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ARTICLE; AGRICULTURE AND ENVIRONMENTAL BIOTECHNOLOGY

Characterization of alkaline protease produced by Streptomyces griseorubens E44G and its

possibility for controlling Rhizoctonia root rot disease of corn
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Waleed Mohamed Abdulkhaird, Zakaria Awad Bakae and Khalid Mohamed Ghoneemf

aBotany and Microbiology Department, Faculty of Science, King Saud University, Riyadh, Saudi Arabia; bScience Department,
Teachers College, King Saud University, Riyadh, Saudi Arabia; cPlant Protection and Biomolecular Diagnosis Department, Arid Lands
Cultivation Research Institute, City of Scientific Research and Technology Applications, Alexandria, Egypt; dGeneral Department of
Basic Medical Sciences, Microbiology Department, National Organization for Drug Control and Research, Giza, Egypt; eBotany
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The antifungal activity of Streptomyces griseorubens E44G against Rhizoctonia solani, the causal agent of root rot disease
of corn, was investigated. The mycelial growth of R. solani was inhibited by S. griseorubens E44G, indicating that it has
an antifungal potential. The antagonist, S. griseorubens E44G, was detected to have proteolytic activity, using the method
of casein hydrolysis. Moreover, the protease production was optimized under submerged conditions. The purification and
precipitation of protease were achieved by ammonium sulphate and Sephadex G-100 gel filtration chromatography.
Protease activity was detected spectrophotometrically based on the production of tyrosine. The molecular weight of the
enzyme (35 kDa) was determined by sodium dodecyl sulphate polyacrylamide gel electrophoresis . The optimum activity
of the enzyme was detected at pH 8.5 and 60 �C. The results indicated that the enzyme was thermostable and retained full
activity even after 1 hour of incubation at 60 �C. The purified enzyme substantially inhibited the growth of R. solani,
indicating that this enzyme may be actually involved in the antagonistic process.

Keywords: antifungal; characterization; protease; purification

Introduction

Rhizoctonia solani Kuhn is a soil-borne plant pathogenic

fungus with a wide host range (such as corn, potatoes,

cereals, sugar beet and cucumber) and worldwide distribu-

tion. It causes various plant diseases such as collar rot,

root rot, damping off and wire stem. The pathogen is char-

acterized by genetically isolated populations called anas-

tomosis groups.[1] For instance, isolate AG 2-2 - IIIB of

R. solani is an aggressive root rot pathogen of corn and

sugar beet.[2] Currently, treatment of corn seeds with

chemical fungicides is the most effective method of pre-

venting this disease. However, field application of these

fungicides has been discouraged owing to their toxic

effects on non-target organisms and due to the undesirable

changes they inflict upon humans, animals and the envi-

ronment.[3] Health concerns and environmental hazards

associated with the use of chemical fungicides have

resulted in an increasing interest in biological control as a

promising alternative or a supplemental way of reducing

the use of agro-chemicals.[4] Biological control is an

effective and safe method of controlling plant diseases

using other living organisms.[5]

Many species of actinomycetes, particularly those

belonging to genus Streptomyces, are well known as anti-

fungal biocontrol agents that inhibit the growth of several

plant pathogenic fungi.[6] Proposed mechanisms may

involve physical contact (hyperparasitism) and synthesis

of hydrolytic enzymes (e.g. chitinases and proteases),

toxic compounds or antibiotics, on one hand, and compe-

tition, on the other.[7]

Proteases, in addition to being involved in the antago-

nistic process, play an important role in biotechnology

and are widely used in the tanning industry, in the

manufacturing of biological detergents, meat tenderiza-

tion, peptide synthesis, food industry, pharmaceutical

industry and in bioremediation processes.[8�10]

Microbes are considered a preferred source of proteases

owing to their rapid growth and limited spatial require-

ments for cultivation and amenability to generation of

new enzymes by genetic manipulation for various

applications.[11,12]

There is still insufficient information on naturally

occurring extracellular proteases produced by actinomy-

cetes. However, the large demand of proteolytic enzymes
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encourages the search for new enzyme sources with an

extended range of applications. Screening of protease pro-

ducers such as Streptomyces spp. isolated from different

environments may lead to the discovery of new alkaline

proteases with unique physicochemical characteristics.

In our preliminary studies, we isolated several Strepto-

myces sp. strains from soil in Saudi Arabia and they acted

as antagonists against some plant pathogenic fungi. One

of the promising isolates for antifungal activity was iden-

tified as Streptomyces griseorubens E44G.[13]

The aim of the present study was to purify and charac-

terize the protease produced by the antagonist S. griseoru-

bens E44G and its antifungal potential against R. solani,

the causal agent of root rot disease of corn.

Materials and methods

Micro-organisms

The fungal pathogen was isolated from the roots of natu-

rally diseased corn plants exhibiting typical symptoms of

Rhizoctonia root rot disease. The isolated fungus was

grown on potato dextrose agar (PDA; Difco, USA) plates

and incubated at 28 �C for 4�6 days. Purification of the

resulting fungus was done using the hyphal tip technique.

The strain was then transferred into slants of PDA and

kept at 4 �C for further studies. Pure culture of the isolated

fungus was identified according to the cultural properties

and morphological and microscopical characteristics.[14]

The used Streptomyces isolate was isolated previously

from soil in Saudi Arabia and identified as S. griseorubens

E44G according to Bergey’s Manual of Determinative

Bacteriology [15] based on morphological, biochemical

and physiological characteristics. The identification was

supported by results from 16S rRNA gene sequencing.[13]

Assay of antifungal activity

A 7 mm diameter disk from a 5-day-old culture of S. gri-

seorubens E44G was placed in the centre of a starch

nitrate agar plate inoculated with R. solani. Three repli-

cates were made. The starch nitrate plates were then incu-

bated at 30 �C § 1 �C. The inhibition zone, if any, was

measured in diameter (mm) after 72 h of incubation.

Screening for proteolytic activity

Proteolytic activity was detected by casein hydrolysis on

agar plates containing yeast nitrogen base (Difco, USA)

medium supplemented with 0.5% casein, 0.5% glucose

and 2% agar (w¢v¡1), pH 7.0.[16] The plates were incu-

bated at 28 �C for 7�8 days. Enzyme activity was indi-

cated by the formation of a clear zone around colonies

after precipitation with 1 mol¢L¡1 HCl solution. A

commercial protease solution (Sigma P-4032) at 0.001%

(w¢v¡1) was used as the positive control.

Growth and culture conditions

Cultures of S. griseorubens E44G were grown in Erlen-

meyer flasks containing 500 mL of liquid culture medium

(w¢v¡1) [1% glucose, 0.2% peptone, 0.3% yeast extract,

0.1% beef extract, 2.5% wheat bran as a substrate]. The

culture was then incubated for 72 h with agitation

(150 r¢min¡1) at 30 �C. At the end of the incubation

period, the cell-free extract was obtained by centrifugation

at 10,000 r¢min¡1 for 15 min and the pelleted cellular

mass was discarded.

Enzyme activity assay

Protease activity in the culture supernatant was deter-

mined using casein as a substrate, according to the method

of Tsuchida et al.[17] Enzyme activity was determined by

incubating 250 mL of the culture supernatant with 500 mL

of 1% (w¢v¡1) casein sodium salt (Sigma) in 50

mmol¢L¡1 buffer (pH 7) for 20 min at 40 �C. The reaction
was stopped by the addition of 1 mL of 20% (w¢v¡1) tri-

chloroacetic acid and incubation at room temperature for

15 min. Then, the reaction mixture was centrifuged to sep-

arate the non-reacted casein at 10,000 r¢min¡1 for 5 min.

The supernatant was mixed with 2.5 mL of 0.4 mol¢L¡1

Na2CO3 and 1 mL of 3-fold diluted Folin�Ciocalteu phe-

nol reagent was added. The resulting solution was incu-

bated at room temperature in the dark for 30 min and the

absorbance of the blue colour developed was measured at

660 nm against a reagent blank using a tyrosine standard.

[18] One unit (U) of enzyme activity was defined as the

amount of enzyme that, under the assay conditions

described, gives rise to an increase of 0.1 units of absor-

bance in 1 h at 30 �C.[19]

Determination of protein content

To determine the protein content, a standard curve of pro-

tein concentration was generated using Coomassie Bril-

liant Blue (CBB) and bovine serum albumin (BSA),

according to Bradford.[20] The absorbance was plotted

against the protein content. The protein content of the

unknown sample was calculated from the standard curve.

Enzyme purification

Ammonium sulphate precipitation

Protein content was precipitated in the supernatant by

adding dry ammonium sulphate to 70% final concentra-

tion. The solution was centrifuged at 8,000 r¢min¡1 for

20 min. All subsequent steps were carried out at 4 �C. The
protein pellet was resuspended in gel permeation buffer

(50 mmol¢L¡1 NaH2PO4, 150 mmol¢L¡1 NaCl,
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1 mmol¢L¡1 ethylenediaminetetraacetic acid; pH 7), and

dialyzed overnight against the same buffer.

Sephadex G-100 gel filtration chromatography

The dialysate was loaded onto a Sephadex G-100 column

(2.4 cm £ 75 cm) equilibrated with a gel permeation

buffer. The flow-rate was 1 mL¢min¡1 and 4 mL fractions

were collected continuously after the starting point of elu-

tion (V0) was reached. After screening the fractions for

protease activity, the contents of positive tubes corre-

sponding to a single peak were pooled (F10 and F11).

Sodium dodecyl sulphate-polyacrylamide gel electropho-

resis (SDS-PAGE)

Protease samples were subjected to electrophoresis in

polyacrylamide gels (12 %) under denaturing conditions,

according to Laemmli.[21] After electrophoresis, gels

were stained with staining solution (10% acetic acid, 25%

methanol, 0.25 g¢L¡1 CBB G-250) overnight and

destained in 30%�10% methanol and acetic acid over-

night. Standard proteins served as markers for molecular

mass (Fermentas). The molecular mass standards were

BSA (66.2 kDa), ovalbumin (45 kDa), lactate dehydroge-

nase (35 kDa), REase Bsp98 (25 kDa), a-lactalbumin

(18.4 kDa) and lysozyme (14.4 kDa).

Characterization of protease enzyme

pH stability

The activity of the crude protease was measured at differ-

ent pH values. The pH was adjusted using the following

buffers (0.05 mol¢L¡1): phosphate (pH 5.0�7.0), Tris-

HCl (pH 8.5) and sodium acetate (pH 4.0�6.0). Crude

protease (100 mL) was mixed with 2 mL of the buffer and

incubated at 37 �C for 30 min, and the activity of the

enzyme was measured.

Thermal stability

Thermal stability of the crude enzyme was determined by

incubating the enzyme at different temperatures (37, 50,

60, 70 and 80 �C) for 30 min at the optimum pH (8.5) and

then the activity of the enzyme was determined.

Assay of antifungal activity of the purified enzyme

The antifungal activity of the purified enzyme was tested

by the disc diffusion method. The tested fungi were pre-

cultured on PDA medium and adjusted at 105 cfu¢mL¡1,

then added to PDA plates before solidification. Filter-

paper discs (7 mm in diameter) impregnated with the puri-

fied enzyme solution were placed on plates inoculated

with the test organism. Three replicates were used. The

activity was determined after 72 h of incubation at 28 �C.
The diameters (mm) of the inhibition zones were

measured.

Results and discussion

Assay of antifungal activity

In the present study, S. griseorubens E44G inhibited the

growth of R. solani with an inhibition zone of 25 mm,

indicating its antifungal potential (data not shown). This

result is in agreement with that of Al-Askar et al. [4], who

assayed the antifungal activity of 40 actinomycete isolates

against R. solani. The antifungal activity of streptomy-

cetes is commonly attributed to the production of antifun-

gal compounds [22,23] and/or extracellular hydrolytic

enzymes.[24,25]

Screening for proteolytic activity

The result obtained from the proteolytic assay revealed

that protease activity contributed to the aggressive nature

of the tested isolate of S. griseorubens E44G. A clear

zone was observed around the disc of the antagonist,

which is indicative of casein hydrolysis (Figure 1). Acti-

nomycetes, particularly Streptomyces spp., are known to

be good protease producers.[26,27] The protein substrate

and the composition of the medium could considerably

influence the extracellular protease production.[28]

Figure 1. Proteolytic activity of S. griseorubens E44G on
casein agar plate.
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Purification of protease enzyme

An extracellular alkaline protease was partially purified

from the culture filtrate of S. griseorubens E44G, using

the ammonium sulphate precipitation method. Maximum

precipitation of protease content was reached at saturation

of 70% of ammonium sulphate, giving the highest proteo-

lytic and specific activities compared with the crude prote-

ase and other concentrations (Table 1). Therefore,

precipitation of protease with this percentage of saturation

was adopted as standard precipitation. By using the

ammonium sulphate method for protease precipitation,

proteases from S. albidoflavus are precipitated by 45%

saturation [29] and proteases from S. alboniger, by 40%

saturation.[30]

After ammonium sulphate precipitation, the pellet was

dialyzed and loaded onto a Sephadex G-100 column. The

fractions were tested for protease activity and the active

fractions (nos. 10 and 11) were pooled (Figure 2). The elu-

tion profile of the enzyme solution is shown in Figure 2.

Reports on the purification of proteases by different affin-

ity chromatographic methods show that Sephadex is com-

monly the method of choice for separation of proteases.

[31�33] For example, Hatanaka et al. [34] reported that

Sephadex G-75 was used for the purification of proteases

from S. albidoflavus.

SDS-PAGE analysis showed four bands with a rela-

tive molecular mass of approximately 40, 35, 25 and

18 kDa (data not shown), while the purified protease

showed a single band. This result suggested that several

proteases were present in the culture filtrate of S. griseoru-

bens E44G. The pooled fraction was re-purified again

using column chromatography (Sephadex G-100) and one

fraction was positive for protease activity. The purified

enzyme showed a single band in SDS-PAGE, indicating

that the preparation was homogeneous (Figure 3). The

molecular mass of the purified protease was 35 kDa. On

the basis of these data, protease recovery and specific

activity were calculated. Table 1 gives a summary of these

data from a representative run.

pH stability

The effect of pH on the protease activity was determined

in the pH range of 6�11. The enzyme activity increased

gradually with increasing the initial pH and reached an

Table 1. Purification of protease from S. griseorubens E44G.

Fraction
Protein

concentration (mg)�
Protein

(mg¢mL¡1)
Specific activity
(U¢mg¡1)��

Recovery
(%)���

Crud extract 13 12 1.4 100

Ammonium sulphate (70%) 57 20.5 2.7 55

Sephadex G-100 49.7 5 9.9 88

Note: Results from a representative run.
�The amount of protein in parentheses is the amount which was actually subjected to the next column.
��Protease activity was determined by a spectrophotometric assay based on tyrosine production from the linear part of the curve.
���Total recovery means the amount of protein after casein hydrolysis.

Figure 2. Elution profile of alkaline protease of S. griseorubens
E44G via Sephadex G-100 column chromatography.

Figure 3. SDS-PAGE of partially purified alkaline protease
from S. griseorubens E44G. M: molecular weight standard;
Lane 1: partially purified alkaline protease.
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optimum at pH 8.5 (Table 2). Further increase in pH led to

a reduction in the enzyme activity. The effect of acidic pH

(< 6) could not be determined, since casein precipitates at

acidic conditions. This fact made it difficult to explore the

enzyme activity over the whole pH range, and the pre-

sented data do not exclude the possibility that the enzyme

could be most active at pH values lower than 6. Many

Streptomyces spp. have been reported to produce high lev-

els of alkaline protease in culture media with pH ranging

between 7 and 8.5.[33,35]

Thermal stability

The results from the experiments on the thermal stability

of the purified protease showed that considerable enzyme

activity was observed in the range of 60�70 �C (Table 3).

The optimum temperature for alkaline protease was found

to be 60 �C and the activity decreased with further

increase in the incubation temperature. The results in

Table 3 show that the purified protease was almost stable

at 60 �C even after 30 min of incubation. Earlier, an extra-

cellular protease from Actinomyces sp. was shown to have

high optimal temperature ( � 40 �C), thus indicating that

it requires a heated environment for optimum activity.[36]

A slightly higher (50 �C) optimal temperature has also

been reported for S. pseudogrisiolus NRC-15.[37] The

thermostability property of the enzyme purified in our

study can be an advantage for use in industrial processes.

Antifungal activity of the purified enzyme

The results from the disc diffusion method showed a

clear inhibition zone (3 mm), confirming the antifungal

activity of the purified protease. The potential of the

purified enzyme to inhibit R. solani growth in vitro indi-

cates that this enzyme may play a role in the antagonis-

tic interaction between S. griseorubens E44G and R.

solani. However, other mechanisms may also contribute

to the aggressive nature of S. griseorubens E44G, such

as production of another inhibitory metabolite (an anti-

biotic/antifungal or a hydrolytic enzyme) or competition

between the bacterium and the fungus for nutrients and

space. Further studies on molecular characterization of

the protease produced by S. griseorubens E44G, and its

possible participation in the antagonistic process are

underway.

Conclusions

In this study, the antifungal activity of S. griseorubens

E44G against R. solani was investigated. A protease

enzyme produced by S. griseorubens E44G demonstrated

marked inhibitory effects against the pathogenic fungus.

The purified protease was thermo-stable and retained full

activity even after 1 hour of incubation at 60 �C. It showed
optimum activity at pH 8.5 and 60 �C. These optimized

conditions can be implemented for alkaline protease pro-

duction on industrial scale.
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