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Entomopathogenic fungi are widely used as biocontrol agents against several agricultural pests. Among
them, Beauveria bassiana is considered the important one against insect and other arthropod pests. The
entomotoxic proteins of B. bassiana were extracted by Sephadex G-25 column, and fractionated using
HPLC (BBI, BBII and BBIII) and tested against two hemipteran insect pests i.e., Dysdercus cingulatus Fab.
and Phenacoccus solenopsis Tinsely (Hemiptera: Pseudococcidae). Results indicated that protein content
was higher in fraction BBII than BBI and BBIII. The vibration frequency in FT-IR obtained with a range
of 1650 to 1580 cm�1. Bioassays of fractions (I, II and III) reveal that BBII was highly virulent against third
nymphal instar of D. cingulatus (LC50 = 800.2 ppm) and adults of P. solenopsis adult (LC50 = 713.3 ppm).
Considering the high virulence of BBII subjected to SDS-PAGE, HPLC and MALDI-TOF analyses. Analyses
reveals the presence of 174 kDa and designated as BBF2. These results concluded that the entomotoxic
protein of B. bassiana can be utilized for management of these investigated hemipreran pests. Further
investigations are necessary for the field application of this entomotoxin against these pests or other
insect pests. These results also could be helpful for establishing novel biotechnological uses for this
fungus.
� 2021 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Entomopathogenic fungi (EPF) are widely available as biological
control agents against various agricultural pests (Safavi, 2013).
Beauveria bassiana (Bals.) Vuill. (Ascomycota: Hypocreales) is an
important natural pathogen of insects and other arthropods, able
to cause epizootics among populations of invertebrates including
insects (Sayed et al., 2019). It has been used as a microbial insecti-
cide against various pests such as lepidopteran (Safavi, 2013)
hemipteran (Rohlfs and Churchill, 2011), coleopteran (Meyers
et al., 2013) and orthopteran (Pelizza et al., 2013) pestiferous
insects and parasites (Wang and St. Leger, 2007). B. bassiana is cap-
able of penetrating through the insect cuticle, secreting cuticle-
degrading enzymes such as lipases, chitinases and proteinases
(Lakshmi et al., 2010) being effective against insect pests.

The EPF have slow mortality rate as compared to synthetic
insecticides (St. Leger and Wang, 2009). Therefore, the use of EPF
could be increased, if their killing efficiency is improved. The
higher killing efficiency could be achieved by different methods
such as enhancing the production of fungal toxins. Many of EPF
secrete anti-feedants, insecticidal, or toxic compounds in liquid
cultures (Abd-ElAzeem et al., 2019). Many investigations have
been done on B. bassiana for the identification of cuticle degrading
enzymes and determinants (Griesch and Vilcinskas, 1998).

Most of EPF release various cyclic peptides and small secondary
metabolites as enniatins, beauvericin, oxalic acid, oosporein,
bassianolide and elicitor proteins. These compounds are demon-
strated to have insecticidal effects (Nazir et al., 2020). Identifica-
tion and isolation of the genes encoding these toxic proteins and
purification of them will introduce important knowledge on their
mode of action and nature (Ortiz-Urquiza et al., 2010). Other
Bb70p, a toxin protein of B. bassiana with 35.5 kDa, had a toxic
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impact against Galleria mellonella larvae and had high activity up to
40 �C, and also stable in the 4–10 pH range (Khan et al., 2016).

Control of Dysdercus cingulatus Fab. (Hemiptera: Pyrrhocoridae)
and Phenacoccus solenopsis Tinsely (Hemiptera: Pseudococcidae)
are preliminarily accomplished through the use of conventional
insecticides. The negative impact of chemical control has encour-
aged the development of alternative pest management strategy
such as fungal entomotoxins (Molnar et al., 2010). B. bassiana pro-
duces various toxic compounds in vivo and in vitro having low
molecular weight secondary metabolites (Zimmermann, 2007).
Among them, Beauvericin showed insecticidal activity against
many insect pests (Vey et al., 2001). There are no reports available
about the B. bassiana entomotoxic protein against D. cingulatus and
P. solenopsis. This study was aimed to extract and purify the ento-
motoxic protein of B. bassiana, followed by its molecular character-
ization and estimating its potential bioactivity against two
hemipteran insect pests, i.e., D. cingulatus and P. solenopsis.
2. Material and methods

2.1. Fungal strain

The B. bassiana (MTCC 2028) isolate which maintained in the
Crop Protection Research Center, St. Xavier’s College (Autono-
mous), Palayamkottai was used for the current study. For inocula-
tion, 103B. bassiana conidia were inoculated into 100 mL of potato
dextrose broth (Himedia, Mumbai) in a 250 mL Erlenmeyer flask.
The culture was incubated on a rotator shaker (180 rpm) at 27 �C
for 7 days and the spore concentrations recorded using a haemocy-
tometer. Viability of conidia was checked before preparation of
suspension by germinating test in liquid Czapek-Dox broth with
1% (w/v) yeast extract medium (CDBYEM) to harvest conidia. For
large scale growth of the fungus, 2 mL of primary culture was inoc-
ulated into 250 mL of the same medium and cultured at 25 �C for
20 days.
2.2. Isolation of culture filtrate

After 20 days of growth in CDBYE medium, the protein filter-
ation and precipitation were done according to Quesada-Moraga
and Vey (2004). The crude protein was subjected to a gel filtration
using a Sephadex G-25 (Sigma) column (1�10 cm) in 50 mM tris/
HCl buffer at pH 8. The column flow rate was adjusted at the rate of
1 mL/hr. The aliquots were collected and subjected to UV, FT-IR,
HPLC and MALDI-TOF.
2.3. Determination of total protein concentration

Total protein concentration of B. bassiana entomotoxin was
investigated with Bovine Serum Albumin (BSA) (S.D. Fine-Chem
Limited, Mumbai) according to Lowry et al. (1951).
2.4. Characterization of entomotoxin

2.4.1. UV–spectroscopy analysis
The fungal protein fractions were assessed by UV spectrometer

(Schumadzu, Japan) to investigate protein content. The absorbance
peak readings of all fractions were recorded and categorized into 3
fractions i.e., fraction I (FI), fraction II (FII) and fraction III (FIII).
2.4.2. Analysis of fourier transform infrared spectroscopy (FT-IR)
FT-IR spectra of FI, FII and FIII was determined using a FTIR

spectrometer (Perkin Elmer, Spectrum RX I, Japan) in a range of
4000 to 400 cm�1 with a resolution of 4 cm�1. The FT-IR was done
2

separately for each sample to identify the possible resonance
vibration of chemical bonds.

2.4.3. Gel electrophoresis of B. Bassiana entomotoxin
Tricine-SDS-PAGE was used to investigate the numbers and rel-

ative molecular weights of polypeptides/proteins obtained from B.
bassiana entomotoxin according to Schagger and Jagow (1987).

2.4.4. High performance liquid chromatography (HPLC)
The B. bassiana entomotoxin (FII) was analyzed on a HPLC (Schi-

madzu LC/10AD, Japan). The analytical chromatogram indicated
one major compound UV maximum at 3000 nm. The procedure
yielded 5 mL of a pure white column solution.

2.4.5. Matrix-assisted laser desorption/ionization-TOF (MALDI–TOF)
Liquid fraction II obtained from the preparative HPLC was dried.

Then, it was subjected to MALDI-TOFMS analyses (Voyager-DETM

PRO BiospectrometryTM spectrometer (Applied BioSystems, Fram-
ingham, MA, USA). Each experiment was facilitated with the Voy-
ager v.5 with Data ExplorerTM software.

2.5. Collection and rearing of tested insects

Nymphs and adults of D. cingulatuswere collected from a cotton
field, Tirunelveli District, Tamil Nadu, India. Collected individuals
were reared under laboratory condition (28 ± 2 �C temperature,
70–75 RH, 11L: 13D photoperiod) in plastic container (13 cm
height �7 cm diameter) primarily provided with water soaked cot-
ton seeds, later with artificial diet (Sahayaraj et al., 2011). The
newly hatched third instars were used for bioassay experiments.
Individuals of P. solenopsis were collected from the field and cul-
tured on clean pumpkin (Venkatesha and Dinesh, 2011). The labo-
ratory emerged insects were used for the study.

2.6. Bioassay

Adults of P. solenopsis (0–1 day old) (17.4 ± 0.3 mg) and third
instar of D. cingulatus (0 day old) (43.7 ± 0.3 mg) were maintained
as previously described by Sahayaraj et al., 2011; Venkatesha and
Dinesh, 2011), respectively. Then, different concentrations of B.
bassiana entomotoxic fractions (FI, FII and FIII) were prepared such
as 100, 200, 400, 800 and 1600 ppm by adding required amount of
distilled water. For oral toxicity bioassay, different concentrations
of FI, FII and FIII were mixed with 5 mL of artificial diet
(Sahayaraj et al., 2011) and 50 mL of diet was poured into 10 mg
of cotton ball and provided to D. cingulatus daily. Leaf dip method
was followed for P. solenopsis adult (Cuthbertson et al., 2009). For
leaf-dip bioassay, 10 mL of each different fraction concentration
was taken in a 100 mL beaker into which were added 50 mL
(0.05%) Tween 80 and mixed well. Healthy cotton leaves were
dipped separately in the tested concentrations for 10 min then
air dried for 5 min. The air dried leaves of various concentrations
were kept in a Petri dish (9 cm diameter �1 cm height) and adults
of P. solenopsiswere introduced and allowed to feed the leaves. The
mortality of insects was recorded every 24 hrs up to 96 hrs contin-
uously. All treatments were replicated 3 times with ten individu-
als/replicate.

2.7. Enzyme quantification

Each enzyme sample was prepared according to Applebaum
et al. (1961). After 96 hrs of exposure period, the live insects were
supplied with normal feed (artificial diet for D. cingulatus and nor-
mal cotton leaves (SVPR IV for P. solenopsis) and maintained under
laboratory condition mentioned above. After the adulteration of
the insects, three live as well as healthy D. cingulatus and five P.



Fig. 1. UV – visible spectroscopy analysis of B. bassiana protein fractions: fraction I
(a), fraction II (b) and fraction III (c) eluted from Sephadex G-25.
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solenopsis adults from each concentration (100, 200, 400, 800 and
1600 ppm) of fungal fraction II and control categories were starved
for 12 hrs before dissection for the accumulation of digestive
enzymes.

2.7.1. Digestive enzyme (Amylase)
Amylase activity in animal gut was determined according to

Ishaaya and Swirski (1970). The enzyme activity was expressed
in terms of the weight of the reducing sugar, glucose (g) produced
by the enzyme action per unit weight of gut, per unit time, using
glucose as the standard. Proteolytic activity was assayed spectro-
metrically (Morihara and Tsuzuki, 1977). The protease activity
was expressed as mmoles of tyrosine released per minute per mg
of protein.

2.7.2. Detoxification enzymes
Esterase: The degradation rate of a – and b – Naphthyl acetate

was determined according to Asperen (1962). The absorbence was
read at 600 nm for a naphthol and at 550 nm for b – naphthol.

Glutathion S – transferase: The activity was measured with 1 –
Chloro � 2, 4 – dinitrobenzene (CDNB) as substrate according to Yu
(1982).

Lactate dehydrogenase: The enzyme activity is expressed as
multi International Unit (mIU) per milligram protein/minute
(King, 1965).

2.8. Gel electrophoresis of insects total body protein profile

The protein profiles of D. cingulatus and P. solenopsis treated
with fungal fraction II, were analyzed by SDS-PAGE with 12% gels
and the buffer system (Laemmli, 1970). Gels were scanned with
gel documentation system (Biotech – India) for analysis.

2.9. Statistical analysis

The LC50 (Lethal concentration of protein to kill 50% of treated
individuals) values and their fiducial limits were estimated by Pro-
bit analysis. The data obtained from the enzyme level of insects
were analyzed by MANOVA and Tukey’s test (P < 0.05) using SPSS
software version 20.0.
Fig. 2. Protein quantity (mg/ml) of B. bassiana protein fractions: fraction I, fraction II
and fraction III eluted by Sephadex G-25 column.
3. Results

3.1. Purified entomotoxin

It was observed that the total protein surface plasmon reso-
nance band occurs initially at ca. 210 nm. The proteins surface
plasmon band obtaind between 210 and 280 nm in the aqueous
medium (Fig. 1). Based on the UV absorption the eluents were cat-
egorized into 3 fractions: fraction I (FI), fraction II (FII) and fraction
III (FIII). The total protein content was significantly higher in FII fol-
lowed by FI and FIII (Fig. 2).

3.2. Fourier transform infrared spectroscopy (FTIR) analysis

FTIR analyses reveal that the FI, II and III shows characteristic
vibration between 1637 and1639 cm�1(NAH for amines) and
between 1435 and1440 cm�1 (CAH for methyl group) (Fig. 3).

3.3. SDS-PAGE – entomotoxin

The SDS-PAGE analyses indicated that the fractions contain var-
ious polypeptides with low molecular weights where FI (M.W.
16,215 and 19104) and FIII (M.W. 3026 and 7004) contain two
3

polypeptide bands and FII contains a single band (M.W. 10656)
(Fig. 4).
3.4. Analysis of high performance liquid chromatography (HPLC)

The samples of FII were preliminarily subjected to analytical
HPLC. Two peaks were obtained with retention time of
4.262 min�1with an area of 95.69% (FIIa) and 5.915 min�1 with
an area of 4.1% (FIIb). Then, the fractioned HPLC of FII was sub-
jected to preparative HPLC for estimating the major polypeptide



Fig. 3. FT-IR analysis of B. bassiana protein fractions: fraction I (a), fraction II (b) and fraction III (c).
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per peak. It has a retention time of 10.18 min�1 (area 100%) with
methanol as the solvent.

3.5. Matrix-assisted laser desorption/ionization-Time of flight (MALDI–
TOF)

The purified single peptide obtained by the preparative HPLC
(FIIa) was analyzed by MALDI-TOF. The obtained peak was at the
molecular weight of 174 kDa and it was designated as BBF2.
4

3.6. Bioassay

Dose dependent mortality was recorded for FI, FII and FIII
against the insects. FII was highly toxic to both insects rather than
FI and FIII (Tables 1 and 2). When compared to the FIII, the LC50val-
ues of FII were reduced by 27% and 38% at 96 hrs for D. cingulatus
and

P. solenopsis respectively. Significant differences in LC50

(P < 0.05) were identified among the 3 fractions for D. cingulatus



Fig. 4. Protein banding pattern of B. bassiana entomotoxins eluted using Sephadex
G-25 column. M – low molecular weight marker (kDa); BBFI, BBFII and BBF III.
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but significant difference was obtained between FIII and both of FI
and FII for P. solenopsis.

3.7. Biochemical analyses

3.7.1. Digestive enzymes
The quantity of digestive enzymes such as amylase

(F5,12 = 54.50, p = 0.05), protease (F5,12 = 60.20, P = 0.05) and lipase
(F5,12 = 9.827, P = 0.01) in D. cingulatus decreased while the concen-
tration of FII was increased. Similar kind of observation was also
recorded for P. solenopsis (F5,12 = 43.60, P = 0.05; F5,12 = 182.578,
P = 0.05; F5,12 = 9.926, P = 0.01 for amylase, protease and lipase
respectively). Highly significant reduction was observed in
1600 ppm for both D. cingulatus and P. solenopsis (Fig. 5).

3.7.2. Detoxification enzymes
The quantity/activity of detoxification enzymes such as esterase

(F = 149.367, df = 5, 12, p = 0.05), glutathione s-tranferase
(F5,12 = 204.73, P = 0.05) and lactate dehydrogenase
(F5,12 = 17.185, P = 0.05) were increased when the concentration
of B. bassiana fraction II (FII) increased in D. cingulatus. Also in P.
solenopsis,the quantity/activity of Esterase (F5,12 = 36.706,
P = 0.05), glutathione s-tranferase (F5,12 = 132.73, P = 0.05) and lac-
tate dehydrogenase (F5,12 = 19.566, P = 0.05) were also increased at
1600 ppm (Fig. 6).
Table 1
Corrected mortality and lethal concentrations of entomotoxin of B. bassiana (FII) fractionate
toxicity bioassay (X ± S.E; n = 30).

Concentration (ppm) Fraction I

100 10.3 ± 0.33a
200 21.9 ± 0.45b
400 33.3 ± 0.33b
800 41.2 ± 0.12b
1600 45.6 ± 0.21b

Lethal concentrations
LC30 637.3
LC50 1554.6
LC90 3796.5
Slope 5.3
Chi-square 13.38
Regression equation Y = �486.1 + 36.3X

Means within each row bearing different letters are significantly different according to

5

3.7.3. SDS-PAGE – Insect total body protein profile.
The total body protein profile of D. cingulatus and P. solenopsis

treated with different concentration of entomotoxin is shown in
plate 4 and 5 respectively. The intensity of protein bands dimin-
ished when the concentration of the entomotoxin increased both
in D. cingulatus and P. solenopsis. Totally nine peptide bands
became visible for D. cingulatus in control categoryand it was sus-
tained in lower concentrations (100 and 200 ppm) of FII. The con-
centration of FII increased the peptide band that disappeared and
was the least in higher concentrations, such as 800 ppm and
1600 ppm (Fig. 7). The same kind of result was observed for P.
solenopsis. Eight bands appeared in control category and also in
lower concentrations (100 ppm and 200 ppm) and 50% of bands
were disappeared in higher concentration (1600 ppm) (Fig. 8).
4. Discussion

Genus Beauveria contains several species which show enhanced
pathogenicity against their host insects. The enhanced pathogenic-
ity in these species is linked to toxins production (Lakshmi et al.,
2010). All fungi probably produce mycotoxins, with low molecular
weight and are generally considered nonvolatile (Dhar and Kaur,
2010). The intracellular proteins were isolated from B. bassiana
with specific medium under stress conditions and their insecticidal
activity was tested against lepidopteran larvae (Quesada-Moraga
and Vey, 2004). In this study, the intracellular proteins were pre-
cipitated using 90% saturated Ammonium sulphate solution and
the efficacy evaluated against D. cingulatus and P. solenopsis.

In the current study, the fractions indicated the absorption of
proteins. Also, each sample was subjected to FT-IR spectra. More-
over, when the purification/specificity of the polypeptide
increased, the quantity of protein content decreased. The same
finding was observed by Urtz and Rice (2000). The three entomo-
toxin fractions of B. bassiana indicated low quantity level of pro-
teins; on the other hand F II has the higher protein content. The
spectrum results indicated that the proteins are found as sec-
ondary amines. Previous findings indicated that the filamentous
fungi as B. bassiana contain multiple types of enzymes (Rohlfs
and Churchill, 2011; Molnar et al., 2010).

Analytical HPLC spectrum of B. bassiana entomotoxin indicated
2 polypeptides found in F II at a retention time of 4.2 min (95.6%)
and 5.9 min (4.4%). In previous investigation, tyrosine betaine was
found as an entomotoxic secondary metabolite from Metarhizium
sp. having a retention time of 4.1 min (Carollo et al., 2010). The cur-
rent investigation stated the toxicity of B. bassiana FII. The major
peak of FII was collected by preparative HPLC at a retention time
of 10.1 min and identified by MALDI-TOF as 174 kDa.
d with Sephadex G-25 column against D. cingulatus (third instar) after 96 h using oral

Fraction II Fraction III

10.3 ± 0.33a 3.3 ± 0.33b
33.3 ± 0.14a 10.3 ± 0.33c
45.6 ± 0.14a 18.7 ± 0.24c
51.3 ± 0.21a 20.5 ± 0.02c
55.57 ± 0.32a 23.3 ± 0.05c

240.1 1816.1
800.2 2991.3
3204.6 5865.5
5.7 3.6
26.3 10.3
Y = �396.7 + 25.9X Y = �297.3 + 60.3X

Tukey’s test (a = 5%).



Table 2
Corrected mortality and lethal concentrations of entomotoxin B. bassiana (FII) fractionated with Sephadex G-25 column against P. solenopsis (adult) after 96 h using leaf dip
bioassay (X ± S.E; n = 30).

Concentration (ppm) Fraction I Fraction II Fraction III

100 21.43 ± 0.03a 20.69 ± 0.02a 6.90 ± 0.02b
200 25.00 ± 0.03a 27.59 ± 0.03a 10.34 ± 0.12b
400 39.29 ± 0.05a 44.83 ± 0.14a 17.24 ± 0.03b
800 50.00 ± 0.04a 51.72 ± 0.12a 20.69 ± 0.03b
1600 58.63 ± 0.04a 61.67 ± 0.14a 28.34 ± 0.03b

Lethal concentrations
LC30 227.0 119.9 1823.5
LC50 871.14 713.3 9249.7
LC90 23302.7 15970.4 489,293
Slope 6.0 6.7 4.47
Chi-square 6.58 1.11 0.29
Regression equation Y = �770.5 + 35.7X Y = �729.5 + 32.7 Y = �525.9 + 68.6

Means within each row bearing different letters are significantly different according to Tukey’s test (a = 5%).

Fig. 5. Quantitative analysis of Amylase, Protease and Lipase (mg/mg) in D. cingulatus and P. solenopsis treated with B. bassiana entomotoxic protein (FII).
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In general, applications of purified toxins are sufficient to
achieve death in susceptible insects (Cuthbertson et al., 2009). In
the current study, the entomotoxin FII of B. bassiana achieved high
mortality against P. solenopsis (61.7%) and D. cingulatus (55.5%).
Many reports stated the insecticidal activity of B. bassiana metabo-
lites against different insect pests such as Beauvericin (M.W.
28 kDa) (Safavi, 2013), bassianin (M.W. 18 kDa), bassianolide (M.
W. 390 kDa), beauverolides (M.W. 72 kDa) (Vey et al., 2001), tenel-
lin (M.W. 60 kDa) (Zimmermann, 2007), and bassiacridin (M.W.
89 kDa) (Quesada-Moraga and Vey, 2004).

The preoteolytic enzymes from B. bassiana were investigated
as the mortality factor (Dhar and Kaur, 2010). Dose dependent
mortality was estimated in the current investigation. Higher
mortality in D. cingulatus and P. solenopsis was observed after
96 h of the exposure at higher concentration (1600 ppm) of
FII. Amylase, protease (Uzma and Kaur, 2010) and lipase
(López-Rodríguez et al., 2012) play important roles in the diges-
tion of plant starch, proteins and lipids respectively in insects.
Our results reveal the digestive enzyme activities decreased
with increasing concentration of B. bassiana FII fraction, leading
to improper digestion of proteins to amino acid conversion. Fur-
ther, the level of amylase decreased directly proportional to the
B. bassiana entomotoxin FII concentration. Mycotoxins inter-
6

rupted the secretion of digestive enzymes and led to the dis-
ruption of gut physiology (Sahayaraj et al., 2010). In this
study, the protease level decreased due to effect of B. bassiana
entomotoxin FR II. Another suggestion proposed by researchers
is decreased protease level can be due to the impact of myco-
toxins on neurosecretory cells of the insects (López-Rodríguez
et al., 2012).

Esterase and glutathione S-transferase (GST) play a significant
role in insecticide metabolism (Alizadeh et al., 2010). In general,
the increased levels of esterase and GST due to more catalytically
efficient enzyme able to hydrolyse the insecticides in insects
(Montella et al., 2012). In this study, significantly maximum LDH
activity in control category was observed in the midgut whereas
in the treatment it was reduced. Therefore, this enzyme may be a
sensitive criterion for entomotoxin (Diamantino et al., 2001). The
analytical SDS-PAGE of D. cingulatus and P. solenopsis indicated that
B. bassiana entomotoxic fraction II has high impact on the total
body protein content of the insects. When compared with the con-
trol category, in higher concentration treatments the protein bands
disappeared and new protein bands appeared as previously
reported in Galleria mellonella (Lepidoptera: Pyralidae) (Vey et al.,
2001). They observed that the toxin beauveriacin altered the total
body protein profile of the animal.



Fig. 6. Quantitative analysis of Esterase, Glutathione S Transferase, Lactate Dehydrogenase (mg/mg) in D. cingulatus and P. solenopsis treated with B. bassiana entomotoxic
protein (FII).

Fig. 7. Protein banding pattern of D. cingulatus treated with B. bassiana entomotoxic
Fracton II (FII) of Sephadex G-25 column at different concentrations (ppm). Dense
appearance of protein pattern was showed separately. M – low molecular weight
marker (kDa); C – control; Black arrows indicates induction of new polypeptides;
Red arrows indicates disappearance of the polypeptides. Fig. 8. Protein banding pattern of P. solenopsis treated with B. bassiana entomotoxic

Fracton II (FII) of Sephadex G-25 column at different concentrations (ppm). Dense
appearance of protein pattern was showed separately. M – low molecular weight
marker (kDa); C – control; Black arrows indicate induction of new polypeptides;
Red arrows indicate disappearance of the polypeptides.
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5. Conclusions

The entomopathogen of B. bassiana can be utilized for cotton
pest management. The application of toxin under field condition
requires further processing. In the present study we identified
the B. bassiana entomotoxic protein (FII) supported by UV-visible
spectroscopy, FT-IR spectroscopy, HPLC and MALDI-TOF analyses
and its insecticidal activity against two major cotton pests. The
molecular weight of the FII was identified as 174 kDa. FII showed
high impacts on D. cingulatus and P. solenopsis under laboratory
condition. The quantities of digestive enzymes were decreased
and detoxification increased in cotton pests which indicate that
FII also affects the physiology of insects. Hence, it could be con-
cluded that the entomotoxic protein and its SNP’s can be utilized
for the management of D. cingulatus and P. solenopsis, also it can
be used as the component of BIPM. Therefore, further investiga-
tions are needed to study the toxicity of these entomotoxin pro-
7

teins to other insect pests such as lepidopterous insect pests and
aphids.
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