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ABSTRACT

In order to produce neutral protease from
Streptomyces microflavus, [t was cullivated in
basal medium containing scluble starch, polassium
nitrate, dipotassium hydrogen phosphale, magne-
sium sulphate, sodium chloride, calcium carbonate
and ferrous sulphates Protease production in-
creased with decreasing the ratio of culture broth
to vessel volume 1:5 and shaking at 150 rpm. Pro-
lease production was low when pH was <5 or=> 9.
The productivity of protease decreased sharply
when the incubation temperature increased from
30 to 45°C. The maximum yield of protease was
obtained at the third day of incubation. Soluble
starch and yeast extract were the best carbon and
nitrogen sources, respectively. Supplementation
with calcium carbonate enhanced protease pro-
duction. In addition, the dipotassium hydrogen
phosphate was the best phosphorous source. Para
chloremercuribenzoic acid and phenyl methylsul-
fonylfloride had significant inhibitory effect on pro-
tease production.

INTRODUCTION

Streptomycetes are Gram-posilive, mycelium-
forming scil bacteria that include many species
and are considered among the most important
producers of antibiotics and enzymes (Edwards,
1993). They are able to degrade many macro-
molecules such as lipids, starch, chitin, xylan, pec-
tin and proteins, Proteolytic cleavage of peplide
bounds is one of the most frequent modifications of
proteins. The responsible enzyme is recognized as
serine proteases, cysleine proteases, aspartic pro-
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teases and metalloproteases (Barrett 1986). Pro-
teases are common among tissues, plants, fungi
and bacteria. Streptomycetes proteases have been
purified and characterised from wvarious sources
(Henderson et al 1987; Bascaran ef al 1990;
Lampel ef al 1992; Aphale and Strohl 1993).
Many workers emphasized that some species of
Sireptomyces can produce prolease (Kang et al
1995; Jain ef al 2003 and Uyeda, 2004).

Proteases represent one of the three largest
groups of industrial enzymes, nearly accounting
60% of lotal worldwide enzyme sales. Proteases
refer to a group of enzymes whose function are to
break down proteins to their basic building blocks
of amino acids and also referred as proteolytic
enzymes or proteinases. Proteases are essential
for physiclogical processes such as cell growth
and death, blood clolling, tumour growth and bone
remodelling. In addition, proteases have many
industrial and agricultural applications such as
processing of leather and wool as in alkaline,
acidic and neutral proteases, food and beverage
production as acidic protease, cheese and baker
manufacture as neulral protease, the detergent
industry, sewage treatment and silver recovery as
alkaline protease, and finally as biological control
of certain diseases. (Vinci, 1993).

The objective of this sludy Is to invesligate the
factors affecting the production of extracellular
neutral protease by Streplomyces microflavus,

MATERIALS AND METHODS
Microorganism

Twenty three streptomycetes isolates from
Egyptian agriculiural soil were identified and
showed proteclytic activity. All the isolates were
examined gquaniitatively for protease production.
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Streptomyces microflavus isolated from the soil of
Plant Island, Aswan, Egypt showed highest neutral
protease production.

Culture medium and growth conditions

Streptomyces microflavus was cultivated at
28°C on a slant of starch-nitrate agar medium.
Spores were harvested with sterile water which
was adjusted to give 10" to 10° spores per mil.
Submerged culture medium contained (g/l) solu-
ble starch 20.0, KNO; 2.0, K:HPO, 1.0, MgS0y
0.5, NaCl 0.5, CaC0; 3.0 and FeS0,.7TH:O 0.001
at pH 7.0-7.2 was used, The broth was inoculated
with 1.0x10° spores per ml and shaken at 28°C
and 150 rotation/min for 3 days.

Protease assay

Protease activity in culture broth was deter-
mined using a modification of Anson's method
(Yang and Huang, 1994). The absorbance of lib-
erated tyrosine in the filtrate was measured at 280
nm. One unit of protease activity was defined as
the amount of enzyme that produced an absorb-
ance at 280 nm equivalent to 1pmol of tyrosine in
one minute under the assay conditions.

Parameters controlling protease production

- Flasks containing 25, 50, 75 and 100 ml of basal
medium were cultivated.

- The culture was inoculated and shaked at 50,
100, 150 and 200 rpm.

- The initial pH of the basal medium was adjusted
with 0.1 mol NaOH or 0.1 mol HCI from pH 4.0 fo
10.0.

- The culture was cultivated for 0, 2, 3, 4, 5, 6 and
7 days, respectively.

- The culture was incubated at 20, 25, 28, 30, 35,
40, 45 and 50 °C.

- The carbon source In the basal medium was
soluble starch which replaced by 2% (wiv) of D-
glucose, D-fruclose, galactose, L-arabinose, lac-
tose, D- mannitol, sucrose and glycerol.

- The optional concentration of potassium nitrate,
used as a nitrogen source, in the basal medium
was changed in equimolar. KNO3z was replaced
by ammonium nitrate, sodium nitrate, ammonium
sulphate, yeast exiract, peptone, casein, cystine
and aspartic acid.

- The concentration of the inorganic salt (calcium
carbonate) in the basal medium ranged from 0.0
to 2.5 g/L.

- The phosphate source in the medium was di-
potassium hydrogen phosphate. It was replaced
in equimolar by potassium dihydrogen phos-
phate, ammaonium phosphate and sodium phos-
phate.

- Different mineral ions such as AgMNOs; CaCls,
MnCl;, ZnCly; and FeS0Oy4 in the concentration of
0.0065 mmol were used.

- Different inhibitors were used such as Tween 80,
Urea, EDTA (Ethylene diamine tetraacetic acid),
P.CMBA (Para chloromercuribenzoic acid) and
PMF S (Phenyl methylsulfonylfloride).

RESULTS
Protease production

Streptomyces microflavus isolates were culti-
vated in different kinds of protease-producing me-
dia. The selected medium previously mentioned in
materials and methods showing the highest prote-
ase aclivity among the other different tested media
(each ml of broth medium contained 0.528 units),
was chosen as the best medium in this study for
protease production.

Parameters controlling neutral protease pro-
duction

1- Volume ratio

Protease production was affected by changes
in volume ratio (Fig. 1). The high productivity was
attained to a volume ratio of 1:25 and 1:50
yielded 0.449 and 0.528 units of protease, respec-
tively. Protease production is significantly de-
creased by increasing volume,
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Fig. 1. Effect of volume ratio on neutral protease
production from Streplomyces microflavus
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2- Shaking

An increase in protease activity was detectad
from static culture (0.087 W/mI) till 100 rpm (0.245
U/ml} as shown in Fig. {2). Abrupt increase in pro-
tease activity was observed at 150 and 200 rpm
(0.528 and 0.508 W/ml, respectively).
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Fig. 2. Effect of shaking on neutral protease pro-
duction from Sireptomyces microflavus

3- Initial pH

Protease activity was undetectable below pH &
and above pH 9 (Fig. 3). Drastic increase in activ-
ity was detected between pH 5 (0.017 Wml) and
pH 6 (0.371 UWml). Protease reached the maximal
yield at initial pH 7.0 {(0.528 U/ml). In addition, sud-
den decrease in protease activity appeared at pH 8
and 8 (0.098 and 0.004 Wml, respeclively).
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Fig. 3. Effect of pH on neutral protease production
from Streptomyces microflavus

4- Incubation temperature

Temperature was an Important factor for prote-
ase activity. Each ml of broth could support 0.513-
0.528 units of protease at temperature 28-30°C
{Fig. 4). The value decreased to 0.1 Uiml of prote-
ase at 45 ’C. Incubation temperature at 50°C
showed completely inhibition on protease produc-
tion.
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Fig. 4. Effect of termperature on neutral protease
production from Streplomyces microflavus

5- Incubation period

Prolease activity was detected only at the 2™
day of incubation period (Fig. 5) in a very weak
aclivity (0.066 U/ml). The maximum yield was ob-
tained at the 3™ day of incubation (0.528 W/ml)
followed by gradually docreasing in activity till the
6" day (0.025 U/ml). No activity was detected at
the 7" day of incubation.
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Fig. 5. Effect of incubation period on neutral prote-
ase production from Streptomyces mi-
croflavus
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G- Carbon sources

The effect of different carbon sources on the
production of protease is shown in Fig. (6). Soluble
starch was the most effective carbon source for
protease production (0.528 Wmil) followed by D-
fructose, galactose, L-arahinose, lactose and D-
mannitol. Sucrose, glucose and glycerol inhibited
protease production,

Moreover, the effect of different concentrations
of starch on the production of protease is illus-
trated in Fig. (7). Completely inhibition of prolease
production was obtained with 5 g/L of starch. In-
creasing of protease production was detected till
20 g/l (0.528 U/ml) followed by gradual decreasing
till 30 g/L (0.30 Wml).

Wml). The other tested nitrogen sources showed
significant differences. Aspartic acid showed the
minimum protease activity (0,180 Uimil).
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Fig. 6. Effect of different earbon sources on neu-
tral protease production from Sereptomyees
microflavis
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Fig. 7. Effect of starch on neutral protease produc-
tion from Streptamyces microflavis

7- Nitrogen sources

The effect of nitrogen sources on protease pro-
duction is presented in Fig. (8). Yeast extract was
the best nitrogen source for protease activity
(0.662 Uiml) followed by potassium nitrate (0.528

Fig. 8. Effect of different nitrogen sources on neu-
tral protease production from Streptomyces
migraflavus

In addition, different concentrations of yeast ex-
tract were used to check their effect on protease
activity (Fig. 9). By increasing the concentration of
yeast extract, the maximum activity of prolease
was noticed at 3.8 g/l (0.726 U/ml). Then protease
activily decreased by increasing the concentration
of yeast extract.
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Fig. 9. Effect of yeast extract on neutral protease
production from Streptomyces microflavus

8- Calcium carbonate (CaC0Os)

The effect of different concentrations of CaCO;
on protease production is shown in Fig. (10). Rela-
tive high production was shown between 2 and 3.5
g/l (0.623 and 0.645 W/ml). The maximum yield
was detected at 3 g/l (0.726 Wiml}.
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Fig. 10. Effect of calcium carbonate on neutral
protease production from Streplomyces
microflavus

9- Phosphate sources

Figure (11) showed the effect of different
sources of phosphate on protease production.
Maximum proteolytic activity secretion cccours with
KaHPQy (0.726 Uiml) followed by KH:PO. and
NMHsH;PO4. The minimum protease activity was
detected with sodium phosphate (0.252 U/ml).

Maoreover, different concentrations of K:HPOy
were tested for neutral protease production (Fig.
12); maximum yield was obtained with 1.0 g (0.726
Uiml). The protease production decreased with
increasing concentrations of dipotassium hydrogen
phosphate from 1.5 g/L (0.515 W/ml} till 2.5 g/L
which showead completely inhibition of protease
activity.
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Fig. 11. Effect of different sources of phosphate on
neutral protease production from Sirepto-
myces microflavus
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Fig. 12. Effect of di-potassium hydrogen phos-
phate on neutral protease production
from Streptomyces microflavus

10- Mineral ions

The effect of mineral ions on neutral protease
production is shown in Flg. (13). Ag" ion inhibit
protease production. The proteolytic production
reaching the maximum activity with supplementa-
tion of Fe** (0.726 Wml) and sharply decreased
with Ca®* (0.363 Wiml), Mn®* (0.173 Wiml) and Zn**
{0.077 Wml), respectively.

Protease activity (U/ml)

Mone Feds Cal+

Mal+  fals  Ag

Mineral ions

1

Fig. 13. Effect of different mineral ions on neutral
protease production from Strepfomyces
microflavus

11- Inhibitors

Effect of different inhibitors on protease produc-
tion is illustrated in Table {1). Concentration of 0.1
mmol of P.CMPA and PMFS inhibit protease activ-
ity. Maximum residual activity was indicated with
Tween 80 at 0.08 and 0.1 mmol concentration (49
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and 45%). About two third of the activity was inhib-
ited by urea from 0.2 till 0.8 mmaol concentrations
(39, 38, 33 and 32%). Residual activity in case of
EDTA ranged from 24 to 7% at 0.08 and 0.6 mmaol,
respectively. Complete inhibition was observed
over 0.8 mmal.

Table 1. Effect of different inhibitors on neutral
protease production from Streptomy-
ces microflfavus

Inhibitars Residual activity (%)

?ﬂnan;. Tweanfd Urea EDTA  P.CMBA  PMFS
0.08 48 42 24 10 5
0.1 45 40 18 0 0
0.2 38 ag 17 ] o
0.4 21 36 14 o ]
0.6 5 33 .0 0
0.8 ¥] a2 0 4]
1.0 0 0 o 0 0

DISCUSSION

Research efforts have been directed mainly
toward physical and nutritional parameters. In ad-
dition, no defined medium has been established for
the best production of proteases from different
microbial sources. Each organism or strain has its
own special conditions for maximum enzyme pro-
duction.

The production of proteases is dependant on
the availability of both carbon and nitrogen sources
in the medium. The present study indicates that
soluble starch was the best carbon source for neu-
tral protease production followed by fructose and
galactose. Increasing of alkaline proteases was
recorded by several workers using different sugars
such as fructose (Sen and Satyanarayana, 1993)
and lactose (Malathi and Chakrabory 1991; De
Azeredo et al 2003). On the other hand, glucose,
sucrose and glycerol showed inhibitory effects on
neutral protease production from Streplomyces
microflavus. Although some carbon and nitrogen
sources showed the stimulating effect on microbial
growth, they had an inhibitory effect on the biosyn-
thesis of primary metabolites because of organic
acid accumulation, oxygen depletion and glucose
catabolic repression. The same phenocmena was
also found in protease production by Strepfomyces
rimosus (Yang and Lee 2001; Seong et al 2004).
The optimum production of neutral protease from

%

Slreptomyces microflavus was detected with 20 g/l
of starch. The high concentrations of starch re-
pressed protease production. The neutral protease
production was inhibited by 5 g/l of starch,

Although complex nitrogen sources are usually
used for protease production, the requirement for a
specific nitrogen supplement, differs from microor-
ganism to the other. Using yeast extract as a nitro-
gen source, which provided several micronutrients,
vitamins and growth promoting factors, stimulated
the production of neutral protease in Sfreplomyces
microflavus. Several researchers also reported that
yeast exiract promoted the biosynthesis of prote-
ase in Sireptomyces sp. (Laluce and Molinari,
1977; Yang and Lee, 2001). Supplementation of
peptone and casein stimulate the microbial growth
and they were hydrolysed to small molecules by
protease. The use of inorganic nitrogen sources
supported a moderate production of protease.

For many years, shaker flasks have heen em-
ployed as the usual tool for laboratory studies with
aerobic microbial processes. There is an increase
correlation between oxygen absorption rate and
flask liquid volume. In the present work, no direct
oxygen measurement was made, but the relation-
ship between the volume of medium and enzyme
secretion suggests the necessity of an adequate
oxygen supply for the biosynthesis of the enzyme
by Strepfomyces microflavus,

Volume ratio of 1:5 (wv) and shaking at 150
rpm were optimal for neutral protease production
from Streptomyces microflavus, High volume ratio
{(1:10) did not favour neutral protease production,
while low volume ratio (1:2.5) postponed the bio-
synthesis of protease. During fermentation, the
aeration rate indirectly indicates the dissolved oxy-
gen level in the fermentation broth, Yegneswaran
and Gray (1991) reported that high concentrations
of oxygen have a stimulating effect on microbial
growth and enzyme production. This indicated that
a reduction in oxygen supply is an important limit-
ing factor for growth as well as protease synthesis.

Streptomyces microflavus had a high metabolic
activity when the initial pH was controlled at 7.0.
The addition of calcium carbonate in the medium
increased protease production due to the regula-
tion of pH for microbial growth and metabolic bio-
synthesis (Vinci et al 1993). K:HPO4 regulate
substrate pH and stimulate protease production.
The culture pH strongly affects many enzymatic
processes and fransport of various components
across the cell membrane (Moon and Parulekar,
1991). Temperature is another critical parameter
that has to be controfled and varied from organism
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to the other. The mechanism of temperature con-
trol of enzyme production is nol well understood
(Chaloupka, 1985). However, studies by Frakena
ef al {1986) showed that a link was existed be-
tween enzyme synthesis and energy metabalism in
bacilli, which was controlled by temperature and
oxygen uptake. The optimal temperature for neu-
tral protease production in Streptomyces microffa-
vus ranged between 28-30°C. Completely inhibi-
tion in protease production delected at 50°C. The
obtained results are in agreement with previous
reports for protease production from streplomy-
cetes (Kim and Lee 1996).

The oblained results indicate thal dipotassium
hydrogen phosphate gave the maximum neutral
protease production. Potassium phosphate has
been used as a source of phosphate in most stud-
ies (Moon and Parulekar 1981; Mao et al 1992).
The best results were obtained on a medium with
disubistituted potassium phosphate when use at
0.1% (whv); increasing of this concenltration
showed a repression in protease produclion. The
same result was reported by Moon and Parulckar
(1991). It is known that the absence of mineral
sources of phosphorus in the medium causcs a
substantial drop in the activity and a decrease in
the intensity of growth of the cullure, which is due
not only to the significance of phosphorous as an
element of nutrition, but also to the buffering of
solutions of its salts.

Divalent metal ions such as iron and calcium
showed maximum neutral protease production
followed by manganese. Ag+ complelely inhibited
the production of neutral protease. The require-
ment for specific metal ions depends on the source
of enzyme (Kumar and Takagi, 1999).

The results indicated completely inhibition of
neutral protease production by P.CMBA and PMFS
at 0.1 mmol. In this regard, PMSF sulfonates the
essential serine residue in the active site and re-
sults in the complete loss of aclivity. This inhibition
profile classifies this prolecase as scring  hy-
drolases. The same resullts were confirmed by
many authors {Meorihara, 1974; Bono ot al 1996).
In addition, protease was found to be metal ion
dependent in view of their sensilivity to metal che-
lating such as EDTA (Dhandapani and Vijayara-
gavan, 1994). Tween B0, the non-ionic detergent
and surfactants inhibited the protease activity at
0.6 mmol.

CONCLUSION

In conclusion, a chemically defined medium
suilable for the production of active, stable ex-

tracellular neutral prolease activity by Strepfomy-
ces microflavus has been developed. The medium
is solely constituted of water-soluble subslances.
The microorganism produces the highest level of
proteolytic activity in excess of carbon sources and
a relative deficiency of nitrogen supply. The secre-
tion of activity depends upon careful control of the
medium pH and eflicient oxygen supply. Streplo-
myces microflavus synthesizes multiple proteases,
serineg and metal required proteases which offer an
interesting potential for enzymatic and/or microbi-
ological hydrolysis at industrial level. Streplomyces
microflavus is a vory promising strain for biotech-
nological application,
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