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Abstract
Cowpea crops are severely attacked by Callosobruchus maculatus, a Coleopteran that at the larval stage penetrates into stored seeds and feeds
on cotyledons. Cowpea weevil control could be based in utilization of bacteria and fungi to reduce pest development. Entomopathogenic fungi,
such as Metarhizium anisopliae, are able to control insect-pests and are widely applied in biological control. This report evaluated ten M.
anisopliae isolates according to their virulence, correlating chitinolytic, proteolytic and α-amylolytic activities, as well proteomic analysis by two
dimensional gels of fungal secretions in response to an induced medium containing C. maculatus shells, indicating novel biotechnological tools
capable of improving cowpea crop resistance.
© 2005 Elsevier Inc. All rights reserved.
Keywords: Chitinase; Secretome; Metarhizium anisopliae; Two-dimensional gels; Proteinase

1. Introduction
Cowpea (Vigna unguiculata) is a subsistence crop for small
holder farmers in Africa and Latin America. These crops are
severely attacked by Callosobruchus maculatus, a bruchid that
at the larval stage penetrates into stored seeds and seedpods and
feeds on cotyledons. This pest significantly reduces the quanAbbreviations: MM, minimal medium; MMC, minimal medium + 0.5% C.
maculatus exoskeleton; PDA, potato dextrose agar; 3.5 DNS, 3.5 dinitrosalicylic acid; IPG, immobilized pH gradient; DTT, dithiothreitol; SDS–PAGE,
sodium dodecylsulfate–polyacrylamide gel electrophoresis.
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tity and quality of seeds. The development of a single larva in
cowpea grains can lead to weight losses of 8–22%, causing up
to a 37% loss in the cowpea crop (Credland et al., 1986).
Cowpea weevil control currently relies on the use of inefficient chemical insecticides, given the to endophytical life cycle
and also on biological control (Jackai and Adalla, 1997), which
focuses on the use of bacteria, protozoa, nematodes, viruses and
fungi (Chapman, 1974; Kaya and Gaugler, 1993; Legner, 1995;
Becker and Ascher, 1998; Scholte et al., 2004). In the last few
years, several entomopathogenic fungi with the ability to control Coleopteran pests have been investigated (Adane et al.,
1996; Moino et al., 1998; Rice and Cogburn, 1999; Bourassa
et al., 2001; Kassa et al., 2002). Among them, Beauveria
bassiana and Metarhizium anisopliae have been evaluated in
order to measure their virulence towards stored bruchid pests
(Cherrya et al., 2005). Isolates often perform well in short-term
laboratory bioassays, causing enhanced mortality rates within
1–2 weeks, although they may have significant variability in
their virulence and host specificity, according to origin and
culture history of individual isolates (Cherrya et al., 2005).
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Furthermore, the ascomycete M. anisopliae has also been
shown capable of penetrating through the insect cuticle, secreting hydrolytical enzymes such as chitinases, proteinases and
lipases, commonly referred to as cuticle-degrading enzymes
(Moraes et al., 2003; Leger et al., 1986) being effective toward
several arthropods (Frazzon et al., 2000; Shah and Pell, 2003;
Cherrya et al., 2005). Furthermore, the study of the extracellular proteome from Trichoderma harzianum and their contribution to biocontrol has been receiving increased attention, since
this technique was utilized to identify new hydrolytic enzymes
involved in colonization process (Suarez et al., 2005).
In this report, insecticidal bioassays of ten different isolate of
M. anisopliae were evaluated. Proteinaceous secretions were
analyzed in the most virulent isolate by two-dimensional electrophoresis and by chitinolytic, proteolytic and α-amylolytic
activity, to assess novel biotechnological tools for cowpea
weevil control.
2. Material and methods
2.1. Insects and isolates of M. anisopliae
C. maculatus colonies were maintained in flasks containing
cowpea seeds (V. unguiculata) and incubated at 28 °C with 60–
70% UR. In vitro assays were carried out using adults removed
from colonies 24 h after oviposition. These insects were dehydrated at 49 °C for 48 h and macerated for posterior use in
bioassays.
Initial screenings were performed using ten isolates of M.
anisopliae var. anisopliae obtained from the Entomopathogenic
Fungal Collection of Embrapa Recursos Geneticos e Biotecnologia (Brasília, Brazil) preserved in liquid nitrogen. Most isolates used in this work were obtained from colonized
Coleopteran insect-pests (Table 1).
2.2. Isolate screening and pathogenicity studies
Fungi utilized in bioassays were grown on PDA (potato
dextrose agar) medium for 15 days at 28 °C. Conidia were
suspended in 0.1% Tween 80 to obtain a dilution of 1 to 4 × 108
conidial mL− 1. Conidial solutions (2.0 mL) were sprayed upon
Table 1
M. anisopliae isolates screened against C. maculatus
M. anisopliae
isolate number a

Host

Origin

Concentration
(conidia mL− 1)

CG34
CG38
CG97
CG100
CG210
CG236
CG256
CG292
CG293
CG294

Conotrachelus sp.
Coleoptera: Scarabaeidae
Coleoptera: Scarabaeidae
Coleoptera: Scarabaeidae
Cerotoma arcuata
Coleomegilla maculate
Chalcodermus aeneus
Aphodius tasmaniae
Ancognatha scarabaeoides
Popillia japonica

AM-Brazil
RO-Brazil
DF-Brazil
DF-Brazil
GO-Brazil
GO-Brazil
GO-Brazil
Australia
Colombia
Japan

2.9 × 108
3.3 × 108
2.7 × 108
2.8 × 108
4.6 × 108
2.9 × 108
1.5 × 108
1.6 × 108
1.6 × 108
4.4 × 108

AM = Amazônia, RO = Rondônia, DF = Distrito Federal, GO = Goiânia.
a
Isolate numbers correspond to reference number of Embrapa Recursos
Genéticos and Biotechnology Fungal Collection, Brasília, DF, Brazil.

insects using a Potter Spray Tower (Burkard Manufacturing,
Hertfordshire, England). A control treatment was conducted by
spraying with 2.0 mL 0.1% Tween 80 solution. Prior to application, adult insects were immobilized using a CO2 flush. Three
replicates (ten insects each) were performed for each isolate.
After applications, insects were conditioned in an incubator
chamber at 28 °C and observed daily for mortality assessment.
Dead insects were maintained in humidified chambers to confirm if mortality was caused by fungal infection. For bioassays,
conidial suspensions at 5 different concentrations were used
(CG5: 1.41 × 105, 106, 107, 108 and 109 conidia mL− 1; CG7:
1.61 × 105, 106, 107, 108 and 109 conidia mL− 1; CG34:
1.24 × 105, 106, 107, 108 and 109 conidia mL− 1; and CG100:
1.00 × 105, 106, 107, 108 and 109 conidia mL− 1), using 0.1%
Tween 80 solution as negative control. Each isolate dosage was
measured in triplicate. Conidial number deposited per unit of
area was calculated and used for equipment calibration according to Vicentini et al. (2001). Application procedures and
mortality evaluation were done in the same way as described
in screening bioassays. CL50, regression parameters and significance of each isolate were calculated using the Probit method using Micro Probit 3.0 (Thomas and Sparks, 2001).
Superposition of confidence intervals of 95% was used to test
statistical differences in CL50s of isolates.
2.3. Enzyme and secretomic production
All strains (CG34, CG38, CG97, CG100, CG210, CG236,
CG256, CG292, CG293, CG294) isolated from the C. maculatus exoskeleton, were grown in a complete medium (0.0001%
FeSO4, 0.05% KCl, 0.15% KH2PO4, 0.05% MgSO4·7H2O,
0.6% NaNO3, 0.0001% ZnSO4, 0.15% casein hydrolyzed,
0.05% yeast extract, 1% glucose, 0.2% peptone and 2% agar)
and incubated for 10 days at 28 °C. Spores (107) were inoculated in TM medium containing 0.1% bactopeptone, 0.03% urea,
0.2% of KH2PO4, 1.4% (NH4)2SO4, 0.03% MgSO4·7H2O,
0.3% C6H12O6 and FeCl3 as trace element. After 3 days of
incubation, mycelia were transferred to minimal medium
(MM) 0.2% KH2PO4, 0.03% MgSO4, 1.4% (NH4)2SO4 and
FeCl3 as trace element, and to MM containing 0.5% C. maculatus-dehydrated cuticle (MMC). Both were re-incubated for
3 days at 29 °C at 130 rpm rotation. Both broth were doublefiltered and stored at −20 °C. In order to standardize all samples, the Bradford method (1976) was used for protein quantification with bovine serum albumin (BSA) as standard.
Distilled water served as a negative control.
2.4. Hydrolytic enzyme assays
Proteolytic activity in fungal secretions was evaluated
according Noronha et al. (2002). 100 μg of secreted proteins
were added to tubes containing 500 μL of 5% casein pH 8.0
as substrate. Reaction was buffered with 100 μL of 0.05 M
sodium acetate pH 6.8. After incubation for 30 min at 40 °C,
1500 μl of 5% tricloroacetic acid was added. Samples were
centrifuged at 10 000×g for 15 min at 4 °C and the supernatant optical density was measured at 280 nm. Chitinolytic
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Table 2
C. maculatus mortality (media values) caused by different M. anisopliae
isolates
M. anisopliae var. anisopliae
Isolate

Mortality (%)

CG34
CG292
CG100
CG38
CG97
CG210
CG236
CG256
CG293
CG294
Control

26.7
14.2
10.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

367

Strips containing 200 μg of MMC and MM were rehydrated
with 2% CHAPS, 8 M urea, 7 mg dithiothreitol (DTT) and 2%
IPG buffer for 16 h following isoelectric focusing, which was
carried out for 380 min at 3 kV, 2 mA and 5 W. After the first
dimension, strips were equilibrated in a solution containing 6 M
urea, 1% DTT and 2% SDS for 15 min and then applied to gels.
SDS–PAGE second dimension (18 × 24 cm2), as well as mini
gels were performed at 12.5% as described by Laemmli (1970).

activity was detected as previously described by Ulhoa and
Peberdy (1992). Assays were conducted using 186 μg mL− 1
concentration. For negative controls, 500 μl of MMC and
MM boiled samples were added in flasks containing 500 μL
of 1% colloidal chitin at pH 5.0 as substrate. The same
procedure was done with MMC and MM un-boiled samples.
Triplicate assays were incubated for 6 h at 37 °C. Samples
(250 μL) were transferred to tubes containing 1000 μL of 1%
3,5-dinitrosalicylic acid (3,5-DNS) and boiled for 5 min. Both
reactions were analyzed with a spectrophotometer at 530 nm.
An acetylglucosamine glucose curve was carried out as standard as described by Miller (1959). α-Amylase activity was
determined according to Bernfeld (1955) in sodium acetate
buffer 0.05 M, pH 6.8. 250 μL of 1% starch was added as
substrate and each fraction was incubated at 37 °C for 20 min.
Enzyme activities were determined in triplicate by adding 1.0
mL 3,5-DNS (1% dinitrosalicylic acid, 0.2 N NaOH, 30% Na/
K-tartrate). Optical density was measured at 530 nm. One
enzyme unit (1 U) was defined as the amount of enzyme
that increased the absorbance by 0.1 OD during timed assays
described before. Each assay was carried out in triplicate.

A
2

1

0
MM

MMC

12

Proteolytic Activity
(Relative Units. mg-1 of Protein)

Each assay was carried out in triplicate, not differing more than 12%.

Chitinolytic Activity
(Relative Units. μg-1 of Protein)

3

B
8

4

0
MM

MMC

0,9

Isoelectric focusing and molecular mass separation were
conducted according to Gorg et al. (1988) using 18-cm immobilized pH gradient (IPG) strips with a pH range of 3–10 and a
Multiphor II electrophoresis system from General Electric.
Table 3
CL50 (95% fiducial limits) and regression parameters a (y-intercept) and b
(slope) (estimated by probit method) for four fungal isolates tested in adults of
C. maculatus
M. anisopliae

CL 50 (conidia cm− 2)

a

b ± S.E.

χ2

CG34
CG100

1.4 × 104 (6.5 × 103–2.9 × 104)
1.8 × 104 (5.9 × 103–5.1 × 104)

1.8
2.9

0.8 ± 0.1 b
0.5 ± 0.1 c

4.2 ns
7.1 ns

χ2 indicates data adjustment to probit model.
Values of b followed by different minus letters indicate significant statistical
differences (ANOVA: F(3,16) = 34.37, p b 0.001; and Student–Newman–Keuls
test: p b 0.05).

α-Amylolytic Activity
(Relative Units. μg-1 of Protein)

2.5. Gel electrophoresis

C
0,6

0,3

0

MM

MMC

Fig. 1. Comparative chitinolytic (A), proteolytic (B) and α-amylolytic (C)
activities of M. anisopliae secretion in absence (MM) and presence (MMC) of
C. maculatus exoskeleton. Vertical bars correspond to standard deviation.
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kDa
181

CL50 isolated tested were done in the range of 1 to 5 × 104
conidia cm− 2 (Table 3). A statistical difference was found
between values of slope regression line (Table 3) indicating
that, despite similar CL50 values, the isolate CG 34 showed
increased lethality.
As previously described, supernatant obtained from minimal
medium in the presence and absence of C. maculatus exoskeleton were double filtered after 24, 48 and 72 h of incubation.
After 3 days, 267 μg mL− 1 protein concentration was observed
in MMC, while only 49 μg mL− 1 was found in MM. These data
clearly indicate enhanced protein concentration in response to
C. maculatus exoskeleton presence. Additionally, to verify
hydrolytic enzymes secreted by M. anisopliae, chitinolytic,
proteolytic and α-amylolytic assays were performed using isolate CG34. This isolate was observed to have high chitinolytical
and proteolytical activities and a low α-amylolytical activity in
MMC. Nevertheless very low enzyme activity rates were
detected in MM (Fig. 1A, B, C). These results were expected
since the unique carbon and nitrogen sources supplied to the
fungus were derived from chitin-rich and protein-rich exoskeletons. An enhanced production of proteinases and chitinase
clearly demonstrate an expression induced by the presence of
specific substrates. In contrast, low α-amylolytical activity was
detected in MMC, since insect shells do not contain starch.
To analyze fungal secretion, 100 μg of each sample were
applied in a 12.5% SDS–PAGE gel (Fig. 2) showing proteins
produced by M. anisopliae in induced and non-induced broth.
Numerous protein bands with diverse molecular masses could
be visualized in MMC, with approximately 27 kDa, 30 kDa, 37
kDa, 45 kDa, 50 kDa and 80 kDa (Fig. 2, Lane III). MM
revealed less protein diversity, with a protein range of 35 to
57 kDa, approximately (Fig. 2, Lane II). For a more detailed
protein characterization, 2D gels were carried out showing a
wide protein range in both MMC/MM samples (Fig. 3). Only 4

115
82
64
48

37

25
14

I

II

III

Fig. 2. SDS–PAGE analysis of M. anisopliae secreted proteins in the absence
(lane II) and presence (lane III) of 0.5% C. maculatus shells. Lane I corresponds
to molecular weight marker.

In both, bromophenol blue was used as tracking dye. Electrophoresis was conducted of 250 V, 50 mA and 10 W for 10 h.
Spots were silver-stained.
3. Results and discussion
An initial screening revealed the pathogenicity of M. anisopliae towards the cowpea weevil C. maculatus. Bioassays
indicated that three isolates (CG34, CG292 and CG100) demonstrated lethal activity against bruchids, causing considerable
mortalities (Table 2). For isolates CG34 and CG100, CL50 tests
were performed, showing no statistical differences between
isolates (confidence interval superposition criteria p b 0.05).
kDa
181
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Fig. 3. MM (A) and MMC (B) samples analyzed by two-dimensional gels. Circled spots identify identical matches in MMC and MM gels. Black arrows correspond
to pI wide ranges. Square identifies main differential putative proteins expressed in response to insect shells. Both gels were silver-stained and each one was carried
out in triplicate.
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spots were observed in MM (Fig. 3A), while 11 significant
spots were identified in MMC (Fig. 2A). Only two spots were
found at an identical position in both gels with molecular
masses of 30 kDa and 37 kDa. In contrast, two other spots
with approximately 47 kDa and 57 kDa are present only in MM
and all other spots (6) were observed with induced fungal
secretion, with molecular masses of 27 kDa, 35 kDa, 39 kDa,
45 kDa, 50 kDa and 80 kDa respectively (Fig. 3).
The proteins secreted by CG34 showed similar molecular
mass patterns, as described in other reports. Leger et al. (1996,
1998, 1999) described two trypsin-like proteinases synthesized
by M. anisopliae in response to cockroach (Periplaneta americana) shells, with isoelectric points of pH 4.4 and pH 4.9, and
molecular masses of 30 kDa and 27 kDa, respectively, as observed in Fig. 3B marked by squares. Furthermore, Leger et al.
(1996) also determined a major chitinase form of 45 kDa, which
also was observed by proteomic experiments (Fig. 3B). In
conclusion, analyses suggested that CG34 MMC samples produced two trypsin-like serine proteinases with 27 kDa and 30
kDa and also a chitin deacetylase isoform of 45 kDa (Nahar et
al., 2004). These results were supported by our enzymatic
assays (Fig. 1). To elucidate functions in other spots and their
involvement in fungal colonization, further studies will be carried out using peptide mass fingerprinting and Edman degradation sequencing. According Shimizu and Wariishi (2005),
quantitative comparisons of proteome maps prepared from mycelial and protoplast cells indicated protein spots with a wider
range of molecular weights and pI values. In this field, a proteomic approach has been recently used to display the mycelial
and secreted proteins related to the biocontrol response in Trichoderma atroviride (Grinyer et al., 2004). The report identified
several hydrolytic degrading enzymes with different degree of
similarity to proteins described previously. Similar results recently described were observed for T. harzianum secretome
(Suarez et al., 2005), where proteinases were expressed in
induced conditions, as observed in results here presented.
These data may be used in the development and production of
novel highly specific bioinsecticides, non-target organism-safe,
with biodegradable properties, and also in engineering of transgenic plants for enhancement of bruchid resistance.
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