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ABSTRACT

Several actinomycetes species were isolated from United Arab Emirates soil using conventional microbiological techniques.
Out of thirty-eight isolates, only three were selected according to their high production of the chitinase enzyme. The three
isolates were identified to the species level using cultural, physiological, biochemical and chemotaxonomical characteristic.
Isolates 1, 7 and 40 were identified as Actinoplanes philippinensis, Actinoplanes missouriensis and Streptomyces clavuligerus,
respectively.  Chitinolytic activities of the three isolates were tested against Drosophila melanogaster development as
percentage of successful pupal formation. The three actinomycetes were individually applied against D. melanogaster, and
then in combinations of two and all three actinomycetes isolates were used to study synergistic and antagonistic effects
between them. The application of either A. philippinensis or A. missouriensis gave a good effect, shown as lowest pupal
formation percentages, being 39.43 and 31.75%, respectively. At the same time, S. clavuligerus gave the least effect, being
55.71% compared to control treatment. In the combination of two isolates experiment, S. clavuligerus, which gave the least
activity when applied individually, was synergized by the presence of A. philippinensis (27.35%) and A. missouriensis
(33.24%). Meanwhile, the combination of A. philippinensis and A. missouriensis, gave an indication of antagonism (51.06%)
shown as high percentage of successful pupal formation. The combination of all of three isolates experiment showed no

antagonism (37.47 £ 2.48%).
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INTRODUCTION

As the environmental contamination by toxic
chemicals increases, alternative approaches for controlling
pest populations have become research priorities. These
have included biological or ecological control methods for
limiting the destructive impacts of pest populations,
especially in agriculture (Nakas & Hagedorn, 1990;
Canaday, 1995; Hokkanen & Lynch, 1995).

Several varieties of microorganisms including fungi,
bacteria, nematodes and viruses that are antagonistic to
insects have been reported as strategies to biologically
control them. Actinomycetes play an important role in the
biological control of insects through the production of
insecticidally active compounds against the house fly Musca
domestica (Hussain et al., 2002). The mortality of larval and
pupal stages, were very high reaching up to 90% after
actinomycetes treatments (Hussain et al, 2002).
Actinomycetes were effectively used against Culex
quinquefasciatus (Sundarapandian et al., 2002).

Actinomycetes are an important group of
microorganisms, not only as degraders of organic matter in
the natural environment, but also as producers of antibiotics
and other useful compounds of commercial interest (Saugar
et al., 2002; Bentley et al., 2002; Basilio et al., 2003). In
addition, actinomycetes are important for the production of

enzymes, such as chitinase (eg. Streptomyces viridificans),
cellulases (eg. Thermonospora spp.), peptidases, proteases
(Nocardia spp.), Xylanases (Microbispora spp.), ligninases
(Nocardia autotrophica), amylases (Thermomonospora
curvata), sugar isomerases (Actinoplanes missouriensis),
pectinase, hemicellulase and keratinase (Solans & Vobis,
2003).

To select non-streptomycete actinomycetes by
reducing the numbers of streptomycete actinomycetes on
isolation plates, Streptomyces phages was applied (Kurtboke
et al, 1992; Long & Amphlett, 1996). The isolation of
Streptomyces phages are of practical importance for a
variety of reasons such as the problems they cause to
fermentation industries (Chater, 1986), their value for typing
streptomycetes in taxonomic studies (Korn-Wendish &
Schneider, 1992), their use for the detection and
understanding of host controlled restriction-modification
systems (Diaz et al., 1989), their utilization as tools for
genetic exchange and analysis in Streptomyces spp. (Herron
& Wellington, 1990), the study of their general and
molecular biology (Lomovskaya et al., 1980) and ecology
(Williams et al., 1987).

Chitinase is originally an enzyme used by insects to
degrade the structural polysaccharide “chitin” during the
molting process (Zhang et al., 2002). The largest chitinase
activity among bacteria has been observed in species of
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Streptomyces, Serratia, Vibrio and Bacillus (Reguera &
Leschine, 2001). Chitinase enzyme is very important in the
biological control of insects (Reguera & Leschine, 2001)
and plant pathogenic fungi (El-Tarabily et al., 2000; El-
Tarabily, 2003).

Species of Streptomyces showed high multiplicity of
chitinase genes (Williamson et al., 2000; Saito et al., 2003),
as in the case of Streptomyces coelicolor and Streptomyces
griseus (Itoh et al., 2003). However, screens for antagonism
have focused primarily on bacteria, fungi, viruses and
nematodes (Collier et al., 2001). There is a lack of published
information with regard to the use of actinomycetes
particularly, rare non-streptomycete actinomycetes, as
biocontrol agents of insect pests.

Accordingly, the major objectives of the present study
were to: (i) isolate streptomycete actinomycetes using the
normal soil dilution plate method; (ii) isolate non-
streptomycete actinomycetes using the Streptomyces phage
method; (iii) screen the isolates for their ability to produce
chitinase and B-1,3 glucanase; (iv) apply the most promising
chitinase producing actinomycetes as bio-control agents on
D. melanogaster under laboratory conditions; and (vi)

identify the most promising chitinase producing
actinomycetes using conventional identification
methodologies.

MATERIALS AND METHODS

Isolation of streptomycete and non-streptomycete
actinomycetes from tomato rhizosphere soil. Rhizosphere
soil samples were collected from tomato fields at ten
random sites from Al-Ain city, 140 Kilometers east of Abu
Dhabi, United Arab Emirates and were placed into plastic
bags. The soil collected was a light brownish yellow sandy
soil. In the laboratory, soil samples were mixed to ensure
uniformity, passed through a 3-mm sieve to remove debris
and stored in sealable plastic bag at 15°C. Soil pH was
found to be 7.5 (0.01 M CaCl,).

For the isolation of streptomycete actinomycetes, three
10 g replicates of each rhizosphere soil sample were
dispensed into 100 mL of sterile 1 g L™ agar solution in
deionized water containing 20 g glass beads (3 mm in
diameter). The soil suspension was placed in an ultra-
sonicator (Virsonic 60, the Virtis Company, Inc., Gardiner,
NY, USA) at a frequency of 55,000 cycles sec” for 20 sec,
and then shaken on a gyratory shaker (Model D-30938,
Gesellschaft Fiir Labortechnik mbH, Burgwedel, Germany)
at 250 rpm for 30 min at 28°C. Ten-fold serial dilutions (10°
2~ 10®) were made in sterile deionized water and 0.2 mL
aliquots were spread with a sterile glass rod over the surface
of inorganic salt starch agar (SNA) in sterile plastic, 9 cm
diameter Petri-plates. Cooled (45°C) agar was amended
with cycloheximide (50 mg L) and nystatin (Sigma
Chemical Co., St. Louis, USA) (50 mg L") immediately
prior to pouring plates. Ten plates were used per dilution
and dried in a laminar flow-cabinet for 20 min before
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incubation at 30°C in the dark for 10 days.

In order to facilitate the recovery of non-streptomycete
actinomycetes, three polyvalent Streptomyces phages (El-
Tarabily et al., 1996) were used to reduce the numbers of
Streptomyces species in the dilution tubes and in turn on
isolation plates (Kurtboke et al., 1992). The phage
suspension was prepared by combining high-titre phage
suspension (X 10" pfu mL") of each polyvalent
Streptomyces phages. A second series of five plates was
inoculated with 0.2 mL aliquots of the phage-treated soil
suspension, dried in a laminar flow cabinet and incubated
for 3 weeks in the dark at 30°C. Plates without phages were
used as control treatments.

All isolates were transferred onto oatmeal agar plates
supplemented with 0.1% yeast extract (OMYEA) (Williams
& Wellington, 1982) and stored in 20% (v/v) glycerol at -
20°C (Wellington & Williams, 1978).

Qualitative determination of chitinase production by
actinomycetes. The aim of this experiment was to screen
the streptomycete and non-streptomycete actinomycete
isolates for their capacity to produce chitinase enzyme on
colloidal chitin agar (CCA) (Gupta et al., 1995). Five-day-
old isolates grown on (SNA) were inoculated onto CCA and
incubated for 5 days until zones of chitin clearing were seen
around and beneath the colonies. Clear zone diameters were
measured (mm) and used as an indicator of chitinase
activity. Large diameters represented high activity and small
diameters represented low activity. According to the results
obtained from the qualitative test, three highly active
chitinase-producing isolates (HC) were selected.
Quantitative determination of chitinase and RB-1,3-
glucanase. Individual 250-mL Erlenmeyer flasks containing
50 mL of minimal synthetic medium (MSM) (Tweddell et
al., 1994) amended with 2 mg mL™" of colloidal chitin were
prepared. Flasks containing colloidal chitin were inoculated
with 2 mL of a 20% glycerol suspension of each
actinomycete isolate and incubated on a rotary shaker at 250
rpm for 7 days. After incubation, the suspensions from each
flask were centrifuged for 30 min at 12000 g. The
supernatant was filtered through sterile Millipore
membranes (pore size 0.22 um, Millipore Corporation,
MA, USA), collected in sterile tubes and was used as a
source of the crude enzymes.

Chitinase specific activity was determined according
to the method described by Tweddell et al. (1994) and
modified by Singh et al. (1999). Chitinase activity was
calculated by measuring the release of N-acetyl-D-
glucosamine (NAGA). The reaction mixture contained 1
mL of culture supernatant from a colloidal chitin amended
MSM and 1 mL of colloidal chitin (10 mg mL™) in 50 mM
sodium acetate buffer at pH 6.8 and was incubated in a
water bath for 1 h at 50°C. After boiling for 15 min the
mixture was centrifuged at 2500 g for 20 min. The
concentration of NAGA in the supernatant was determined
by the procedure of Reissig et al. (1955). Specific activity
(U = 1 unit of chitinase) was defined as the amount of the
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enzyme that released 1 pmol of NAGA mg™ protein h™.

The specific activity of B-1,3-glucanase was
determined by measuring the amount of reducing sugars
liberated using dinitrosalicylic acid solution (DNS) (Miller,
1959). The reaction mixture contained 1 mL of laminarin
solution (Sigma) (10 mg mL™) in 0.2 M acetate buffer (pH
5.4). The mixture was incubated in a water bath at 40°C for
1 h and the reaction terminated by adding 3 mL of DNS
solution. Boiling for 10 min developed the color of the end
product. Reducing sugar concentration was determined by
optical density at 530 nm using a scanning
spectrophotometer ~ (UV-2101/3101  PC;  Shimadzu
Corporation, Analytical Instruments Division, Kyoto,
Japan). Glucose was used as the calibration standard.
Specific activity (U=1 unit of B-1,3-glucanase) was defined
as the amount of the enzyme that released 1 pmol of glucose
mg™ protein h™'. The protein content of the enzyme solution
was determined with the Folin phenol reagent (Lowry et al.,
1951).

Identification of the chitinase-producing actinomycete
genera to species level. Identification of the three
actinomycetes to species level was based on morphological,
cultural, physiological and chemotaxonomical
characteristics as presented in Bergy's Manual of Systematic
Bacteriology (Williams et al., 1989).

Collection and rearing of D. melanogaster. Wild type
Drosophila melanogaster was collected using fermented
fruit traps. All Drosophila stages were kept under 25 + 2 °C
(Strickberger, 1962).

Collection and counting of Drosophila eggs. Drosophila
eggs were collected by covering solidified media with
muslin fabric. Adult male and female Drosophila were
allowed into the bottle for oviposition on the muslin fabric.
Insects were left for 24 h and then transferred to a fresh
culture bottle. The fabrics with the medium were carefully
removed and the muslin with the eggs was lifted. A female
Drosophila may lay about 50-75 eggs/day (Strickberger,
1962). Eggs were counted using binocular microscope and
were gently removed with a spatula.

Application of actinomycetes on insects. The three most
promising actinomycete isolates (coded: 1, 7, & 40), which
produced the highest level of chitinase activity, were tested
to evaluate their potential and ability to inhibit the growth
and development of Drosophila under controlled laboratory
conditions. The three actinomycete isolates were included
singly or in various combinations with each other to
determine whether biological control could be enhanced by
combining these actinomycete isolates.

In total, there were fifteen treatment combinations, as
follows:

(1) Water control (insect only),

(2) Drosophila + autoclaved actinomycete number 1,
(3) Drosophila + actinomycete number 1,

(4) Drosophila + autoclaved actinomycete number 40,
(5) Drosophila + actinomycete number 40,

(6) Drosophila + autoclaved actinomycete number 7,
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(7) Drosophila + actinomycete number 7,

(8) Drosophila + autoclaved actinomycete 7 + autoclaved
actinomycete 40,

(9) Drosophila + actinomycete 7 + actinomycete 40,

(10) Drosophila + autoclaved actinomycete 1 + autoclaved
actinomycete 7,

(11) Drosophila + actinomycete 1 + actinomycete 7,

(12) Drosophila + autoclaved actinomycete 1 + autoclaved
actinomycete 40,

(13) Drosophila + actinomycete 1 + actinomycete 40,

(14) Drosophila + autoclaved actinomycete number 1 +
autoclaved actinomycete number 40 + autoclaved
actinomycete number 7,

(15) Drosophila + actinomycete number 1 + actinomycete
number 40 + actinomycete number 7.

For application, actinomycetes were cultured on
OMYEA and incubated at 30°C until sporulation. Spores
were then suspended in 10 mL of sterilized distilled water
by scraping each plate separately. Controls for each
actinomycete isolate were prepared by taking the same
amount of autoclaved spore suspension.

After preparing the spore suspensions, seven replicates
(each contain 7 mL) for each active and heat-killed
(autoclaved) actinomycetes were added to 1.5 g of
Drosophila media and mixed thoroughly. Drosophila eggs
were counted as described above and placed gently on the
prepared spores + media. Experiments were kept at 25°C for
approximately 7 days, until pupation. Successful pupations
were counted at the end of the experiment.

Statistical analysis. All treatments were arranged in a
randomized complete block design for all experiments.

Data were subjected to analysis of variance (ANOVA)
and significant differences between means were
determined using Fisher’s Protected LSD Testat P =
0.05. Superanova® (Abacus Concepts, Inc., Berkeley,
California, USA) was used for all analyses.

RESULTS

Isolation and enumeration of streptomycete and non-
streptomycete actinomycetes from tomato rhizosphere
soil. Twenty-three Streptomyces isolates were isolated from
SNA plates without the application of Streptomyces phages,
whilst fifteen non-streptomycete actinomycetes were
isolated from SNA plates with the application of
Streptomyces phages. The use of Streptomyces phages with
high polyvalency significantly (P<0.05) reduced the
numbers of streptomycetes on the isolation plates with a
concurrent increase in the numbers of non-streptomycete
actinomycetes isolated (Table I).

Qualitative determination of chitinase production by
actinomycetes. Of the thirty-eight isolates, only three
isolates (one streptomycete and two non-streptomycete
actinomycetes) were ranked as HC isolates (Fig. 1) and
chosen for further study. These isolates produced large clear
zones on CCA (Figs. 2, 3, 4). These three isolates (Isolates
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Fig. 1. Plates of colloidal chitin agar (CCA) inoculated
with actinomycete isolates with large clear zones of
chitinase enzyme production

Fig. 2. A plate of colloidal chitin agar (CCA) inoculated
with isolate # 1 with clear zone of chitinase enzyme
production

"~ isolate #1

1, 7 and 40) were chosen for further studies.

Quantitative determination of chitinase and RB-1,3-
glucanase. The three most promising isolates, coded 1, 7
and 40 grew well on the MSM containing colloidal chitin,
and laminarin. Their chitinase specific activities were
5.23U, 4.77U and 4.65U, whilst the B- 1-3 glucanase
specific activities were 0.52U, 044U and 0.39U,
respectively.

Identification of isolates 1, 7 and 40. Identification of the
three actinomycetes to species level was based on
morphological, cultural, physiological and
chemotaxonomical characteristics. Isolate 1 was identified
as Actinoplanes philippinensis Couch, while isolate 7 was
identified as Actinoplanes missouriensis Couch. In the mean
time, isolate 40 was identified as Streptomyces clavuligerus
Higgens and Kastner.
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Fig. 3. A plate of colloidal chitin agar (CCA)
inoculated with isolate # 7 with clear zone of chitinase
enzyme production

Fig. 4. A plate of colloidal chitin agar (CCA) inoculated
with isolate # 40 with clear zone of chitinase enzyme
production

Application of the most promising chitinase producing
streptomycete and non-streptomycete actinomycetes as
insect biological control agents. The most effective
biocontrol treatment of D. melanogaster was the synergistic
interaction of A. philippinensis and S. clavuligerus (isolates
1 and 40), which reduced pupal formation by 27.35 +
3.95%. When used individually, A. philippinensis, A.
missouriensis and S. clavuligerus reduced pupal formation
by 39.43 + 2.06%, 31.75 £ 3.79% and 55.71 + 5.56%,
respectively. When A. philippinensis and A. missouriensis
(isolates 1 and 7) were combined, an antagonistic interaction
was observed with 51.06 £ 5.15% of pupal formation
compared to when A. philippinensis, alone (39.43 + 2.06%)
and A. missouriensis alone (31.75 £ 3.79%) (Table II) were
used. When all three isolates were used in combination, the
pupal formation was 37.47 + 2.48% (Table II).

There were no significant differences between pupal
formation in the water control (91.13 £ 3.15%), the
autoclaved spores of S. clavuligerus (83.09 + 5.61%) and A.
missouriensis (89.57 + 2.68%; Table II). However, the
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Table I. Comparison of colony forming units (cfu) of
streptomycete and non- streptomycete actinomycetes
from starch nitrate agar plates with and without the

treatment with polyvalent Streptomyces phages.

Number of colony forming units of streptomycetes
Without phage With phage

cfu / plate cfu/qg. dry weightsoil ~ cfu/plate cfu /g. dry weight soil
4235+225% 1052x10°£1.22 931+1.1 144x 10°+£0.35

Number of colony forming units of non- streptomycete actinomycetes

541+0.81 1.03x10°+£0.13 134+£125 321x10°+£045

(*) Values are means + the standard error. The reduction of
streptomycetes and the increase of non-streptomycete actinomycetes in
soil after treatment with the polyvalent Streptomyces phages were
significant (P<0.05) using Fisher’s protected PLSD Test.

Table Il. A comparison between the applications of
actinomycetes, Actinoplanes philippinensis (isolates 1),
Actinoplanes missouriensis (isolate 7) and Streptomyces
clavuligerus (isolate 40), individually, in combinations
of two and all three together on the fruit fly Drosophila
melanogaster. Controls were autoclaved spores
suspended in the same amounts of distilled water. A
water control was included for proper comparison.
Statistical analysis shows Means + Standard Errors.
All treatments were significantly (P< 0.05) different
from their controls

Treatments Pupal Formation (%)
Water control (insect only) 91.13+3.15"
Drosophila + autoclaved actinomycete 1 7381 +2.72%
Drosophila + actinomycete 1 39.43 +£2.06°
Drosophila + autoclaved actinomycete 40 83.09+5.61°
Drosophila + actinomycete 40 55.71+5.56°¢
Drosophila + autoclaved actinomycete 7 89.57+2.68"

31.75+3.79%®
81.78 £5.75

Drosophila + actinomycete 7
Drosophila + autoclaved actinomycetes 7 + 40

Drosophila + actinomycetes 7 + 40 3324£297%
Drosophila + autoclaved actinomycetes 1 +7 ~ 87.29+2.62 "
Drosophila + actinomycetes 1 + 7 51.06 +£5.15°¢
Drosophila + autoclaved actinomycetes 1 +40  69.04 +5.01 ¢
Drosophila + actinomycete 1 + 40 27.35+£3.95°

Drosophila + autoclaved actinomycetes 1 +40 + 85.93 +5.09 1

7

Drosophila + actinomycetes 1 +40 + 7 3747 +248%°
Values with the same letter are not significantly (P> 0.05) different
according to Fishers protected LSD test.

autoclaved spores of A. philippinensis, did reduce the
amount of pupa formed (73.81 + 2.72%) compared to the
water control (91.13 + 3.15%).

The application of individual isolates is presented in
Table II. The water control gave 91.13 + 3.15%. Autoclaved
spores controls data are shown as the percentage of
successful pupal formation being 73.81 £ 2.72% for A.
philippinensis, 83.09 + 5.61% for S. clavuligerus and 89.57
+ 2.68 for A. missouriensis. The active spores of A.
philippinensis and A. missouriensis gave the lowest pupal
formation percentages, 39.43 + 2.06% and 31.75 £ 3.79%,
respectively. S. clavuligerus was the least effective of the
three giving 55.71 £ 5.56% reduction in pupal formation
compared to control treatments.
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To study the synergistic or antagonistic effects of the
three actinomycetes, isolates were introduced to the insect
medium in a combination of treatments of two and all three
together. The data of this experiment are shown in Table II.
S. clavuligerus which gave the least activity when applied
individually was synergized by the presence of A.
philippinensis (27.35 + 3.95) and A. missouriensis (33.24 +
2.97).

Meanwhile, the combination of A. philippinensis and
A. missouriensis, gave an indication of antagonism (51.06 +
5.15) shown as high percentage of successful pupal
formation. Whilst, the application of all isolates together
showed no antagonism (37.47 + 2.48) compared to control
treatments.

A highly significant (at P < 0.05) difference between
the combination treatment of isolates A. philippinensis + S.
clavuligerus (27.35 £ 3.95) and all the other treatments was
observed. This makes this combination, the best treatment
of all.

DISCUSSION

The present study appears to be a first record of an
insect being controlled by a rare slow-growing chitinolytic
non-streptomycete  actinomycete belonging to genus
Actinoplanes. The two isolates of A. philippinensis and A.
missouriensis used in the present study produced high levels
of chitinase and were capable of reducing the insect
population under laboratory conditions. Meanwhile, the
inability of the autoclaved preparation of each chitinase-
producing isolate to kill the insect indicates that the
reduction in the insect population by the chitinase-producing
isolates may be associated with their chitinase production.

The process of cuticular chitin deposition is
coordinated with the ecdysteroid regulated molting (ecdysis)
during insect metamorphosis. Major protein subunits of the
chitin-synthase were proven to be integral membrane
proteins on the epidermal cell layer underlying the
procuticle region of the integument in insects (Tellam et al.,
2000).

Chitin synthase genes in an insect like Drosophila
were elucidated by Gagou et al. (2002) where they
identified them (DmeChSA and DmeChSB) to be on the
other side of centromere of the third chromosome. Chitin
formation inhibition is usually achieved either by affecting
the catalytic site of the synthase or by interfering at the
sulthydril-sensitive ~ sites of the synthase during
polymerization of the B-1,4-N-acetyl-D-glucosamine
residues. Whilst, chitin formation can be inhibited by
diverse groups of compounds (cyromazine) and can
generally be degraded rapidly by chitinase group of
enzymes (Zhang et al., 2002; Tripathi et al., 2002).

In the present study, the actinomycetes A.
philippinensis (isolate 1), A. missouriensis (isolate 7) and S.
clavuligerus (isolate 40) were effective producers of
chitinase and caused extensive reduction in D. melanogaster
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population under controlled laboratory conditions. In
addition, all three isolates were effective against the insect
when applied individually or in combinations, and
significantly reduced the percentage of pupal formation
under the same conditions.

Since the cuticle of insect species consists largely of
chitin, it was postulated that chitinase produced by these
isolates could be involved in insect control. Therefore, the
production of chitinases was used as the criteria for the
selection of potential biocontrol agents of insects. Microbial
chitinolytic enzymes have been considered important in the
biological control of many insects because of their ability to
interfere with chitin deposition (Tripathi et al., 2002).

The application of chitinase producing actinomycetes
to the rearing medium of the fruit fly, D. melanogaster, had
a significant effect on their mortality. The actinomycete
isolates were all considerably effective compared to their
controls. Both A. phlippinensis and A. missouriensis have
significantly reduced insect pupal formation when applied to
the medium individually. Similar data were generated by
Regev et al. (1996), Bream et al (2001) and Sampson and
Gooday (1998) on their work on the effect of the
endogenous chitinase activity of Bt against caterpillars of
Spodoptera litoralis and the larval midges of Culicoides
nubeculosus. In the present study, synergistic or antagonistic
effects of the three actinomycetes isolates alone or in
combinations showed that S. clavuligerus, which gave the
least individual activity was synergized in the presence of A.
philippinensis or A. missouriensis. In contrast, the
combination of A. philippinensis and A. missouriensis was
antagonistic as shown by the high percentage of successful
pupal formation. There was no antagonism observed when
the three actinomycetes were applied together.

Most studies that investigated the activities of soil
actinomycetes, have mainly examined the role of
streptomycete actinomycetes. In contrast, our study
highlights the importance of using selective isolation
techniques, such as the use of polyvalent Streptomyces
phages, for the selective isolation of non-streptomycete
actinomycetes and to investigate their effect on insect
development. Apart from actinomycetes obtained by the
application of the conventional soil dilution method, other
rare slow-growing non-streptomycete actinomycetes were
easily obtained using the phages technique. It is important
to note that the two techniques mentioned above yielded
different genera of actinomycetes. The use of the phages
techniques in the present study, clearly indicate that the
application of phage increased the recovery of Actinoplanes,
Micromonospora, Rhodococcus, and Nocardia species,
whilst the majority of the colonies obtained by the soil
dilution method were found to belong to the genus
Streptomyces.

Although this study has concentrated on
actinomycetes at the expense of other groups of potential
microbial biocontrol agents such as bacteria, fungi and
viruses, it has yielded some interesting information on the
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taxonomy and biological activity of streptomycete and non-
streptomycete actinomycetes. This study highlights the
potential of using chitinase-producing actinomycetes for the
biological control of insects having chitin as a major
component of their cuticle in the Arabian Gulf area or
elsewhere.

ACKNOWLEDGEMENTS

Authors would like to express their gratitude to Prof.
Mohammed H. Soliman, Dr. Waleed Hamza, Dr.
Mohammad R. Anan and Mr. Shareef Al-Alfi, Biology
Department, Faculty of Science, UAE University for their
help during the course of this study.

REFERENCES

Basilio, A., 1. Gonzalez, M.F. Vicente, J. Gorrochategui, A. Cabello, A.
Gonzalez and O. Genilloud, 2003. Patterns of antimicrobial activities
from soil actinomycetes isolated under different conditions of pH
and salinity. J. Appl. Microbiol., 95: 814-23

Bentley, S.D., K.F. Chater, A—M. Cerdeno-Tarraga, G.L. Challis, N.R.
Thomson, K.D. James, D.E. Harris, M.A. Quail, H. Kieser, D.
Harper, A. Bateman, S. Brown, G. Chandra, C.W. Chen, M. Collins,
A. Cronin, A. Fraser, A. Goble, J. Hidalgo, T. Homnsby, S. Howarth,
C-H. Huang, T. Kieser, L. Larke, L. Murphy, K. Oliver, S. O'Neil,
E. Rabbinowitsch, M.—A. Rajandream, K. Rutherford, S. Rutter, K.
Seeger, D. Saunders, S. Sharp, R. Squares, S. Squares, K. Taylor, T.
Warren, A. Wietzorrek, J. Woodward, B.G. Barrell, J. Parkhill, D.A.
Hopwood, 2002. Complete genome sequence of the model
actinomycete Streptomyces coelicolor A3 (2). Nature, 417: 141-7

Bream, A.S., S.A. Ghazal, ZK.A. El-Aziz and S.Y. Ibrahim, 2001.
Insecticidal activity of selected actinomycetes strains against the
Egyptian cotton leaf worm Spodoptera littoralis (Lepidoptera:
Noctuidae). Mededelingen  Faculteit Landbouwkundige en
Toegepaste Biologische Wetenschappen Universiteit Gent 66: 2a,
50344

Canaday, C.H., 1995. Biological and Cultural Tests for Control of Plant
Diseases. American Phtopathological Society, St. Paul, MN

Chater, K.F., 1986. Streptomyces phages and their applications to
Streptomyces genetics. In: Queener, S.W. and L.E. Day, (eds.) The
Bacteria: A Treatise on Structure and Function, vol. IX, Antibiotic
producing Streptomyces, pp. 119-58. Academic Press, New York,
USA

Collier, R.H., S. Finch and G. Davies, 2001. Pest insect control in
organically—produced crops of field vegetables. Mededelingen
Faculteit ~ Landbouwkundige en  Toegepaste  Biologische
Wetenschappen Universiteit Gent, 66: 259—67

Diaz, L.A.,, C. Hardisson and M.R. Rodicio, 1989. Isolation and
characterization of actinophages infecting Streptomyces species and
their interaction with host restriction—modification systems. J. Gen.
Microbiol., 135: 1847-56

El-Tarabily, K.A., 2003. An endophytic chitinase—producing isolate of
Actinoplanes missouriensis, with potential for biological control of
root rot of lupin caused by Plectosporium tabacinum. Australian J.
Botany, 51: 257-66

El-Tarabily, K.A., M.L. Sykes, D.I. Kurtboke, G.E.StJ. Hardy, A.M.
Barbosa and R.F.H. Dekker, 1996. Synergistic effects of a cellulase—
producing Micromonospora carbonacea an antibiotic—producing
Streptomyces violascens on the suppression of Phytophthora
cinnamomi root-rot of Banksia grandis. Canadian J. Botany, 74:
618-24

El-Tarabily KA, M.H. Soliman, A.H. Nassar, H.A. Al-Hassani, K.
Sivasithamparam, F. McKenna and G.E.StJ. Hardy, 2000
Biological control of Sclerotinia minor using a chitinolytic
bacterium and actinomycetes. Plant Pathol., 49: 573-83



ACTINOMYCETES AS INSECT BIOCONTROL AGENTS/ Int. J. Agri. Biol., Vol. 7, No. 4, 2005

Gagou., M.E., M. Kapsetaki, A. Turberg and D. Kafetzopoulos, 2002.
Stage—specific expression of the chitin synthase DmeChSA and
DmeChSB genes during the onset of Drosophila metamorphosis.
Insect Biochem. Molec., 32: 141-6

Gupta, R., RK. Saxena, P. Chaturvedi and J.S. Virdi, 1995 Chitinase
production by Streptomyces viridificans: its potential in fungal
cell wall lysis. J. Appl. Bacteriol. 78: 378-83

Herron, P.R. and E.M.H. Wellington, 1990. New method for extraction of
streptomycete spores from soil and application to the study of
lysogeny in sterile amended and non sterile soil. Appl. Environ.
Microbiol., 56: 1406-12

Hokkanen, H.M.T. and J.M. Lynch, 1995. Biological Control: Benefits and
Risks. Cambridge University Press, New York

Hussain, A.A., S.A. Mostafa, S.A. Ghazal and S.Y. Ibrahim, 2002. Studies
on antifungal antibiotic and bioinsecticidal activities of some
actinomycete isolates. African J. Mycol. Biotechnol., 10: 63-80

Itoh, Y., K. Takahashi, H. Takizawa, N. Nikaidou, H. Tanaka, H.
Nishihashi, T. Watanabe and Y. Nishizawa, 2003. Family 19
chitinase of Streptomyces griseus HUT6037 increases plant
resistance to the fungal disease. Biosci. Biotechnol. Biochem., 67:
847-55

Korn—-Wendish, F. and J. Schneider, 1992. Phage typing — a useful tool in
actinomycete systematics. Gene, 115: 243-7

Kurtboke, D.I., C-F. Chen and S.T. Williams, 1992. Use of polyvalent
phage for reduction of streptomycetes on soil dilution plates. J. Appl.
Bacteriol., 72: 103-11

Lomovskaya, N.D., K.F. Chater and N.M. Mkrtumian, 1980. Genetics and
molecular biology of Streptomyces bacteriophages. Microbiol. Rev.,
44:206-29

Long, P.F. and G.E. Amphlett, 1996. A super lytic actinophage system as a
pre—treatment in the isolation of non—streptomycete actinomycetes
from soil. Lett.. Appl. Microbiol., 22: 62-5

Lowry, O.H., N.J. Rosebrough, A.L. Farr, and R.J. Randall, 1951. Protein
measurement with the Folin phenol reagent. J. Biol. Chem., 193:
265-75

Miller, G.L., 1959. Use of dinitrosalicylic acid reagent for determination of
reducing sugar. Anal. Chem., 31: 426-8

Nakas, J.P. and C. Hagedorn, 1990. Biotechnology of Plant-Microbe
Interactions. McGraw—Hill, New York

Regev, A., M. Keller, N. Strizhov, B. Sneh, E. Prudovsky, 1. Chet, 1.
Ginzberg, Z. Koncz—Kalman, C. Koncz, J. Schell and A. Zilberstein,
1996. Synergistic activity of a Bacillus thuringiensis d—endotoxin
and a bacterial endochitinase against Spodoptera littoralis larvae.
Appl. Environ. Microbiol., 62: 3581-6

Reguera, G. and S.B. Leschine, 2001. Chitin degradation by cellulolytic
anaerobes and facultative aerobes from soils and sediments. FEMS
Microbiol. Lett., 204: 367-74

Reissig, J.L., J.L. Strominger and L.F. Leloir, 1955. A modified
colorimetric method for the estimation of N-acetylamino sugars. J.
Biol.. Chem., 27: 95966

Saito, A., T. Fujii and K. Miyashita, 2003. Distribution and evolution of
chitinase genes in Streptomyces species: Involvement of gene—
duplication and domain—deletion. Anton. Leeuw. Int. J.G., 84:7-16

633

Sampson, M.N. and G.W. Goody, 1998. Involvement of chitinase of
Bacillus thuringiensis during pathogenesis in insects. Microbiology,
144:2189-94

Saugar, 1., E. Sanz, M.A. Rubio, J.C. Espinosa and A. Jimenez, 2002.
Identification of a set of genes involved in the biosynthesis of the
aminonucleoside moiety of antibiotic A201A from Streptomyces
capreolus. European J. Biochem., 269: 5527-35

Singh, P.P., Y.C. Shin, C.S. Park and Y.R. Chung, 1999. Biological control
of Fusarium wilt of cucumber by chitinolytic bacteria.
Phytopathology,, 89: 92-9

Solans, M. and G. Vobis, 2003. Saprophytic actinomycetes associated to the
rhizosphere and rhizoplane of Discaria trinervis. Ecologia
Australian, 13: 97-107

Strickberger, M.W., 1962. Experiments in Genetics with Drosophila. John
Wiley and Sons, Inc., New York, U.S.A.

Sundarapandian, S., M.D. Sundaram, P. Tholkappian and V.
Balasubramanian, 2002. Mosquitocidal properties of indigenous
fungi and actinomycetes against Culex quinquefasciatus Say. J.
Biol. Control, 16: 89-91

Tellam, R.L., T. Vuocolo, S.E. Johnson, J. Jarmey and R.D. Pearson, 2000.
Insect chitin synthase: cDNA sequence, gene organization and
expression. European J. Biochem., 267: 6025-42

Tripathi, A. K., S.P.S. Khanuja and S. Kumar 2002. Chitin synthesis
inhibitors as insect-pest control agents. J. Medicinal & Aromatic
Plant Sci., 24: 104-22

Tweddell, R.J., S.H. Jabaji-Hare and P.M. Charest, 1994. Production of
chitinases and B(-1,3-glucanases by Stachybotrys elegans, a
mycoparasite of Rhizoctonia solani. Appl. Environ. Microbiol., 60:
489-95

Wellington, EM.H. and S.T. Williams, 1978. Preservation of actinomycete
inoculum in frozen glycerol. Microbiol. Lett., 6: 151-7

Williams, S.T. and E.M.H. Wellington, 1982. Actinomycetes. In: Page,
A.L., R.H. Miller and O.R. Keency, (eds.) Methods of Soil Analysis,
part 2, Chemical and Microbiological properties, 2™ ed., pp. 969—
87, American Society of Agronomy/Soil Science Society of
America, Madison, U.S.A.

Williams, S.T., A.M. Mortimer and L. Manchester, 1987. Ecology of Soil
Bacteriophages. In: Goyal, S.M., C.P. Grebe and G. Bitton, (eds.)
Phage Ecology, pp. 157-79, John Wiley and Sons, Inc. New York,
USA

Williams, S.T., Sharpe, M.E., and Holt, J.G. 1989. Bergey's manual of
systematic bacteriology, vol. 4. Williams and Wilkins, Baltimore,
MD.

Williamson, N., P. Brian and E.M.H. Wellington, 2000. Molecular detection
of bacterial and streptomycete chitinases in the environment. Anton.
Leeuw. Int. J.G.,, 78: 315-21

Zhang, H., X. Huang, T. Fukamizo, S. Muthukrishnan and K.J. Kramer,
2002. Site—directed mutagenesis and functional analysis of an active
site tryptophan of insect chitinase. Insect Biochem. Molec., 32: 1477—
88

(Received 20 January 2005; Accepted 22 May 2005)



