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ABSTRACT

Actinomycetes play an important role in the biological control of insects by producing
insecticidal active compounds against various insects. 7hey are predominantly found in soil, in
the silt of water bodies, in the air and in plant remains. Chitinase is increasingly finding
applications in various fields such as biomedicine, in ultra-structural studies, in the preparation
of chitooligosaccharides, in single-cell protein production, biocontrol agents, agriculture, etc.
Chitinase is originally an enzyme used by insects to degrade the structural polysaccharide of
insects. Chitinase brings about hydrolysis of chitin which is widely distributed in cell wall of
fungi, plants and insects. An attempt has been made to use chitinase producing bacteria for the
development of bioinsecticides against Spodoptera frugiperda, which feeds on over more than
60 species of plants and it is periodic. The Spodoptera frugiperda armyworm (Lepidoptera) is a
serious pest of cabbage and other crop. It is also major pest of maize, rice, sorghum, turf grasses,
cotton, and peanuts, etc. In this attempt enrichment and isolation of chitinase producing bacteria
from soil was carried out. Chitinolytic activities of the three isolates were tested against larvae
of Spodoptera frugiperda. Three isolates were individually applied against Spodoptera
frugiperda. The isolates named Ai, A2 and A3 were found to be more effective against
Spodoptera frugiperda. The insecticidal activity of isolate Alwas tested and control within 5
hours. Isolate A2 was treated with larvae Spodoptera frugiperda killed after 8 hours whereas,
isolate A3 controlled after 24 hours. The evaluated insecticides provided a significant reduction
in the infestation level, for variable periods.
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INTRODUCTION

Insecticides of synthetic origin have been used to
manage insect pests during 1940 s'. Due to adverse
effects of insecticides on the environment, their
rational use is being controlled. Actinomycetes are
the 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
234 Actinomycetes play an important role in the
biological control of insects through the production
of insecticidal active compounds against the house
fly Musca domestica’. Commercial synthetic sexual
pheromones provided a significant reduction in the
infestation level, for variable periods, depending on
the chemical suggesting that the pheromone trap
can be a useful tool in integrated pest management
program in maize crop in Brazil®. Chitin is the
major polysaccharide present in insects and many
other invertebrates as well as in several microbes,
including fungi. Structurally, it is the simplest of
the glycosaminoglycans, being a B (1, 4) linked
linear homopolymer of N-acetylglucosamine
(GlcNAc, [CgH305N]n, where n>>1). It serves as
the skeletal polysaccharide of several animal phyla,
such as the Arthropoda, Annelida, Mollusca and
Coelenterata. In insects, it is found in the body wall
or cuticle, gut lining or peritrophic matrix (PM),
salivary gland, trachea, egg shells, and muscle
attachment points. All of these structures are
primarily composed of chitin fibers and proteins
with varying degrees of hydration and trace
materials distributed along the structures. The
insolubility and structural complexity of the cuticle
have limited its study. However, sclerotized cuticle
can be modeled as an interpenetrating network of
chitin fibers with embedded cross-linked protein
and pigments. Both synthesis and degradation of
chitin take place at multiple developmental stages
in the cuticle and the PM. It is usually synthesized
as portions of the old endocuticle and PM and
tracheas are resorbed, and the digested materials are
recycled. Although primarily composed of poly-
GlcNAc, chitin also can contain a small percentage
of unsubstituted (or N-deacetylated) glucosamine
(GIcNAc) residues, making it a GIcNAc-
GlcNheteropolymer”®. Degradation of chitin is
carried out by two enzymes chitinase (CHIs,) and
[-N-acetylglucosaminidases  (NAGs,). These
enzymes are produced by various bacteria and
fungi. CHIs catalyze the endohydrolysis of chitin at
random internal positions within the chitin
polymer. Exochitinases, which cleave the

exohydrolysis of the chitin polymer from the non-
reducing end, is divided into two subcategories:
chitobiosidases and NAGs’. Chitobiosidases
catalyze the progressive release of
diacetylchitobiose, while NAGs produce monomers
of GlcNAc'®. Spodoptera frugiperda is a major
army worm insect pest of maize (Zea mays L.) in
theAmerica' "2, In Brazil, this pest causes serious
economic damage, estimated at more than 400
million dollars annually. The importance of the pest
has increased due to selection of insect populations
resistant to chemical insecticides '>. Hence an
attempt has been made to develop an environment
friendly bioinsecticides for biocontrol of this insect
pest.

MATERIALS AND METHODS

This study was carried out during the period of
June 2017 to January 2018, at department of
Botany, Annasaheb Magar Mahavidyalaya, Pune,
India.

Preparation of Colloidal Chitin™

Colloidal chitin was prepared from chitin (Hi-
Media) by the modified method of Hsu and
Lockwood 1975. 40 g Chitin powder was slowly
added to 600 ml of concentrated HCI and kept for
60 min at 30°C with vigorous stirring. Chitin was
precipitated as a colloidal suspension by adding it
slowly to 2 litre of distilled water at 4-10°C. The
suspension was collected by filtration with suction
on a coarse filter paper and washed by suspending
it in about 5 litre of distilled water. Washing was
repeated 3 times until the pH of the suspension was
3.5. After the above treatment, the loose colloidal
chitin was obtained and used as substrate.
Screening and Isolation of Chitinolytic Bacteria™
Garden soil sample was collected in sterile petri-
dish; 1g of this soil sample was added into 10 ml
sterile distilled water and mixed on cyclo mixer. A
loopful of soil suspension was streaked on chitin

agar. The medium consists of colloidal g/lit
KQHPO4-0.7; KH2PO4- 03, MgSO4-0.5;
FeS0O4.7H,0- 0.01; MnCl,.4H,0- 0.01;

ZnS04.7H,0- 0.001; chitin 1% W/V, pH- 8.0 +/-
0.2 at 25°C. Plates were incubated at room
temperature for 4 days. The colonies showing
clearance zones on a creamish background were
selected as chitinase-producing bacteria.

Production and Purification of Chitinase
Bacterial isolates were selected on the basis of a
larger hydrolysis zone after 4 days of incubation
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and further screened for maximum enzyme
production. Isolates were inoculated each in 100 ml
in liquid M9 minimal medium (12.8 g,
Na,HPO4-7H,0; 3g, KH,PO4; 0.5 g, NaCl; 1 g,
NH4CI and 4 g glucose per litre of distilled water)
containing.5% (v/w) insoluble chitin and incubated
for 5 days at 28°C. After 5 days the cultures were
centrifuged at 10000 rpm for 15 min. and
supernatants were stored at 4° C till further use as
crude chitinase enzyme.

Assays of Chitinase Activityl ’

Reaction mixture contained 1 ml crude enzyme, 1.5
ml of 1% colloidal chitin substrate in 200 mM
Potassium phosphate buffer (pH 6.0). The mixture
was incubated at 30°C for 2 hrs, boiled for 10 min
to stop the reaction, and centrifuged at 8000 rpm
for 20 min. Then 1 ml of test supernatant was
added to 1 ml of DNSA (Dinitrosalicylic Acid),
boiled for 5 min, cooled down to room temperature.
Released by NAG (N-acetylglucosamine) was
measured at 540 nM. Standard curve of NAG was
plotted between NAG concentration and NAG
absorbance. One unit of chitinase activity was
described as the amount of enzyme which liberates
1.0 mg NAG per hour from chitin substrate under
reaction condition. Data of chitinase activity were
analyzed for the enzyme from each isolate.

Characterization of Bacterial Isolates

Bacterial isolates were characterized on the basis of
colony characters and Gram’s staining (Bergey’s
manual of determinative bacteriology).

Insecticidal Activity of Bacterial Isolates against
Spodoptera frugiperda

Healthy larvae of Spodoptera frugiperda were
collected from infected cabbage and kept in a
beaker with some cabbage leaves; care was taken to
keep adequate aeration and humidity to keep larvae

alive. Larvae were immediately brought to the
laboratory and used for checking the insecticidal
activity of bacterial isolates as follows. A
suspension of the active culture of each bacterial
isolate was prepared in sterile saline to get 10’
cells/ml as compared with McFarland tube no 5'® "
and few drops of this suspension were applied onto
healthy larvae in a big petri-dish. Control was
prepared by applying sterile saline onto healthy
larvae.

RESULTS AND DISCUSSIONS

During this study, colloidal chitin was prepared;
three isolates A1, A2 and A3 were found on chitin
agar and identified from morphological and cultural
characteristics. Isolate Al appears to be a genus
Actinomycetes where A2 and A3 were found to be
Bacillus sp. During the screening maximum
production of chitinase after 24 hours of incubation,
three isolates from the cotton soil were selected for
further study. Three isolates named A1, A2 and A3
were found to be most effective for chitinase
production. Isolate Al (Actinomycetes spp.) was
found to be more effective followed by A2 then A3
(both Bacillus spp.).Insecticidal activity was found
against larvae of Spodoptera frugiperda. Larvae
were killed by isolate A1 within 5 hours and larvae
treated with isolate A2 were killed after 8 hours and
whereas larvae treated with isolate A3 was killed
after 24 hours. Hence insecticidal activity of three
isolates was found to be in the order of A1> A2>
A3 as shown below. In our study, we found
actinomycetes are the most effective organisms.
Actinomycetes are large group of Gram positive
filamentous bacteria produce variety of insecticidal
compounds and play an important role in biocontrol
of insects'®. Bacillus species are also reported to be
used as biocontrol agents '°.
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Tablel
Colony Characters of Bacterial Isolates on Chitin Agar Incubated
at Room Temperature for Four Days

S.N. Colony Isolate A, Isolate A, Isolate A3

Character

1 Size 2mm 1.5mm 1.00 mm

2 Shape Circular Circular Circular

3 Margin Wavy Wavy Entire

4 Colour White White off white

5 Elevation Flat Flat Convex

6 Surface Rough Wrinkled Smooth

7 Opacity Opaque Opaque Translucent

8 Consistency Powdery Buterous Buterous

9 Grams Gram positive Gram positive Gram positive
nature slender filamentssporulating rodssporulating rods

10 Motility Nonmotile Actively Motile Motile
N.B.: Colonies of Isolate A, and A; appeared after 48 hours. Therefore colony characters and motility
was recorded at the same time.

Table 2
Standard Graph of NAG

S.N. Conc. of NAG pg/ml Optical Density at 540 nm

1 100 0.042
2 200 0.061
3 300 0.08
4 400 0.158
5 500 0.191
6 600 0.229
7 700 0.262
8 800 0.325
9 900 0.334
10 100 0.375
N.B: Stock solution of N- acetyl D-glucosamine=1000 ug/ml in distilled water
Table 3
Chitinase Assay

S.N. Enzyme Optical Density at 540 nm

l. Ay 0.2792
2. Ar 0.2705
3. Az 0.194

NB: A; _Chitinase from isolate A;
A, -Chitinase from isolate A, Aj;_Chitinase from isolate A;
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Figure 1
Chitinase Assay Standard Graph of N- acetyl D-glucosamine

Bolate A,
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Figure 2
Screening and Isolation of Chitinolytic Bacteria from Soil

Figure 3
Production of Chitinase
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Figure 4
Chitinase Assay

Without Application of isolate A,

Figure 5
Spodoptera frugiperda

CONCLUSION

From the above results, it is concluded that all three
isolates have potential insecticidal activity where
isolate A1 which is an Actinomycetes species is the
most effective and has great potential for the
production of bioinsecticides against Spodoptera
frugiperda. Other two isolates A2, A3 belong to
genus Bacillus and also have considerable
insecticidal activity. As these bacteria were isolated
from garden soil and tested for their efficiency

without any manipulation in their genetic makeup
or growth conditions. Isolates could be mass
produced easily in laboratories with limited
resources and can be used as bioinsecticides in the
fields without the threat to environment. Further
studies for characterization of the isolates and other
aspects are being undertaken.

CONFLICT OF INTEREST

Conflict of interest declared none.

This article can be downloaded from www.ijlpr.com

L-14



Int. J. Life Sci. Pharma Res. 2018 July; 8(3): (L) 9-15

REFERENCES

1.

Charnley AK and SA. Collins
Entomopathogenic and their Role in Pest
control. In: Kubicek, C.P. and I.S. Druzhinina
(eds.), Environment and  Microbial
Relationships, 2007; 2" Edition, the
Mycotaiv. Springer-Verlag.

Saugar I, Sanz E, Rubio MA, Espinosa JC,
Jiménez A. Identification of a set of genes
involved in the biosynthesis of the
aminonucleoside moiety of antibiotic A201A
from Streptomyces capreolus. Eur J Biochem.
2002 Nov 1; 269 (22):5527-35.

Bentley SD, Chater KF, A.-M. Cerdeno—
Tarraga, Challis GL, Thomson NR, James
KD, et al. Complete Genome Sequence of the
Model Actinomycete Streptomyces coelicolor
A3 (2). Nature. 2002; 417:141-7.

Basilio Al Gonzalez MF, Vicente J,
Gorrochategui A, Cabello A, Gonzalez and
Genilloud O. Patterns of antimicrobial
activities from soil actinomycetes isolated
under different conditions of pH and salinity.
J. Appl. Microbiol. 2003;95 (4):814-23.
Hussain AA, Mostafa SA, Ghazal SA and
Ibrahim SY. Studies on antifungal antibiotic
and bio insecticidal activities of some
actinomycete isolates. African J. Mycol.
Biotechnol.2002;10 (1):63—-80.

Cruz Ivan, Maria De Lourdes Correa
Flgueiredo, Rafael Braga Da Silva & John E.
Efficiency of chemical pesticides to control
Spodoptera frugiperda and wvalidation of
pheromone trap as a pest management tool in
maize crop. Foster Revista Brasileira de
Milho e Sorgo, 2010;9 (2):107-22.

Mugzzarelli RA, Chitin A. In RAA Muzzarelli
(Ed.), Natural Chelating Polymers: Alginic
Acid, Chitin, and Chitosan New York, NY:
Pergamon Press; 1973; 83-252.

Fukamizo T, Kramer KJ, Mueller DD,
Schaefer J, Garbow J, & Jacob GS. Analysis
of chitin structure by nuclear magnetic
resonance spectroscopy and chitinolytic
enzyme digestion. Arch. Biochem. Biophys,
1986; 249:15-26.
Dahiya N, Tewari
Biotechnological aspects

R &Hoondal GS.
of chitinolytic

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

enzymes: A review. Appl. Microbiol.
Biotechnol. 2006;71(6):773-82.
Sahai AS &Manocha, MS. Chitinase of fungi
and  plants:  their  involvement in
morphogenesis and host parasite interaction”.
FEMS Microbiol. Rev. 1993;11(4):317-38.
Cruz I and Turpin FT. Efeito da Spodoptera
frugiperda emdiferentesestadios de
crescimento da cultura de milho. Pesquisa
Agropecuaria Brasileira. Brasilia, DF, 1982;
17(3):355-9.
Cruz I, Oliveira L] and Vasconcelos CA.
Efeito do nivel de saturacdo de aluminioem
solo acidosobreosdanos de Spodoptera
frugiperda (J. E. Smith) emmilho. Anais da
Socieda de Entomologica do Brasil,
Jaboticabal, 1996; 25:293-7.
Cruz L Manejo da resisténcia de
insetospragasa inseticidas com énfaseem
Spodoptera frugiperda (Smith). SetelLagoas:
Embrapa Milho e Sorgo, (Embrapa Milho e
Sorgo. Documentos, 2002; 2:15.
Saima M, Kuddus Roohi IZ Ahmad. Isolation
of novel chitinolytic bacteria and production
optimization of extracellular chitinase.
Journal of Genetic Engineering and
Bacteriology, 2013; 11(1):39-46.
Hsu SC and Lockwood JL. Powdered chitin
agar as a selective medium for enumeration
of actinomycetes in water and soil. Applied
microbiology. Appl. Microbiol.
1975;29(3):422-6
Monreal J and Reese ET. The Chitinase of
Serratia marcescens. Can. J.
Microbiol. 1969;15(7):689-
96.http://dx.doi.org/10.1139/m69-122.
McFarland J. Nephelometer: An Instrument
for estimating the number of bacteria in
suspensions used for calculating the opsonic
Index and for Vaccines. J. Am. Med. Assoc.
1907;49(14):1176-8.
http://dx.doi.org/10.1001/jama.1907.2532014
0022001f.
Washington JA, Warren E, Karlson AG.
Stability of Barium Sulfate Turbidity
Standards, Appl. Microbiol, 1972;24
(6):1013.
Herbert Ak. The Spinosyn Family of
Insecticides: Realizing the Potential of
Natural Products. Research J. Antibiot. 2010;
63(3):101-1.

This article can be downloaded from www.ijlpr.com

L-15



