tween 80 solution
(5 ml, 0.05% v v-1), which was then adjusted with sterile
water to give 107 to 108 spores per ml.
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Submerged cultures contained (g l-1): soluble starch, 20;
corn steep liquor (Sigma No. C-4648, contains solid 50%),
10; (NH4)2SO4, 6; CaCO3, 8; NaCl, 5; and soybean oil, 2; at
pH 6.8 to 7.2. The broth was inoculated with 1.0 × 106
spores per ml and shaken at 28°C and 250 rev min-1 for 1
to 9 days.
The solid substrate usually contained (g): sweet potato
residue, 100; peanut meal residue, 20; MgSO47H2O, 2; and
CaCO3, 1. The substrate was distributed into Erlenmeyer
flasks, autoclaved, mixed thoroughly with the spores and
the required amount of sterile water, and incubated statically at 28°C for 2 to 12 days with mixing once daily by
rotating each flask. The depth of medium in each flask
was about 2 cm. pH of the substrate was either measured
directly by immersing the electrode into substrate or determined after mixing a portion with four times its volume
of distilled water.

Extraction and Estimation of Adenine Nucleotides
After cultivation, cells were harvested by centrifugation at 6,000 g for 30 min. Cells from liquid medium or culture mass of solid medium were boiled with 0.02 M Tris-HCl
buffer pH 7.6 for 10 min. The filtrate was used for adenosine nucleotide measurement. Firefly lantern extract (20 mg)
containing luciferin and luciferase (Sigma) was dissolved
in 5 ml of 0.02 M Tris-HCl buffer pH 7.6 and 1 ml of 0.01
M MgSO47H2O (dissolved in Tris-HCl buffer), and the mixture was stored at 4°C overnight. Before measurement, the
enzyme solution was centrifuged at 3,000 g for 10 min. It
was used within 2 h of preparation. Sample or adenosine
nucleotide standard was mixed with the luciferin-luciferase
mixture, and the luminescence was measured by ATP photometer (Turner TD-20e Luminometer, USA). Adenine
nucleotide content was calculated from the standard curve
of authentic compound. Energy charge was calculated as
the mole fraction of ATP plus half the mole fraction of
ADP, a measure of the amount of metabolically available
energy stored in the adenylate pool (Karl, 1980; Sparling
et al., 1986).

Extraction and Assay of Enzyme Activity
After cultivation, culture mass of solid medium was extracted with four volumes of 0.1% NaCl solution with shaking for 1 h at 25°C.
Protease activity of culture broth or culture mass extract was determined by a modified Ansons method (Yang
and Huang, 1994). The reaction mixtures containing 1 ml
of 1% casein in an appropriate buffer (pH 2.6: 0.1 M citric
acid and 0.2 M NaH2PO4 McIlvaine buffer, pH 5.0 to 6.0:
0.1 M citric acid  sodium citrate buffer, pH 6.7 to pH 7.5:
0.1 M Na2HPO4 and 0.1 M NaH2PO4 phosphate buffer, pH
7.6 to 8.5: 0.1 M Tris-HCl buffer, and pH 9.1 to 10.1: 0.1 M
glycine-NaOH buffer) and 1 ml of enzyme solution were
incubated at 37°C for 20 min, and the reaction was stopped
with 3 ml of 10% trichloroacetic acid. The absorbance of
the liberated tyrosine in the filtrate was measured at 280
nm. One unit of protease activity was defined as the
amount of enzyme that produced an absorbance at 280 nm
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equivalent to 1 µmole of tyrosine in one min under the assay conditions.
Amylase activity was measured by the dinitrosalicylic
acid (DNS) method (Rick and Stegbauer, 1974). The reaction mixture contained 1 ml of 1% soluble starch in an appropriate buffer and 1 ml of enzyme solution. It was
incubated at 25°C for 3 min. Two ml of DNS reagent were
added, and the mixture was boiled for 5 min. After cooling,
the reaction mixture was diluted with 16 ml of distilled
water, and the absorbance was measured at 540 nm. One
unit of amylase activity was defined as the amount of enzyme causing the release of 1 µmole of reducing sugars in
one min under the assay conditions.
Alpha-amylase activity was assayed using a modification of the Phadebas amylase test (Pharmacia, Sweden)
(Horn, 1990). Four ml of 0.02 M citrate buffer pH 5.0 and
0.2 ml of enzyme solution were preheated at 40°C for 5 min.
One tablet of Phadebas was added to the reaction mixture,
incubated at 40°C for 15 min, and stopped with 1 ml of 5
N NaOH. After centrifugation at 3,000 g for 5 min, the
absorbance at 620 nm against the blank was measured.
One unit of =-amylase activity was defined as the amount
of enzyme hydrolyzing 1 µmole of glucose equivalents of
starch in one min under the assay conditions.
Glucoamylase activity was determined by a modified
Wilson and Ingledew method (1982). Five ml of soluble
starch solution and 1 ml of enzyme solution were reacted
at 50°C for 15 min, and the reaction was stopped by boiling for 5 min. After cooling, a 0.5 ml portion was reacted
with 5 ml of peroxidase-glucose oxidase reagent (Sigma)
at 40°C for 30 min, and the absorbance was measured at
450 nm. The absorbance of sample was converted to 1
mg of glucose in one min by using a standard curve.
Debranching activity was measured by a modified De
Mot et al. method (1984). 0.5 ml of 1% pullulan and 0.2 ml
of enzyme solution were reacted at 40°C for 45 min, 2.1 ml
of DNS reagent was then added, and the reaction was
stopped by boiling for 5 min. The reaction mixture was
diluted with 11.55 ml of distilled water, and the absorbance
was measured at 550 nm. The absorbance of sample was
converted to 1 mg of glucose per min by using a standard
curve.

Effect of pH on the Enzyme Activity
Effect of pH on enzyme activity was measured in pH
2.7, 5.0, 7.0 and 8.0 buffers at 37°C for 20 min with protease,
and at 25°C for 3 min with amylase.

Effect of Temperature on the Enzyme Activity
Effect of temperature on enzyme activity was determined
at 25, 35, 50, 60 and 78°C in pH 6.7 phosphate buffer. Test
duration was 20 min for protease and 3 min for amylase,
respectively.

Protein and Moisture Contents
Total nitrogen of cells from liquid medium and culture
mass of solid medium was determined by a modified
Kjeldahl method (Yang et al., 1991). Cell protein content

Yang and Wang  Protease and amylase production of Streptomyces

261

was calculated as 6.25 times the total nitrogen content.
The moisture content of the culture mass was determined
by drying the sample at 60°C under vacuum for 8 to 12 h
to constant weight.

Results and Discussion
Enzymes Production in Submerged Cultivation
During the submerged cultivation of S. rimosus, protease activity was detected at 12 h and peaked at 166 h.
The pH dropped from 6.7 to 6.1 after 24 h of cultivation
and increased gradually to 8.2 at 480 h (Figure 1). Each
gram of starch yielded 17.4 units of protease (i.e. each ml
of culture broth supported the production of 0.4 units of
protease). Amylase was secreted at 6 h, and had the highest activity at 48 h. Each gram of starch supported the
production of 691.3 units of amylase (i.e. each ml of culture broth yielded 15.9 units of amylase). ATP content
peaked at 24 h and then fell to a constant value between
240 and 504 h of cultivation. Energy charge increased from
0.68 to 0.90 at 24 h, and then decreased gradually to 0.57
between 240 and 504 h of incubation. ATP content is a
potential index of microbial biomass (Karl and HolmHansen, 1978), and energy charge is a useful indicator of
the energetic state of cells (Sivori, 1986). The energy
charge of S. rimosus was very consistent with the energy
charge of 0.87 in Acetobacter aceti (Bachi and Ettlinger,
1973) and Bacillus brevis (Fynn and Davison, 1976), the
0.76 to 0.79 in Clostridium kluyveri (Decker and Pfitzer,
1972), and the 0.8 to 0.9 in aerobically grown Saccharomyces cerevisiae (Ball and Atkinson, 1975). Cell growth
had the log phase within 65 h, the stationary phase between 65 and 166 h, and the decline phase after 166 h of
cultivation.

Enzyme Production in Solid State Cultivation
Protease activity was detected at 24 h and climaxed at
232 h (Figure 2). Each gram of starch yielded 26.7 units of
protease (i.e. each gram of dry substrate supported the
production of 15.8 units of protease). Amylase began to
be secreted at 24 h with maximum secretion at 180 h. Each
gram of starch yielded 2,642.7 units of amylase (i.e. each
gram of dry substrate supported the production of 1,565
units of amylase). A very significant difference exists
between submerged and solid state cultivation for protease
and amylase production (p<0.01). The substrate
concentration was low in submerged culture while the
substrate accessibility was limited in solid state culture.
Each liter of culture broth contained 22.4 to 23.6 g of starch
in submerged culture while each liter of solid substrate
contained 103.8 to 166.0 g of starch (the bulk density of
solid substrate was between 0.50 and 0.80 g cm-3 in wet
weight basis at 65% moisture content) in solid state
culture. Therefore, the protease and amylase productivities
per gram of starch in solid state cultivation were 53.4 and
282.3% higher than those in submerged culture,
respectively. These results indicated that a high
concentration of substrate in solid state cultivation

Figure 1. Time course of protease and amylase activities of S.
rimosus in submerged cultivation at 28°C and 250 rev min-1. (a)
pH and cell protein; (b) ATP content and energy charge; (c)
Protease and amylase activities.

favored enzyme production. A similar result was also
shown in the cellulase production of Trichoderma reesei.
Cellulase productivity per gram of substrate in the solid
state cultivation was 72% higher than that in the
submerged culture (Chahal, 1985).
Amylase production in solid state cultivation took
longer than that in submerged cultivation while the productivity of each gram of starch was about 2.82 fold higher
than that in submerged cultivation. Amylase activity was
connected with the substrate utilization by microbes while
protease was associated with the growth of microbes.
Therefore, amylase was secreted prior to protease.
Cell protein and moisture contents increased rapidly for
the heavy growth and high metabolic activity of mycelia.
The pH of the substrate first increased and then decreased for active growth. Matsushima et al. (1981) indicated that the pH drop in the acid protease production
might be because of the accumulation of organic acid and
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the residue of sulfate ion in the utilization of ammonium
sulfate. The pH lowering would be prevented when urea
was used as the nitrogen source (Raimbault and Alazard,
1980; Yang, 1988). The pH of the substrate might be maintained with the supplement of alkali, an appropriate salt
(Yang and Yuan, 1990), or other kinds of nitrogen sources
(Nishio et al., 1981; Yang and Huang, 1994). Adenine nucleotide and ATP contents increased with the mycelial growth
and then decreased rapidly in the slow growth period. Energy charge was high at 166 h incubation and then decreased gradually. Karl (1980) reported that energy charges
are high in the log phase for heavy cell growth and low in
the late stationary and decline phases for slow cell growth.
Therefore, energy charge first increased and then decreased
during a long cultivation period.
Protease activity in S. rimosus was produced at the
middle of the exponential growth phase both in submerged
and solid state cultivation. Enzymes produced by S.
rimosus in solid state cultivation were more stable than
those in submerged cultivation and could be temporarily
stored without significant loss of activity. The difference
might be because of cell stability. Cells were still active
for 504 h of incubation in solid state cultivation whereas
some cells lysis were observed for 166 h cultivation in submerged culture (Wang and Yang, 1995; Yang and Wang,
1996). Similar phenomena were also found in protease production of Aspergillus, Rhizopus, and Saccharomyces
(Yang and Chiu, 1986; Yang and Huang, 1994), in the tetracycline production of Streptomyces viridifaciens (Yang
and Ling, 1989) and the oxytetracycline productions of S.
rimosus in submerged and solid state cultivations (Yang
and Yuan, 1990; Yang and Swei, 1996).

Effect of pH and Temperature on Enzyme Activity
Figure 2. Time course of protease and amylase activities of S.
rimosus in solid state cultivation at 28°C with mixing once daily.
(a) pH and cell protein; (b) ATP content and energy charge; (c)
Protease and amylase activities.

Protease and amylase activities were optimal at pH values of 6.0 to 6.7 in both cultivation methods. Protease
activity was very sensitive to pH value, and it decreased
sharply at pH 5.0 or pH 9.1. No enzymatic activity was
found at pH values below 2.6 or higher than 10.1.

Table 1. Effect of pH on the enzyme activity of S. rimosus.
Submerged
pH

Protease

Solid state
Amylase

Protease

Amylase

u (g starch)-1
2.6
5.0
6.0
6.7
7.9
9.1

0.0
6.5
15.0
17.5
12.5
9.0

0.0
258.0
360.1
397.2
254.2
154.2

0.0
6.2
33.6
35.2
19.7
13.2

0.0
1497.1
1568.7
1530.3
1377.1
1370.5

10.1

0.0

6.5

0.0

1277.2

Enzyme is diluted with nine volumes of buffer of different pH, and enzyme activity is measured at 37°C for 20 min for protease, and at
25°C for 3 min for amylase. pH 2.6 is maintained with McIlvaine buffer (0.1 M citric acid and 0.2 M NaH 2 PO 4), pH 5.0 to 6.0 with 0.1
M citric acid  sodium citrate buffer, pH 6.7 to 7.5 with 0.1 M Na 2 HPO 4 and 0.1 M NaH 2PO 4 phosphate buffer, pH 7.6 to 8.5 with 0.1 M
Tris-HCl buffer, and pH 9.1 to 10.1 with 0.1 M glycine-NaOH buffer.
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However, amylase activity was still detectable at pH 10.1
in submerged cultivation, and it was moderate in solid
state cultivation (Table 1). Streptomyces rimosus K-0K02 had serine alkaline protease, leucine aminopeptidase,
and trypsin-like protease that were stable from pH 4.5 to
9.0 (Renko et al., 1981, 1989; Vitale et al., 1986). Amylase

263

activity in solid state cultivation seems more stable with
pH change than that in submerged culture.
Both enzymes had high activities between 35 and 50°C.
Protease and amylase produced in submerged cultivation
had lost some of their activities when the temperature was
higher than 60°C (Table 2). Streptomyces rimosus K-0K02 had a leucine aminopeptidase stable up to 70°C and had
a trypsin-like protease that was stable up to 40°C (Vitale
et al., 1986; Renko et al., 1989). Thermostability of amylase produced in solid state culture was higher than that
of amylase produced in submerged culture (Figure 3). A
similar phenomenon was also found with protease.

Effect of Cultivation Method on Amylases Production

Figure 3. Thermostability of amylase produced in different cultivation methods at pH 6.7 phosphate buffer. (a) Submerged
cultivation; (b) Solid state cultivation. ¡, 40°C; #, 50°C; n,
60°C; l, 70°C.

Alpha-amylase was the major amylase in both cultivation methods while glucoamylase and debranching activity were much lower. Each gram of starch yielded 680 ± 60
units of =-amylase, 65 ± 5 units of glucoamylase, and 20
± 2 units of debraching activity for 24 h of incubation in
submerged cultivation. In solid state cultivation each gram
of starch supported the production of 1,903 ± 268 units of
=-amylase, 227 ± 40 units of glucoamylase, and 85 ± 6 units
of debranching activity for 96 h of incubation. A similar
tendency was also found in the cultivation of
Schwanniomyces occidentalis in starch medium for amylase activity (Horn, 1990).
Alpha-amylase produced in both cultivation methods
had the optimal pH at 5.0 to 6.0. =-Amylase activity in
submerged cultivation was undetectable at pH higher than
9.1 or lower than 2.6 whereas the =-amylase produced in
solid state cultivation had some activities at pH 9.1 or 2.6.
Enzyme production with solid state cultivation is more
convenient than that with submerged culture for the utilization of starchy agricultural products. Hence, it is feasible to apply solid state cultivation as an economic
alternative in producing value-added products and agricultural chemicals during the utilization and treatment of
agricultural by-products.

Table 2. Effect of temperature on the enzyme activity of S. rimosus.
Temperature
(°C)

Submerged
Protease

Solid state
Amylase

Protease

Amylase

27.2
40.1
84.6
88.8
84.8
75.4
57.2
17.3

1890.0
1920.3
2140.2
2230.0
2180.4
2090.2
2050.3
2000.4

u (g starch)-1
25
30
35
40
45
50
60
76

7.0
19.3
44.5
62.5
52.5
42.0
19.0
10.3

570.1
870.2
1090.4
1320.2
1235.5
1060.3
925.3
390.6

Enzyme is diluted with nine volumes of 0.1 M pH 6.7 phosphate buffer. Activity assay duration was 20 min for protease and 3 min for
amylase.
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