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Abstract.- Chitinases are virulence determination factors of entomopathogenic fungi which perform critical
functions during degradation of insect cuticle. The present study was conducted to evaluate the biocontrol efficacy of
fungal culture filtrate containing chitinase from M. anisopliae against P. xylostella. M. anisopliae was cultured by
submerged fermentation using colloidal chitin as sole carbon source. Maximum chitinase yield (105.32+1.19 mU/ml)
was recorded at 96 h of incubation showing the ability of the culture filtrate to hydrolyse the colloidal chitin.
Biocontrol assay against P. xylostella showed that the culture filtrates were potent antifeedants by reducing the feeding
rate and body weight of the larvae. It reduced the successful pupation and increased larval and pupal mortality in a
dosage-dependent manner when applied topically. The highest larval mortalities (67.8943.11 %) were recorded for
groups treated with 600 mU ml™" chitinase activity. The maximum reduction in cuticular weight (75+1.34%) and
reduction in chitin content/larva (69+2.11 ) was also observed for the highest chitinase concentration (600 mU ml™")
tried. Our results showed that the culture filtrate containing chitinase from M. anisopliae are capable of negatively
affecting the growth and metamorphosis of P. xylostella larvae. In view of the need for safer and environmentally
friendly pest management tools, the present study can help in the development of enzyme-based biopesticides against

P. xylostella.
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INTRODUCTION

Insect cuticle is a composite structural

material with mechanical properties that are optimal
for their biological functions. The cuticle consists of
a thin outer epicuticle containing lipids and proteins
and a thick procuticle consisting mainly of chitin
and proteins (Andersen et al., 1995; Samson et al.,
1988). Entomopathogenic fungi enter their hosts
through direct penetration of the cuticle, which is a
barrier against most microbes. Consequently, fungal
pathogens have a potential as a biological means of
controlling sap-sucking insects that have not been
easily controlled with chemical pesticides. During
the fungal penetration through the host cuticle,
hydrolytic enzymes such as proteases, chitinases,
and lipases are produced and secreted and are
important for the initiation of the infection process
(Schagger and von Jagow, 1987; Yang and Yeh,
2005). Chitinases catalyze the hydrolysis of chitin,
which is a b-(1,4)-linked polymer of N-acetyl-D-
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glucosamine and one of the important structural
components of insect cuticle (Tsigos and Bouritos,
1995). Chitinases are produced by a large number of
organisms including plants, fungi, and bacteria, and
play an important role in the defense mechanism of
plants against pathogens and in the mycoparasitic
process of fungi. They also play an important role in
nutrition, development, and morphogenesis of fungi.
However, the role of the chitinases in the host
infection process is not yet fully understood.

Metarhizium anisopliae Sorokin
(Clavicipitaceae; Hypocreales) is one of the most
promising  fungal species currently  being

investigated as a biological control agent against
diamondback moth, whiteflies and other insect pests
(Altre et al, 1999). A range of extracellular
enzymes that can degrade the components of the
insect cuticle are produced when M. anisopliae is
grown in vitro with cuticle as the sole carbon source
(Clarkson and Charnley, 1996). The regulation of
cuticle-degrading enzyme is probably complex and
may involve a combination of carbon/nitrogen
induction and/or repression (Ali et al., 2009).
Although much work has been carried out on the
chitinolytic activity as well as characterization of
chitinases produced by different entomopathogenic
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fungi yet the role of purified enzymes in fungal
pathogenicity has not been well studied.

The objective of the present study was to
evaluate the efficacy of fungal culture filtrate as
biocontrol agent against diamondback moth. M.
anisopliae isolate M408 was cultured under
submerged condition and the culture filtrate was
analyzed for both chitinase and protease activities.
Lyophilized extracts were tested on the larvae.
Effect of enzyme feeding on larval development
was measured by observing the rates of feeding and
changes in body weight induced by the treatment.
Effect of topical application of enzymes on larval
development was measured by changes rate of
pupation, adult emergence, mortality and rates of
cuticle degradation induced by the treatments.

MATERIALS AND METHODS

Fungal strains

M. anisopliae isolates (M408) originally
isolated from soil (Liu, 2006), deposited to the
collection at Engineering Research Center of
Biological Control, South China Agricultural
University were used during these studies. To
produce the inoculum for each assay M. anisopliae
was cultured on potato dextrose agar (Potatoes,
infusion 200 g/L; Dextrose 20 g/L and Agar 20 g/L)
and incubated at 26+2°C for 10 days (Ali ef al,
2009). Conidia were harvested with distilled water
containing 0.03% Tween 80 and sieved through
filter paper into sterile vials. Conidia were counted
using a compound microscope in hemocytometer
(0.0625m m?; Fuchs-Rosenthal Merck Euro Lab,
Darmstadt, Germany) to calibrate a suspension of
1x10” conidia/ml.

Insect cultures

Larvae of P. xylostella were obtained from the
stock cultures kept in greenhouse of the Engineering
Research Center of Biological Control, South China
Agricultural University on Brassica campestris L.,
respectively. Plants were grown in plastic pots
having a diameter of 15 cm. Sufficient slow release
fertilizer =~ (N:P:K=13:7:15, Shenzhen Batian
Ecotypic Engineering Co., Ltd., Xili Shenzhen,
China) was added as required to maintain normal
plant growth. Second instar larvae were used for

antifeedant studies whereas fourth instar was used
for growth inhibition studies.

Submerged fermentation and preparation of enzyme
concentrations

The chitinase was produced by growing M.
anisopliae in liquid. Basal medium (pH 7.2) which
consisted of glucose 0.2% (w/v), peptone 0.5%
(w/v), MgS0O4 0.01% (w/v), KHPO, 0.1% (w/v)
and SDS 0.25% (w/v). As a carbon source 1% chitin
was added to previously sterilized basal medium
(121°C, 15 min) The flasks were inoculated with
one ml of 1 x 107 spores/ml and incubated at 180
rpm and 30°C for 5 days. Samples were removed at
24 hrs intervals used for further enzymatic analysis.
To prepare the culture filtrates for biological control
studies the inoculum was harvested by
centrifugation at 1000 x g for 10 min at 4°C in a
Microfuge®18 with a F241.5P rotor (Beckman
Coulter, Inc, USA). The clear supernatant was
concentrated to powder (600 mU ml'") by
lyophilization. The powder was reconstituted with
distilled water to obtain the other enzyme
concentrations (400, 200, 100, 50 mU ml™” powder)
and distilled water was used as a control.

Determination of antifeedant activity

The efficacy of fungal culture filtrate as an
antifeedant was tested by feeding larvae with fresh
B.  campestris leaves coated with different
concentration of chitinase. Leaf discs (10 cm?) were
dipped in enzyme preparation and air dried on paper
before being fed to the larvae. Leaf discs similarly
treated in culture filtrate produced in the absence of
chitin were used as control. The leaf discs were
replaced on daily basis. Feeding with treated leaves
was continued for 4 days after which normal
feedings were resumed. The insects were placed in
an air-conditioned room at 26°C and >95% R.H.
The rate of feeding was measured by noting the leaf
area consumed by the larvae (using AM 300
portable leaf area meter, Dynamax Inc, USA) and
was percent transformed by the following
relationship

Percentage leaf consumption = (Leaf area
consumed/total leaf area) x 100%

Effect of feeding on larval development was
measured by changes in body weight. Each



CHITINASE AS BIOPESTICIDE 523

treatment and control was repeated three times with
a new batch of insects and new conidial
suspensions, and for each repetition with four
leaves, each leaf with 20 diamondback moth larvae.

Studies on growth inhibition of diamondback moth

In the bioassay experiment for growth
inhibition five microlitres of each preparation was
applied topically on the thorax back of the 4™ instar
larvae (20 larvae/treatment) using a micropipette.
Five micro litres of distilled water served as control.
After the application of different treatments larvae
were left to air dry before being transferred to 20-
cm diameter clean glass petri dishes and a piece of
filter paper (20 cm in diameter) was placed at the
bottom of the dish with a few drops of water to
maintain the moisture. Topical application was
continued for 3 days after which the larvae were left
undisturbed. Leaf disks were replaced every 2 days
except during the pupal stage. The insects were
placed in an air-conditioned room at 26°C and
>95% R.H. and the effect of filtrate applications on
larval development was measured by changes in rate
of pupation, adult emergence and mortality induced
by the treatments.

The effect of different treatments on larval
development was represented as the percentage of
successful pupation at the end of the test period.
Successful pupation was defined as the formation of
healthy pupae which can or have already developed
into normal adults at the end of the test period (10
days).

Determination of reduction in cuticle weight and
chitin contents

Five microlitres of each concentration was
applied topically on the thorax back of the 4™ instar
larvae using a micropipette whereas the application
of distilled water served as control. After this larvae
were left to air dry before being transferred to 20 cm
diameter clean glass Petri dishes and a piece of
filter paper (20 cm in diameter) was placed at the
bottom of the dish with a few drops of water for
maintenance of moisture. Leaf disks were replaced
every 2 days except during the pupal stage. The
insects were placed in an air-conditioned room at
26°C and >95% R.H. and the rate of % mortality
induced by the treatments were observed at every

24hrs interval. Larvae were observed for mortality
up to 5 days and dead larvae were kept at 4°C. After
5 days, the cuticle of all the larvae was removed in
Ringer’s solution (NaCl, 0.9%; KCI, 0.04%; CaCl,,
0.02%). The amount of chitin in larval cuticle was
estimated according to Nahar (2004). The percent
reduction in cuticular weight as well as % reduction
in chitin contents was calculated relative to control.

Analytical determinations

Colloidal chitin was prepared by the method
of Roberts and Selitrenikoff (1988) with some
modification. One hundred grams of chitin flakes
were added slowly to 1.75 liter concentrated HCI
and agitated gently for 3 hours on a magnetic stirrer.
This solution was then filtered to 20 liter of pre
chilled distilled water with constant mixing and
allowed to settle. A dense white precipitate formed
was then centrifuged at 10,000 rpm for 10 min at
4°C. The precipitate was then washed in cold
distilled water repeatedly until the pH of the wash
reached near to 5.5. The supernatant was discarded
and colloidal chitin was then kept in refrigerator for
future use.

Chitinase assay was based on the estimation
of reducing sugars released during the hydrolysis of
colloidal chitin. The reaction mixture contained 0.5
ml of enzyme, 0.5 ml of 0.5% colloidal chitin and
1.0 ml of citrate phosphate buffer pH 5.6. The
mixture was kept in a water bath at 37°C for 1 h.
The amount of reducing sugar liberated was
estimated by Miller’s (1959) method at 560 nm.
One unit (U) of activity was defined as the amount
of enzyme which catalyzed the release of one pg of
reducing sugar per ml per minute under the reaction
conditions. Protein concentration was determined
according to Bradford (1976) using bovine serum
albumin as a standard.

Chemicals and reagents

All the chemicals were obtained from
Guangzhou Jinhuadu chemical reagent company,
Guangzhou, China. Chitin obtained from crab shell
was purchased from Sinopharm Chemical Reagent
Company, Shanghai, China.
Statistical analysis

Protein production and enzymatic activities
after 5 days, % pupation and adult emergence were
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analyzed by Analysis of variance (ANOVA) and
treatment means were compared by using Tukey’s
test for mean comparisons at 5% level of
significance. Data regarding sequential production
of different enzymes, % larval feeding and changes
in larval body weight were analyzed by Repeated
Measures ANOVA. Mortality data was percent
transformed and subjected to ANOVA followed by
the Tukey’s test. All statistical analyses were
performed using SAS 8.01 (SAS, 2000).

RESULTS

Chitinase production by M. anisopliae in the basal
medium having 1% chitin as carbon source

The chitinase activity shown by M. anisopliae
in the basal medium differed significantly at
different incubation periods (Fs;, = 29.47,
P<0.001). Maximum chitinase yield (105.32+1.19
mU/ml) was recorded at 96 h of incubation. Beyond
this period, the enzyme yield was found to be
decreasing as shown in Table I. At 120 h, the yield
was reduced when compared to the yield obtained at
96 h however, the amount of secreted protein varied
significantly at different time intervals (Fs 1, = 10.6,
P<0.021) and gradually increased with the passage
of time having highest protein concentration
(124.14+1.23 U/ml) after 120h (Fig.1).

Table I.- Effect of different concentrations of chitinase
from 1. fumosoroseus on cuticle degradation of

P. xylostella

Concentrations Reduction cuticle Reduction in chitin

(mU/ml) weight (%) content (%)
600 75+1.34 a 69+2.11 a
400 69+1.82 b 60+1.76 b
200 59+1.65 be 51+1.36 ¢
100 42+1.23 ¢ 34+1.51d
50 26£1.15d 22+0.87 ¢
F; df; P 12.97; 4; <0.001 14.69; 4; <0.001

Mean (+ SE; n = 3) in the same column with different letters are
significantly different from each other (Tukey’s, P<0.05)

Effect of chitinase on larval feeding rate

The different concentrations of -chitinase
when used for coating the leaves resulted in a lesser
consumption of feed by the larvae (Fig.3). A

significantly different interaction effect between the
culture filtrates of different concentrations used for
coating the leaves and different time intervals was
observed for % leaf consumption (Fa ¢ = 17.92,
P<0.0001). For chitinase concentration of 600
mU/mL, larval feeding was lowest than in the case
of other treatments as well as control, while
statistically similar rates of feeding were observed
for 100 and 200 mU/mL. After 5 days feeding rate
for 50 mU/mL was comparatively higher but these
were still lower than the control on that day (Fig. 2)

Chitinase Activity(mU/mg)
~
o
Protease (U/mL)
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Fig 1. Chitinase activity of M.anisopliae
at different temperatures after 5 days of growth.
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Fig 2. Effect of different concentrations of
chitinase on larval feeding rate. Bars represent
standard error of means (Based on three
independent replicates).

Effect on larval body weight
Data presented in Figure 3 shows
significantly different changes in mean body
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weights of experimental groups fed on leaves
treated with different chitinase concentrations.
Interaction effect between the culture filtrates of
different isolates used for coating the leaves and
different time intervals for increase in body weight
by the larvae (Fas1290 = 21.97, P<0.001). The control
group performed better in terms of growth as
indicated by increased body weight. It might be
speculated that feeding on treated leaves might have
led to the destruction of peritrophic membrane
which ultimately lead the larvae being not able to
feed well and result in slow growth rate. Almost
similar rates of increase in body weight were
observed for enzyme concentrations of 200 and 100
mU/mL while for 600 mU/mL the rates of larval
growth were lowest when compared to the other
treatments (Fig. 3).

Larval weight (mg)
©
&

1 2 3 4 5 6 7 8 9 10
Days

Fig. 3. Effect of different concentrations
of chitinase on larval weight. Bars represent
standard error of means (based on three
independent replicates).

Effect on larval development

The percentage of successful pupation was
calculated based on the sum of healthy pupae and is
represented in Figure 4. The percentage pupation
after 10 days culture filtrates application was
significantly different among different treatments
and control (Fs;; = 31.12, P<0.001). The lowest
rates of successful pupation were observed for 600
mU/mL having mean value of 11.50+£0.64%, while
the highest rates of % pupation (74.30+1.08%) was
observed for the control.

Effect on adult emergence

Significantly different rates of % adult
emergence were observed among enzyme
concentrations and control (Fs;, = 27.51, P<0.001).
The percentage of adult emergence was lowest
(4.67£0.57%) for enzyme concentration of 600
mU/mL while the highest rate of adult emergence
was observed for control (Fig. 4).
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Fig. 4. Effect of different concentrations
of chitinase on % pupation. Legends different
letters are significantly different from each
other (Tukey’s, P<0.05); Bars represent
standard error of means (based on three
independent replicates)

Effect on larval mortality

Mortality of larvae / pupae because of
chitinase treatments was measured on the 10th day.
At the end of the test period, significantly different
rates of percentage mortality were observed between
different treatments and control (Fs;; = 19.76,
P<0.001). The lowest mortality was (3.80£1.096
%) was recorded for control and the highest
mortality was observed for chitinase concentration
600 mU/mL having a mean value of 67.89+£3.11%

(Fig.5).

Effect of chitinase on cuticle degradation of P.
xylostella

The weight of the cuticle /larvae as well as
chitin content/larvae was significantly affected by
the application of different concentrations of
chitinase from M. anisopliae. With the increase in
concentration of chitinase, the loss in weight of
cuticle/larva and chitin content/larval cuticle
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became more pronounced suggesting the
degradation of chitin in the cuticle due to chitinase
(Table I). It can be observed that the percentage of
reduction in the cuticular weight was lowest
(26x1.15 %) for 50mU/mL while the maximum
reduction (75+1.34%) was observed at chitinase
concentration of 600mU/mL. Similarly the highest
reduction in chitin contents/larva (69+£2.11 %) was
observed for 600 mU/mL, whereas the lowest
reduction was observed for control (Table I).
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Fig 5. Effect of different concentrations of
chitinase on % adult emergence. Legends
different letters are significantly different from
each other (Tukey’s, P<0.05); Bars represent
standard error of means (based on three
independent replicates).

a
b
] ¢
| cd
1 d
| :
50 100 200 400 600

Control

% Mortality
Now B o @ N ® o B
82 8 8 8 8 3 8 8 8

.
1=

o

Concentrations (mU/mL)

Fig 6. Effect of topical application of
different concentrations of chitinase on
percentage mortality of P. xylostella. Legends
different letters are significantly different from
each other (Tukey’s, P<0.05); Bars represent
standard error of means (based on three
independent replicates).

DISCUSSION

Chitin, a naturally abundant
mucopolysaccharide and the supporting material of
crustaceans, insects etc consist of 2-acetamido 2-
deoxy-f-D-glucose (N-acetyl glucosamine) through
a PB(1-4) linkage (Majeti, 2000). The complete
enzymatic hydrolysis of chitin to free N-acetyl
glucosamine is performed by a chitinolytic system
consisting of two fractions, endochitinase and
chitobiase. The physiological functions of chitinase
(EC 3.2.1.14) depend on their source. In bacteria,
chitinases play roles in nutrition and parasitism
whereas in fungi, protozoa and invertebrates they
are involved in morphogenesis. Chitinases are
involved in the defense mechanism of plants and
invertebrates (Gooday, 1995). During the last
decade, chitinases have received increased attention
because of their wide range of applications. The
major applications include use of chitinases for the
biocontrol of plant pathogens (Lorito et al., 1993;
Mathivanan et al., 1998) and for developing
transgenic plants (Lorito and Scala, 1999; Bolar et
al., 2000).

Insect cuticle is a composite material
consisting of a thin lipid—protein-rich epicuticle
covering the bulky procuticle. The procuticle is
composed of the exo- and endocuticle which are
composed mainly of chitin and protein, wherein the
exocuticle is generally melanized (Andersen, 2002).
Insects periodically shed their old exoskeletons and
either continuously or periodically shed their
peritrophic membranes and resynthesize new ones.
This process is mediated by the elaboration of
chitinases in the moulting fluid that accumulates in
the space between the old cuticle and the epidermis
and in the gut tissue. The N-acetylglucosamine-
containing products of hydrolysis are ultimately
recycled for the synthesis of a new cuticle. Often the
larvae will ingest and digest the old cuticle or
exuvium, the components of which are also
recycled. This behaviour coincides with the period
of chitinase expression in the gut. In order to
penetrate penetration through the insect cuticle,
deuteromycete fungi such as Metarhizium produce
chitinase, protease and lipase, commonly referred to
as cuticle-degrading enzymes (St. Leger et al., 1986;
Krieger de Moraes et al., 2003). Early studies by
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Coudron et al. (1984) demonstrated that chitinolytic
activity in several entomopathogens was important
for growth and potentially needed for penetration.
Chitinase activity compared with the rate of fungal
development in isolates of Nomuraea rileyi, which
is parasitic on larvae of Trichoplusiani, the cabbage
looper, showed significantly higher levels of an
endochitinase and -1,4,N-acetylglucosaminidase in
two virulent N. rileyi strains compared with an
avirulent mutant strain grown over a period of
30 days (El-Sayed et al., 1989). In the virulent
isolates, the chitinase activity/total protein ratio
during germination (2 days) was as much as 35
times greater than that found in conidia at day 0.
Chitinase activity was also present at the onset of
the blastospore stage (3 days) which is a stage
critical to penetration of the chitin-ladened host
insect cuticle. Thus, it was speculated that
chitinolytic enzymes play a role in dissolution of

insect cuticles during penetration by
entomopathogenic fungi (Sahai and Manocha,
1993).

Perforations of the peritrophic membrane was
proposed by Brandt et al. (1978), thus facilitating
entry of pathogen into the susceptible insects.
Perforation of peritrophic membrane was also
observed by Regev et al. (1996) when 5" instar
Spodoptera larvae were fed on a diet containing a
recombinant endochitinase encoded by Serratia
marcescens. Binod et al. (2005) showed that the
culture filtrates containing chitinase from T.
harzianum negatively effected the growth and
metamorphosis of Heliothis larvae. Our studies are
also in line with the above mentioned findings
showing that the different enzyme levels are capable
of causing an inhibitory effect on the growth and
metamorphosis of P. xylostella. It is also evident
from our findings that a considerable reduction in
the cuticular weight, % chitin contents and
percentage mortality until the pupal stage. It can
also be speculated that the emerging adults from
treated larvae may be abnormal or incapable of
normal life. Keeping in mind the very slow speed of
kill of entomopathogenic fungi, there is a need to
find alternate ways of using these pathogens in
biological control of insects and a possible alternate
can be the use of the use of chitinase sprays
combined with other pesticide formulations to

facilitate faster kill of insect pests.

The results described above confirm the
degradative action of chitinase preparation on the
insect cuticle, which ultimately led to insect death.
But so far, the effect of cuticle degrading enzyme
complex of M. anisopliae in the control of P.
xylostella was not demonstrated. Therefore, it can
be concluded that the study of chitinase in M.
anisopliae is important because it perform critical
functions by their involvement in growth and
degradation of the fungal cell wall and insect
cuticle, as chitin is a major component of both and
are virulence determination factors (Kachatourians,
1991, 1996; Charnely, 1997). Implication of
chitinases in degradation of insect cuticle could thus
be an important tool in the knockdown of insects,
especially P. xylostella in shorter time. However,
stability of the enzyme preparation under field
conditions would be a major concern and needs
further studies in the future.
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