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Chitinolytic Streptomyces griseorubens E44G enhances
the biocontrol efficacy against Fusarium wilt disease of tomato
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Abstract Streptomyces griseorubens E44G is a
chitinolytic bacterium isolated from cultivated soil in
Saudi Arabia (a hot, arid climatic region). In vitro, anti-
fungal potential of S. griseorubens E44G was assessed
against the phytopathogenic fungus, Fusarium
oxysporum f. sp. lycopersici (the causative agent of the
Fusarium wilt disease of tomato). An inhibition zone of
24 mm was recorded. The chitinolytic activity of
S. griseorubens E44G was proved when the colloidal
chitin agar plate method was used. A thermostable
chitinase enzyme of 45 kDa molecular weight was
purified using gel filtration chromatography. The opti-
mum activity was obtained at 60 °C and pH 5.5. The
purified enzyme has shown a very pronounced activity

Y. M. Rashad (PX) - E. E. Hafez

Plant Protection and Biomolecular Diagnosis Department, Arid
Lands Cultivation Research Institute, City of Scientific Research
and Technological Applications, Alexandria, Egypt

e-mail: younesrashad @yahoo.com

A. A. Al-Askar

Botany and Microbiology Department, Faculty of Science, King
Saud University, Riyadh, Saudi Arabia

e-mail: aalaskara@ksu.edu.sa

K. M. Ghoneem

Department of Seed Pathology Research, Plant Pathology
Research Institute, Agricultural Research Center, Giza, Egypt
e-mail: khalid ghoneem @yahoo.com

W. L. A. Saber

Microbial Activity Unit, Microbiology Department, Soils, Water
and Environment Research Institute, Agricultural Research
Center, Giza, Egypt

e-mail: wiasaber @gmail.com

against the phytopathogenic fungus, F. oxysporum. The
molecular characterization of the chitinase gene indicat-
ed that it consists of 1218 bp encoding 407 amino acids.
The phylogentic analysis based on the nucleotide DNA
sequence and the deduced amino acids sequence
showed high similarity percentages with other chitinases
isolated from different Streptomyces species. In the field
evaluation, application of both S. griseorubens E44G
treatments significantly increased all tested growth and
yield parameters and decreased the disease severity
compared with the infected-untreated tomato plants sug-
gesting potential as a biocontrol agent.

Keywords Actinomycetes - Bio-control - Chitin - N-
acetylglucosamine - Optimization - Tomato

Introduction

Fusarium wilt, caused by Fusarium oxysporum f. sp.
lycopersici, is one of the most serious diseases of tomato
over the world. It causes significant damages to the
plant, leading to a high economic loss in tomato yield
(Suarez-Estrella et al. 2007). Chemical fungicides, such
as azoxystrobin, benomyl, prochloraz, and
carbendazim, are available, but the use of the chemical
fungicides is undesirable due to their negative effects on
non-target organisms, human, and animals (Arcury and
Quandt 2003). Biological control represents an alterna-
tive safe and potential option for plant diseases manage-
ment (Gnanamanickam 2002).
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Chitinases are glycosyl hydrolase enzymes which
catalyze the hydrolytic cleavage of the (-1,4-linkages.
Chitinases gained much significance due to the fact that
they have a vast bio-processing and biotechnological
aspects. In agriculture, they have a potential application
in the biological control of the phytopathogenic fungi.
Their antifungal activity is attributed to the hydrolytic
effects on chitin, which constitutes the main structural
component of fungi. Chitinase enzyme is known to be
produced by several organisms, including bacteria and
actinomycetes (Brzezinska et al. 2013; Saber et al.
2015), fungi (Karthik et al. 2014), plants, invertebrates
and vertebrates (Siroski et al. 2014). Streptomyces
strains are considered as the major producers of
chitinases in soil. Due to their antifungal activity,
Streptomyces strains have been widely studied as bio-
logical control agents against different plant pathogenic
fungi (Al-Askar et al. 2011; Alekhya and
Gopalakrishnan 2014; Al-Askar et al. 2015a).

In our previous researches, several actinomycetal
strains isolated from soil in Saudi Arabia were screened
for their antifungal potential. One of the promising
chitinase producing isolates was identified as
S. griseorubens E44G (Al-Askar et al. 2014; Al-Askar
et al. 2015b). This study deals with 1) in vitro screening
of S. griseorubens E44G for antifungal potentiality
against the phytopathogenic fungus F. oxysporum, 2)
purification and characterization of the chitinase en-
zyme from S. griseorubens E44G, and 3) evaluation of
its application for the possible use as a biocontrol agent
against Fusarium wilt disease of tomato under field
conditions.

Materials and methods
Microorganisms

The fungal pathogen was isolated from tomato plants
showing the Fusarium wilt disease symptoms. The
pathogenic fungus was cultured on plates containing
potato dextrose agar medium (PDA) (Difco, Detroit,
MI, USA, Cat. No. 213400) and incubated for 72 h at
25 + 2 °C, then purified using single spore technique.
Identification of the fungal pathogen was done accord-
ing to its cultural and morphological characteristics
(Domsch et al. 1980). Stock cultures of F. oxysporum
were kept on slants of PDA at 5 °C.
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In a previous study, the used bacterial strain was
isolated from a cultivated soil sample collected from
Saudi Arabia. Identification of the isolated bacterium
(S. griseorubens E44G) was done according to the
morphological, biochemical and physiological charac-
teristics (Buchanan and Gibbons 1974) and molecularly
confirmed using 16S rRNA gene (Al-Askar et al. 2014).
Stock culture of the bacterium was maintained on starch
nitrate/NaCl slants at 4 °C.

Screening for antifungal potentiality

Starch nitrate agar plates (3 replicates) inoculated with
F oxysporum as a spore suspension before solidification
were prepared. In the centre of the plate, a disk (6 mm
diameter) from a newly grown culture of
S. griseorubens E44G was placed and incubated at
31 °C. The antifungal potentiality was recorded in the
form of a clear zone, if any, after 3 days of incubation.

Assay for chitinolytic potentiality

Chitinolytic potentiality was assessed using colloidal
chitin agar plate (Mitsutomi et al. 1995) containing
0.1% colloidal chitin and 1.5% agar and incubated at
31 °C. After 72 h, the development of a clear zone
around the disc was observed.

Culturing conditions

A culture of S. griseorubens E44G was cultured on ISP-
2 broth media containing chitin (5 g.Lfl, HiMedia,
India, Cat. No. 1398-61-4) as a substrate and the pH
was adjusted to 7. The bacterial culture was incubated at
31 °C for three days with agitation (150 rpm), and then
centrifuged at 8000 rpm for 15 min at 5 °C. Using a
sterile 0.45 Millipore filter membrane, the supernatant
was filtered and then kept at 5 °C for further purification
of the chitinase.

Chitinase activity assay

The chitinase activity in the culture supernatant and at
all purification steps was estimated as described by
Khan et al. (2010). The reaction solution for the
chitinase activity contained 50 mM acetate buffer;
1 mL, 5% colloidal chitin; 1 mL at pH 5 and crude
enzyme; 1 mL, and incubated at 50 °C for 1 h. To stop
the reaction, boiling for 15 min was done then the
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solution was centrifuged for 15 min at 5000 rpm. The
chitinase activity was measured spectrophotometrically
at 540 nm using a spectrophotometer (UV-260,
Shimadzu, Japan) based on the concentration of released
GlcNAc (Monreal and Reese 1969). The quantity of
enzyme that produces 1 mM.min " of GIcNAc under
the described assay conditions was considered as the
unit of chitinase activity.

Preparation of colloidal chitin

The colloidal chitin was prepared according to Khan
etal. (2010). In 250 mL of conc. Hydrochloric acid, 20 g
of chitin powder was dissolved with continuous stirring
at 5 °C for 1 h. To remove the excess of the acid, the
chitin was washed by distilled water 5 times, then fil-
tered using filter paper. The collected colloidal chitin
was kept as a paste at 5 °C.

Estimation of protein content

Estimation of the protein content was done as described
by Bradford (1976). The reaction mixture was com-
posed of the enzyme sample; 10 p.mL™', Bradford
solution; 990 p.mLf1 (Coomassie Brilliant Blue
G-250, Serva, Heidelberg, Germany, Cat. No.
17524.01) and adjusted to volume of 200 mL using
distilled water. After 3 min, the absorbance was record-
ed using a spectrophotometer at 595 nm. For blank
sample, 0.9% NaCl (10 p.mL™") was used. To make
the standard curve, Bovine serum albumin (Sigma,
USA, Cat. No. A9056) was used.

Purification of chitinase
Enzyme precipitation

Using ammonium sulphate (70%) the protein content
was precipitated in the supernatant. The crude enzyme
was continuously stirred using magnetic stirrer and kept
at 5 °C for 12 h, then centrifuged at 8000 rpm for
20 min, then the pellet was collected and resuspended
in sodium acetate buffer (pH 5) and dialyzed overnight.

Gel filtration chromatography
The re-suspended protein pellet was filtrated by filter

(0.45 um pore size) then loaded into a Mono Q column
(GE Healthcare Life science, Piscataway, NJ, USA)

using 50 mM sodium acetate buffer at pH 5. Fractions
(3 mL) were collected with flow rate of 1 mL.min .
After the assessment of the collected fractions for
chitinase enzyme, the positive fractions were pooled
and loaded into a column of Sephadex G-100 (Sigma,
USA, Cat. No. G100120) using 50 mM sodium acetate
buffer at pH 5 with NaCl (100 mM) at 0.5 mL.min !

flow rate.

Sodium dodecyl sulphate polyacrylamide gel
electrophoresis (SDS-PAGE)

The purified chitinase enzyme was subjected to poly-
acrylamide gel electrophoresis as described by Laemmli
(1970). Gels were then stained over night (Coomassie
Brilliant Blue G-250; 0.25 g.mLﬁl, methanol; 25% and
acetic acid; 10%) and then destained in 25% methyl
alcohol and acetic acid for 12 h. Standard proteins were
used as markers (Fermentas Life Science, CA, USA).

Characterisation of chitinase enzyme
Effect of pH on chitinase activity and stability

The optimum pH for chitinase enzyme was estimated by
varying the pH value of the reaction mixture between 3
and 9.5 at 0.5 pH unit intervals. To adjust the pH value
the following buffers were used (Tris-HCI buffer
(50 mM) for pH 8-9.5, phosphate buffer (S0 mM) for
pH 7, and acetate buffer (50 mM) for pH 3-6). For
estimation of the enzyme activity, 2 mL of the buffer
was added to the enzyme solution (100 mL) and incu-
bated at 36 °C for 31 min. pH stability of the chitinase
was estimated by incubation of the enzyme solution at
different pHs at the same temperature without the sub-
strate for 1 h.

Effect of temperature on chitinase activity and stability

To determine the optimum temperature for the chitinase
activity, the reaction mixture was incubated at the best
pH (5.5) at different temperatures (20—-80 °C) for
35 min. Thermal stability of the purified enzyme was
determined by estimating the residual enzyme activity
after the incubation at the previous temperatures at
pH 5.5 for 1 h without the substrate.
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Antifungal potential of the purified enzyme

The antifungal potential was estimated for the purified
enzyme using the agar well diffusion method
(Taechowisan et al. 2003). A spore suspension of the
tested fungi was prepared and adjusted at the concentration
of 10° spore.mL™" and inoculated to PDA plates before
solidification. Wells (7 mm diameter) were made into the
agar plate using sterile cork borer. Enzyme solution
(50 pL) was added to the wells and heat boiled enzyme
solution was used as a control with triplicate replicates.
Enzyme activity was estimated after 3 days of incubation
at 25 £ 2 °C as the diameter of the inhibition zone.

Molecular characterization of chitinase gene

Chitinase gene amplification using specific PCR,
cloning and sequencing

Total DNA from S. griseorubens E44G was extracted
using DNA extraction kit (Qiagen, USA) according to
the manufacturer’s instructions. To amplify the chitinase
gene, the extracted DNA was subjected to PCR amplifi-
cation according to Taechowisan et al. (2004) using two
oligonucleotide primers designed based on the family 19
chitinase genes of Streptomyces sp. (5" TTGACCCA
GTGGTCCAGACC °3) and (5 GTGTGCTG
CTCACGCCAG ‘3). The purified PCR product was
cloned into pCR™2.1-TOPO® vector (TA Cloning
Kit, Invitrogen, USA) according to the manufacturer’s
instructions. The ligation reaction product was trans-
ferred into Escherichia coli (DH5x) cells and the recom-
binant colonies were selected by blue/white screening
(Maniatis et al. 1987). The plasmid DNA extracted from
one white colony was subjected to DNA sequencing
using ABI Prism 310 automated DNA sequencer
(Applied Biosystems, USA). The obtained sequence
was subjected to NCBI-BLAST searches and aligned
with other similar sequences from GenBank using
ClustalX (Thompson et al. 1997), BioEdit (Hall 1999)
and MEGA 6 software (Tamura et al. 2011). For amino
acids characterization, ExPASy proteomic tools were
used to investigate the open reading frames (ORF), ami-
no acids number and percentage and the isoelectric point.

Field evaluation

The experiment was conducted under naturally infected
soil conditions in a field with a known Fusarium wilt
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history. The experimental unit (plot) was an area of
3 x2m? containing 6 rows. One meter was skipped
between plots on the same row (alleyway). Aisle (50-cm
width tractor road) was skipped between blocks. The
plots were ploughed well, all weeds removed, and soil
was leveled. Nitrogen and phosphorous fertilizers were
applied as recommended. Thirty-day old seedlings were
transplanted. The experiment was laid out in a random-
ized complete block design. The treatments can be sum-
marized as follow: pathogen only (P), pathogen + chem-
ical fungicide (PF), pathogen + spore suspension of
S. griseorubens E44G (PS), and pathogen + cell-free
culture filtrate of S. griseorubens E44G (PA). Before
transplantation, roots of tomato seedlings were im-
mersed for 1 h in a spore suspension of S. griseorubens
E44G at concentration of 10° spore.mL ™", cell-free cul-
ture filtrate or the chemical fungicide (Rhizolex-T) at the
recommended dose (3 g L™"). For the negative infected
control treatment, roots of tomato seedlings were im-
mersed in plain water before the transplanting. Four plots
were used for each treatment. Application of the bio-
control treatments were repeated 10, 25 and 40 days after
the transplantation as soil drench.

The disease severity was assessed according to the
criteria developed by Epp (1987). Six weeks after the
transplantation, 15 plants of each treatment were care-
fully pulled out with the entire root system, washed and
evaluated for the growth parameters (plant height, plant
fresh and dry weights, and leaves number). At physio-
logical maturity, tomato fruits from each plot were har-
vested and weighed separately to determine fruit yield.

Statistical analysis

The statistical analysis software “CoStat 6.311” was
used for all statistical analyses. Significant differences
among treatments means were determined with
Duncan’s New Multiple Range Test.

Results and discussion
Antifungal activity of S. griseorubens E44G

In vitro, antifungal potential of S. griseorubens E44G
was assessed against the phytopathogenic fungus,
FE oxysporum. After 72 h of incubation, the growth of
FE oxysporum was inhibited in the form of an inhibition
zone of 24 mm (Fig. 1). This result is in accordance with
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that of Alekhya and Gopalakrishnan (2014) who
screened 27 actinomycete isolates for their antagonistic
potential against fungal pathogens and recorded that
eight isolates showed a broad-spectrum antagonistic
activity in dual-culture assay. This antagonistic nature
may be attributed to hyperparasitism, antibiosis and/or
production of hydrolytic enzymes (Viterbo et al. 2007).

Screening for chitinolytic activity

An inhibition zone was recorded around the disc of the
tested isolate indicating the chitin hydrolysis. This result
proved that the chitinolitic activity is contributed to the
antagonistic nature of S. griseorubens E44G.
Streptomyces strains are considered as the major
chitinases producers in the soil. Several chitinolytic
enzymes with varying extents have been reported
from different Streptomyces strains including
S. rimosus, S. griseus, S. plicatus, S. lividans, and
S. halstedii (Brzezinska et al. 2013; Alekhya and
Gopalakrishnan 2014).

Purification of chitinase

Purification of the extracellular chitinase enzyme of
S. griseorubens E44G was done by protein precipitation
and gel filtration chromatography methods. At each
stage, the protein content and the enzyme activity were

Fig. 1 Antifungal potential of S. griseorubens EA4G against the
phytopathogenic fungus F. oxysporum

assessed (Table 1). The crude enzyme showed a specific
activity of 18.2 U.mg ' while, ammonium sulfate pre-
cipitated enzyme showed a specific activity of
34.7 U.mg ' with purification fold of 1.91. Maximum
precipitation of chitinase enzyme was obtained at 70%
of ammonium sulphate, showing the highest chitinolytic
activity in comparison with the crude enzyme and other
concentrations (data not shown).

Enzyme purification using a Mono Q column
disclosed a specific activity of 92 U.mg ™' with purifica-
tion fold of 2.65. After screening of the fractions for
chitinase enzyme, the contents of positive tubes were
loaded into sephadex G- 100 column. The elution pro-
file of the chitinase solution is illustrated in Fig. 2.
Among the collected fractions, the active fraction (No.
16) showed the highest specific activity of
385.6 Umg ' with purification fold of 4.19. Kavitha
and Vijaylakshmi (2011) recorded a specific activity of
37.4 U.mg ' with purification fold of 2.96 for chitinase
enzyme from S. tendae TK-VL 333 after sephadex
G-100 purification. On the other hand, according to
the study of Rabeeth et al. (2011), chitinase of
S. griseus MTCC9723 purified by sephadex G-100
column expressed a specific activity of 15,500 U.mg '
and purification fold of 9.3.

Molecular weight of the purified chitinase

Using SDS-PAGE analysis, the homogeneity of the
purified chitinase from S. griseorubens E44G was con-
firmed showing a single protein band of ~45 kDa
(Fig. 3). This finding is in agreement with that reported
in previous studies, where chitinases of 45 kDa molec-
ular mass were reported by Narayana and Vijayalakshmi
(2009) from Streptomyces sp. ANU 6277 and by
Kavitha and Vijaylakshmi (2011) from S. fendae TK-
VL 333. Different molecular weights ranged between 20
and 90 kDa have been reported for chitinase enzymes.
Similar to the plant chitinases, bacterial chitinases have
a molecular weight range of 2065 kDa, but are smaller
than insect chitinases (40—85 kDa) (Bhattacharya et al.
2007). Chitinase enzymes obtained from different
Streptomyces were reported to have varied molecular
weights as 29 kDa from Streptomyces sp. TH-11 (Hoang
et al. 2011), 32 kDa, 34 kDa from S. griseus MTCC
9723 (Rabeeth et al. 2011), 45 kDa from Streptomyces
sp. ANU 6277 (Narayana and Vijayalakshmi 2009), and
65 kDa from S. violascens NRRL B2700 (Gangwar
et al. 2016) by SDS-PAGE analysis.
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Table 1 Purification steps of chitinase enzyme from S. griseorubens E44G

Purification Step Total protein Total activity™ Specific activity Purification
(mg) (Unit) (Umg™h (Fold)

Crud 560 10,192 18.2 1

Ammonium sulfate 74.6 2588.6 34.7 1.91

Mono Q column 10.3 947.6 92.0 2.65

Sephadex G-100 2 771.2 385.6 4.19

* Chitinase activity was determined as described by Khan et al. (2010). One unit is the amount of enzyme which releases 1 mM.min ' of

GIcNACc under the described conditions

Characterization of chitinase enzyme

Effect of pH on the activity and stability of chitinase
enzyme

Data illustrated in Fig. 4 represent the effect of pH
value on the activity and stability of the purified
chitinase in the pH range of 3-9.5. The enzyme
activity increased with the increment of the pH
value and exhibited the most activity at pH 5.5
(Fig. 4). Further increment in pH led to a reduction
in the chitinase activity. However, beyond this pH
value, chitinase activity rapidly declined. The en-
zyme was stable from pH 4-7, maintaining at least
65% activity. Many Streptomyces chitinases have
been reported to show their optimum activity in
acidic pH range (Rabeeth et al. 2011; Thiagarajan
et al. 2011).

Fig. 2 Chromatogram of the 23

chitinase enzyme from

S. griseorubens E44G on
Sephadex G-100 column
chromatography

Protein absorbance at 280 nm

0.5

0

Thermal stability of the purified enzyme

Figure 5 illustrated the activity of the purified enzyme at
various temperatures. Chitinase enzyme of
S. griseorubens E44G exhibited a considerable activity
in the range of 3070 °C. The optimum temperature was
recorded as 60 °C after which, the enzyme activity
decreased with further increase in the incubation tem-
perature. The chitinase enzyme retained more than 90%
activity in the range of temperature from 30 to 60 °C
suggesting that the enzyme is stable up to 60 °C. The
thermo stability property of the chitinase enzyme of
S. griseorubens E44G provides an important feature
on the industrial scale. In accordance with our results,
Nagpure et al. (2013) reported the optimum temperature
of 60 °C for chitinase production from S. violaceusniger
MTCC 3959. On the other hand, Rabeeth et al. (2011)
recorded 40 °C as the optimum temperature and stability

12345678 91011121314151617 181920212223 242526272829 3031 3233 34 3536 37 38 39
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M |

66 kDa
45 kDa

36 kDa

24 kDa

Fig.3 SDS-PAGE of purified chitinase of S. griseorubens E44G.
M: Standard protein marker; Lane 1: purified chitinase enzyme

from 20 to 50 °C for chitinase production from
S. griseus MTCC9723.

Antifungal activity of the purified enzyme

A clear zone of inhibition (30 mm) was recorded
(Fig. 6), while the inactivated enzyme did not show
any inhibition. Chitinase producing organisms could
be used in biological control of plant pathogens directly
using their metabolites or genes. Mukherjee and Sen
(2006) recorded significant growth inhibitions for
Aspergillus niger, Helminthosporium sativum and
Alternaria alternata using purified chitinase from
S. venezuelae P10. The same result was obtained by
Ghasemi et al. (2010) against Rhizoctonia solani,
Stemphyllium botryosum, Bipolaris sp. Nigrospora sp.,
and Verticillium sp.

Molecular characterization of chitinase gene

The chitinase gene from S. griseorubens E44G showed
a nucleotide sequence of 1218 bp, it was deposited in
GenBank under accession no. (KJ466124). This result is
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Fig. 4 Effect of pH on activity and stability of chitinase enzyme
from S. griseorubens E44G

in agreement with that reported by Gherbawy et al.
(2012) who isolated chitinase gene with a molecular
size of 1.4 kb from Streptomyces spp. The nucleotide
sequence similarity analysis using BLAST revealed
similarity percentages ranged from 95 to 100% with
the other chitinases listed in the GenBank. Based on
the DNA nucleotide sequences, the phylogentic tree was
constructed using 6 different chitinase genes (all of them
were isolated from different Streptomyces strains)

200 1
180 1
160 4
140
120 4
100 1

80 1

Chitinase activity (%)

60 1

40 -

20 1

20 30 40 50 60 70 80
Temperature (°C)

Fig. 5 Effect of temperature on the activity and stability of
chitinase enzyme from S. griseorubens E44G
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Fig. 6 Antifungal activity of the purified chitinase enzyme from
S. griseorubens E44G against F. oxysporum

(Fig. 7a). The phylogentic tree showed that chitinase
gene from S. griseorubens E44G is identical (100%) to
the chitinase gene from Streptomyces sp. C203 (acces-
sion no. EF137704). On the other hand the phylogeny
based on the deduced amino acids revealed another
identity matching (100%) of the chitinase from
S. griseorubens E44G with that from Streptomyces sp.
C203 (Fig. 7b).

The DNA nucleotide sequence of the obtained
chitinase gene is divided into three main frames, frame

one contains two ORFs. The first starts from base 19 to
111 (30 amino acids) and the second starts from base
250 to 402 (50 amino acids). There is no ORF in the
frame 2, while, one ORF is observed in the frame 3,
which started from base 3 to 1217 (405 amino acids).
The total number of the deduced amino acids is 407, the
theoretical molecular weight is = 44 kDa, and the iso-
electric point is 5.62. The obtained theoretical molecular
weight is in accordance with that obtained by the SDS-
PAGE analysis in this study. The analysis of amino acids
composition showed that the total number of the nega-
tively charged residues (Asp + Glu) is 39, while, the
positively charged residues (Arg + Lys) is 32.
Additionally, the atomic composition is; carbon
(1953), hydrogen (2915), nitrogen (515), oxygen (593)
and sulfur (10).

Field evaluation

Effect S. griseorubens E44G on tomato growth
parameters and disease severity

The effect of the bio-control treatments on the growth
parameters and disease severity of tomato plants infect-
ed with Fusarium wilt disease is presented in Table 2.
The infected plants that treated with cell-free culture
filtrate of S. griseorubens E44G showed a significant
increase in all tested growth parameters compared
with the infected-untreated tomato plants. The dis-
ease severity of the infected plants was significantly

Fig. 7 Phylogentic trees of a Q:ABO17010.1 Streptomyces coelicolor
chitinase gene from 100 M82804.2 Streptomyces plicatus
S. griseorubens E44G in relation 59 AB106648.2 Streptomyces aureofaciens
to six chitinase genes isolated ,_ KJ466124.1 Streptomyces sp. E44G
from different Streptomyces
. 100 L EF137704.1 Streptomyces sp. €203
strains based on the DNA promy p
nucleotide sequences (a) and the AB081807.1 Streptomyces griseus
deduced amino acids (b) AY392156.1 Streptomyces roseoflawus
010 008 0.06 0.04 0.02 0.00
b 100 1 KJ466124.1 Streptomyces sp. E44G
100 lEF137704.1 Streptomyces sp. C203
L—— M82804.2 Streptomyces plicatus
[—AB106648.2 Streptomyces aureofaciens
100 ——— AB081807.1 Streptomyces griseus
,—ABO17010.1 Streptomyces coelicolor
100 ;AY39215641 Streptomyces roseoflavus
12 10 08 06 04 02 00
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Table 2 Effect of S. griseorubens E44G treatments on the growth parameters and disease severity of tomato plants

Treatment Plant height (cm) Plant fresh Plant dry Number DS

weight (g) weight (g) of leaves

P 247d 53.9d 89¢ 8¢ 4
PA 502 a 112.5a 184 a 17a 1
PF 37.6¢c 853 ¢ 13.8b 12b 2
PS 44201 100.0 b 16.3 ab 15 ab 2

P pathogen, PA pathogen + cell- free filtrate, PF’ pathogen + fungicide, PS pathogen + spore suspension and DS Disease severity

* In each column, values followed by the same letter(s) are not significantly different according to Duncan’s multiple range test (p = 0.05)

decreased when treated with the cell-free culture
filtrate of S. griseorubens E44G compared with the
untreated-infected plants. The infected plants treated
with the spore suspension of S. griseorubens E44G
ranked the second best treatment followed by that
treated with the fungicide.

Effect of S. griseorubens E44G treatments on the yield
of tomato

Data presented in Table 3 show the effect of
S. griseorubens E44G treatments on the yield of tomato.
Infection with the Fusarium wilt disease led to a signif-
icant reduction in the yield parameters of the infected
tomato plants. While, the yield of the infected plants
treated with the filtrate treatment significantly increased
compared with the untreated infected plants and that
treated with the chemical fungicide. Treatment of the
infected plants with the spore suspension of
S. griseorubens E44G ranked the second best treatment.
The increase in the yield of the infected plant that treated

Table 3 Effect of S. griseorubens E44G treatments on the yield of
tomato

Treatment No. of Weight of Average
fruits/plant single fruit (g) yield (T/ha)
P 12.7d 48.0c 19.5d
PA 21.8a 70.5 ab 39.1a
PF 173 ¢ 735a 26.6 ¢
PS 19.8 b 73.7a 33.6ab

P pathogen, PA pathogen + cell- free filtrate, PF pathogen + fungi-
cide, and PS pathogen + spore suspension

* In each column, values followed by the same letter(s) are not
significantly different according to Duncan s multiple range test
(p =0.05)

with the filtrate treatment may be attributed to the
growth regulating effect(s) of the filtrate components.
These results are in accordance with that obtained by
Yandigeri et al. (2015) using the chitinolytic actinomy-
cete Streptomyces vinaceusdrappus S5 MW?2 on toma-
to plants. Potential of the chitinolytic actinomycetes
in the bio-control of plant diseases has been report-
ed. In addition to antibiosis and competition, the
hydrolytic enzyme action seems to contribute to
their antagonistic behavior (Hoster et al. 2005).
The resistance induction effect of chitin, either alone
or in combination with the biocontrol agents has
been recognized (Solanki et al. 2011). These impor-
tant characters beside survival of S. griseorubens
E44G under high temperature habitats make this
isolate a as a good bio-control agent.

Conclusion

In the present study, in vitro antifungal potential of
S. griseorubens E44G was observed against
F. oxysporum. Chitinolytic activity was shown to be
contributed to the antagonistic behavior of
S. griseorubens E44G. A thermostable chitinase en-
zyme of 45 kDa molecular weight was purified using
gel filtration chromatography. The optimum activity
was obtained at 60 °C and pH 5.5. The purified enzyme
has shown a very pronounced activity against the phy-
topathogenic fungus F. oxysporum. In the field evalua-
tion, application of S. griseorubens E44G treatments
significantly increased all tested growth and yield pa-
rameters and decreased the disease severity compared
with the infected-untreated tomato plants suggesting
potential as a biocontrol agent. On the other hand, the
thermo stability property of the chitinase enzyme of
S. griseorubens E44G may provide an important feature
on the industrial scale.
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