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 Abstract.- Extracellular proteases of entomopathogenic fungi have been implicated as components of the insect 
infection process. To elucidate their role in the infection process, it is essential to characterize these enzymes. During 
the current studies synthesis and regulation of extracellular proteases (Pr1 and Pr2) by Metarhizium anisopliae 
(Cordycipitaceae; Hypocreales) isolate IF28.2 were investigated as a function of carbon source (with special reference 
to diamondback moth cuticle), temperature and pH. The highest level of Pr1 and Pr2 activity were found in the 
supernatants from 1% glucose plus 1% diamondback moth cuticle (18.83±1.25 and 12.44±1.36 U/mg/h for Pr1 and 
Pr2, respectively). Maximum Pr1 production by the depressed mycelia was observed from the supernatants having 
diamondback moth cuticle as a nutrient source whereas depressed mycelia showed maximum Pr2 activity from the 
cultures having chitin as the basic nutrient. The optimum pH for Pr1 and Pr2 activity was 8 while 35°C was the best 
temperature for protease production. 
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INTRODUCTION 
 

 Diamondback moth (DBM), Plutella 
xylostella L. (Lepidoptera: Plutellidae), is a major 
pest of cabbage, broccoli, and canola. Each year, 
farmers worldwide spend more than $1 billion to 
control this pest, primarily by using insecticides 
(Henrik et al., 2000). As a result, natural enemies 
are being sacrificed (Xu et al., 2004) and many 
populations of diamondback moth have become 
resistant to conventional insecticides (Shelton et al., 
1993; Tabashnik, 1994). In addition, Bacillus 
thuringiensis-resistant field populations have been 
detected in several regions, such as Hawaii 
(Tabashnik et al., 1990), Central America (Perez 
and Shelton, 1997), and Asia (Syed, 1992; Ferré and 
van Rie, 2002). Alternative control measures being 
investigated for diamondback moth include the use 
of entomopathogenic fungi (Cherry et al., 2004; 
Wright, 2004; Muhammad et al., 2005). Isolates of 
Zoophthora radicans (Brefeld) Batko (Pell et al., 
1993), Paecilomyces fumosoroseus (Wize) Brown 
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and Smith (Altre et al., 1999), Metarhizium 
anisopliae (Metschnikoff) Sorokin, Fusarium 
species, and Beauveria bassiana (Balsamo) 
Vuillemin can infect diamondback moth under 
screenhouse or field conditions (Ibrahim and Low, 
1993; Vandenberg and Ramos, 1997; Vandenberg et 
al., 1998; Shelton, et al., 1998). 
 Entomopathogenic fungi invade their hosts 
through the external skeleton (cuticle) which is a 
complex, composite structure with high-protein 
content. Through the combined action of hydrolytic 
enzymes such as chitinase, protease and lipase, the 
fungal mycelia are able to penetrate through these 
barriers (Bidochka and Khachatourians, 1987; St. 
Leger et al., 1986a). The importance of any one of 
these enzymes is dependant upon the cuticular 
characteristics of insects and invasion mechanism of 
the fungus. Several cuticle-degrading enzymes such 
as proteases and chitinases have been detected in 
entomopathogenic fungi i.e., B. bassiana, Numuraea 
rileyi and M. anisopliae (Brey et al., 1986; El-Sayed 
et al., 1989). Proteolytic enzymes along with 
chitinases and lipases are important factors in 
virulence of entomopathogenic fungi (Samuels and 
Paterson, 1995). Thus, particular attention has been 
focused on the role of proteases in the penetration 
process (Charnley, 2003). Entomopathogenic fungi 
produce distinct extracellular serine proteases, such 
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as subtilisin-like proteases, trypsin-like proteases, 
metalloproteases, as well as several families of exo-
acting peptidases that are believed to be important 
for host cuticle degradation (St. Leger et al., 1995, 
1996b). The subtilisin protease family Pr1 is the 
main enzyme produced by entomopathogenic fungi 
during the infection process, although the trypsin-
like protease Pr2 is the first to appear during in vitro 
growth on the cuticle (Gillespie et al., 1998). 
Antiserum against Pr1 protease interferes with 
penetration of the host cuticle and reduces infection, 
indicating that the level of active Pr1 may determine 
the capacity of the fungus to cause disease (St. 
Leger et al., 1988). 
 Insect cuticle contains many different 
proteins, which vary between types of insect 
(Andersen et al., 1995; Dombrovsky et al., 2003). 
Thus, while Pr1 enzymes may not be prerequisites 
for pathogenicity, isolate virulence or specificity 
could depend in part on having proteases with high 
activity for host-specific cuticular proteins. Just a 
few strategic amino acid substitutions can affect 
cuticle binding and activity of Pr1 from M. 
anisopliae (St. Leger et al., 1986a, 1992). The 
regulation of genes encoding cuticle-degrading 
enzyme isoforms is probably complex and may 
involve a combination of carbon/nitrogen induction 
and/or repression (Screen et al., 1998).  
 Isolate virulence or specificity could depend 
in part on the ability to produce a battery of 
proteolytic enzymes with specificity for the range of 
proteins in the cuticle of a particular insect, in 
response to particular host cues at the correct stage 
in penetration. The present work is an attempt to 
explore the potential for this by comparing the 
regulation and activity of proteases produced by 
Metarhizium anisopliae Sorkin. M. anisopliae was 
chosen for this study because this pathogen is one of 
the most promising fungal species for control of 
diamondback moth under screen house or field 
conditions (Wu et al., 2010). Therefore, the aim of 
this study was to investigate the effects of carbon 
sources and/or diamondback moth cuticle, growth 
temperature, pH of the growth medium, on 
production and regulations of Pr1 and Pr2 by M. 
anisopliae isolate M408, which may increase our 
knowledge about protease production and secretion 
by this fungus. 

MATERIALS AND METHODS 
 
Insect cultures and cuticle preparation 
 Fourth instar larvae of P. xylostella, were 
obtained from the stock cultures kept in the 
greenhouse of the Engineering Research Center of 
Biological Control, South China Agricultural 
University on Brassica campestris L. 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.  
 Clean samples of the cuticle from fourth 
instar P. xylostella larvae were obtained according to 
the method of Missios et al. (2000). Approximately 
50g of fourth instar P. xylostella larvae were 
homogenized in a Waring blender in 250 ml of a 
high salt buffer (0.5 M NaCl, 50 mM Tris, pH 7.5) 
containing 1 mM phenylmethylsulfonyl fluoride 
(PMSF; a serine protease inhibitor) and saturated 
with phenylthiourea (a tyrosinase inhibitor). 
Cuticles were collected and washed on a fine mesh 
sieve using ice-cold deionized water. The cuticle 
preparations were extracted immediately or dried at 
room temperature for subsequent analysis.  
 
Fungal strains 
 For all assays, M. anisopliae isolate-IF28.2 
originally isolated from soil (Liu, 2006), maintained 
in tubes containing Sabouraud’s dextrose agar 
(SDA) and deposited at the Engineering Research 
Center of Biological Control, South China 
Agricultural University, were cultured on potato 
dextrose agar (PDA) and incubated at 26±2°C for 
10 days. Conidia were harvested with deionized 
water containing 0.03% Tween 80 and sieved 
through filter paper into sterile vials. Conidia were 
counted using a hemocytometer (0.0625m m2; 
Fuchs-Rosenthal Merck Euro Lab, Darmstadt, 
Germany) to calibrate a suspension of 1×106 
conidia/ml. 
 
Culture medium 
 The basal medium (pH 5.4) consisted of 
peptone 0.2% (w/v), MgSO4 0.01% (w/v), yeast 
extract 0.1% (w/v), casein hydrolysate 0.1% 
(w/v),trace element solution 5% (v/v) and vitamins 
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2% (v/v). The trace element and vitamin solutions 
used were those described by Cove (1966). 
 
Effect of different carbon sources on protease 
activity and biomass production 
 Effect of carbon source on protease activity 
and biomass produced by I. fumosoroseus was 
studied by growing the fungal isolates in liquid 
basal medium (50 ml in 250 ml Erlenmeyer flasks) 
supplemented with yeast extract. As carbon sources, 
glucose (1%) or N-acetylglucosamine, GlcNac (1%) 
was added. Complex substrates such as 
diamondback moth cuticle (1%), chitin (1%), 
combinations of chitin plus glucose (1%), chitin 1% 
plus GlcNac (1%), diamondback moth cuticle (1%) 
plus glucose (0.8% or 1.5%) and diamondback moth 
cuticle (1%) plus GlcNac (1%) were also used while 
basal medium without any additional carbon source 
served as a control. The flasks were inoculated with 
one ml of 1x106 spores/ml and incubated at 180 rpm 
and 28°C for 5 days.  
 
Protease production by depressed mycelia of M. 
anisopliae 
 One hundred millilitres of basal medium 
having 1% diamondback moth cuticle as a carbon 
source in 250 ml conical flasks was inoculated with 
1 ml of 106 spores/ml and incubated at 28°C in an 
orbital shaker (180 rpm) for 4 days to allow 
extensive fungal growth. The mycelial biomass was 
harvested by sieving through two layers of sterile 
muslin, washed with sterile basal salts medium, and 
transferred to 100 ml basal salts medium without 
nutrients for 24 h to achieve metabolite depression 
(referred to as depressed mycelia). All 
manipulations were conducted under aseptic 
conditions. The fungus was then supplied with a 
nutrient source [viz. diamondback moth cuticle, 
chitin, KOH chitin (chitin hydrolyzed in 30% 
potassium hydroxide at 80°C for 2 h to remove 
residual proteins) or bovine serum albumen (BSA)] 
at 1% (w/v) and the culture supernatant was assayed 
for Pr1 and Pr2 -like activities at 18 and 36 h. 
 
Evaluation of best pH and temperature for protease 
activity and biomass production 
 The effect of pH on enzyme activity and 
biomass production was determined by varying the 

pH of the basal media having 1% diamondback 
moth cuticle as a carbon source, using with 0.1M 
sodium phosphate in the following pHs: 6, 7, 8 and 
9 whereas non buffered basal  medium was used as 
control (pH 5.4). Fifty milliliters of sterile growth 
medium inoculated with 1 ml of 1×106 spores/ml 
was incubated for 5 days in an orbital shaker 
operating at 180 rpm and 28°C.  
 The range of optimum temperature for 
protease activity and biomass production was 
determined by incubating 50 ml of basal medium 
(having 1% diamondback moth cuticle as a carbon 
source) inoculated with one ml of 106 spores/ml and 
incubating for 5 days at three different temperature 
(25, 35, 45 and 55°C) in an orbital shaker operating 
at 180 rpm. 
 
Analytical determinations 
 M. anisopliae subtilisin and trypsin-like 
activities are referred to as Pr1 and Pr2, 
respectively. Subtilisin (Pr1) activity was assayed 
using succinyl-(alanine) 2-proline-phenylalanine-p-
nitroanilide as substrate (St. Leger et al., 1987), and 
trypsin (Pr2) activity using benzoylphenylalanine-
valine-arginine-p-nitroanilide, as described by 
Gupta et al. (1992). Each assay consisted of 0.05 ml 
substrate (1 mmol L-1), 0.85 ml 15 mmol L-1 Tris-
HCl buffer (pH 8.5) and 0.1 ml crude enzyme. The 
mixture was incubated for one hour at 28°C and the 
reaction was terminated by adding 0.25 ml of 30% 
acetic acid and left to stand for 15 min on ice, after 
which the samples were centrifuged at 1250 g for 5 
min at 4°C in a Microfuge®18 with a F241.5P rotor 
(Beckman Coulter, Inc, USA). The supernatants 
were read at 410 nm. One unit of activities was 
expressed as nanomoles nitroanalide (NA) released 
per mg per hour. Protein was measured using 
Coomassie Brilliant Blue G-250 according to 
Bradford (1976), with bovine serum albumin as 
standard.  
 For biomass determinations, the culture 
supernatants were separated from the mycelium by 
filtration through Whatman filter paper #1 and dried 
at 80°C until constant weight. 
 
Chemicals and reagents 
 Succinyl-(alanine)2-proline-phenylalanine-p-
nitroanilide and enzoylphenylalanine-valine-
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arginine-p-nitroanilide were purchased from Sigma 
(St Louis, MO, USA). All  other 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.   
 
Experimental design and statistical analysis 
 Each study was conducted three times with 
freshly prepared fungal suspensions. Biomass 
produced as well as Pr1 and Pr2 activities under 
different conditions were analyzed by analysis of 
variance (ANOVA) and treatment means were 
compared using Tukey’s studentized range test for 
mean comparisons at 5% level of significance. 
Treatment means of Pr1 and Pr2 activities for 
restricted mycelia experiments were compared by 
using Fishers pair wise comparison. All statistical 
analysis was performed using SAS 8.01(SAS, 2000). 
 

RESULTS 
 
Effect of different carbon sources on protease (Pr1 
and Pr2) activity 
 The effects of different carbon sources on 
subtilisin (Pr1) like protease activity by M. 
anisopliae were tested in medium supplemented 
with simple or complex carbon sources individually 
or in combination. As shown in Table I, Pr1 activity 
was exhibited by M. anisopliae in all media tested; 
however, the amount of secreted enzyme varied 
significantly among different treatments and control. 
The highest level of Pr1 activity (261.04±2.44; 
206.74±2.12 and 181.86±2.16 U/mL/h for M408, 
M440, and M460, respectively) was found in the 
supernatants from 1% N-acetylglucosamine 
(GlcNAc) plus 1% diamondback moth cuticle. 
When 1% diamondback moth was added to the 
media, without GlcNAc, Pr1 activity was also 
detected at comparatively higher levels, suggesting 
an induction of Pr1 enzymes. Similarly, when chitin 
was added to the media, lower level of Pr1 activity  
were observed as compared to the enzyme activity 
observed from the supernatant having 1% N-
acetylglucosamine (GlcNAc) plus 1% chitin as sole 
carbon source (Table I). When glucose was used as 
a sole carbon sources, very low levels of chitinase 

activity was also detected even when the fungus was 
grown in high concentration of this compound but 
higher rates of chitinase activity were observed 
when glucose was used in combination with  1% 
diamondback moth (Table I).  
 
Table I.- Effect of carbon sources on subtilisin-like (Pr1) 

protease activity of M. anisopliae. 
 

Pr1(U/mL/h) Carbon sources 
M408 M440 M460 

    
Glucose 1% 28.44± 

1.60 c 
32.92± 
1.10 c 

28.96± 
1.58 c 

GlcNac1% 83± 
2.28 bc 

78.00± 
2.61 bc 

63.00± 
2.41 bc 

Chitin 1% 123.96± 
2.75 b 

98.17± 
1.70 b 

86.36± 
1.69 b 

DBM cuticle 1% 234.06± 
1.24 a 

185.38± 
1.83 b 

163.06± 
2.18 a 

Glucose 1% + DBM 
cuticle1% 

197± 
1.34 ab 

171.00± 
1.78 b 

141.00± 
1.81 ab 

GlcNac 1% + DBM cuticle 
1% 

261.04± 
2.44 a 

206.74± 
2.12 a 

181.86± 
2.16 a 

Glucose 1% + chitin 1 % 129.79± 
1.76 b 

102.79± 
1.54 b 

90.42± 
1.24 b 

GlcNac 0.8%+ chitin 0.8% 153.13± 
2.91 b 

121.27± 
1.84 b 

106.68 
± 1.09 b 

Control 21.15± 
1.67 c 

16.75± 
1.05 c 

19.81 ± 
1.07 c 

F, df,  
P 

53.67; 8 
<0.0001 

48.78; 8 
<0.0001 

69.90; 8 
<0.001 

    
Means in the same column with different letters are 
significantly different from each other (Tukey’s, P<0.05) 
±: Standard error (Based on three independent replicates). 
 
 The effects of different carbon sources on 
trypsin like (Pr2) protease activity by M. anisopliae 
were tested in medium supplemented with simple or 
complex carbon sources individually or combined 
As shown in Table II, M. anisopliae produced 
biomass in all media tested; while; its amount of 
varied significantly among different treatments and 
control. The highest levels of trypsin like (Pr2) 
protease activity for M. anisopliae isolates M408, 
M440, and M460 were found in the supernatants 
from 1.0% chitin having mean values of 
103.84±2.92, 85.17±2.46 and 73.07±2.04 U/mL/h, 
respectively. When 1% diamondback moth cuticle 
was added to the media, without GlcNAc, Pr2 
production was detected at comparatively lower 
levels. When different concentrations of glucose 
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were used as a sole carbon sources, very low levels 
of Pr2 were detected even when the fungus was 
grown in high concentration of this compound but 
higher rates of biomass production were observed 
when glucose was used in combination with 1.0% 
chitin (Table II). 
 
Table II.- Effect of carbon sources on trypsin-like (Pr2) 

protease activity of M. anisopliae. 
 

Pr2(U/mL/h) Carbon sources 
M408 M440 M460 

    
Glucose 1% 47.41± 

1.65 d 
38.93± 
1.82 d 

33.34± 
1.27 d 

GlcNac1% 31.87± 
1.86 e 

31.64± 
1.62de 

27.18± 
1.51de 

Chitin 1% 103.84± 
2.92 a 

85.17± 
2.46 a 

73.07± 
2.04 a 

DBM cuticle 1% 64.59± 
1.73 bc 

52.91± 
1.82bc 

45.32± 
1.01bc 

Glucose 1% + DBM cuticle 
1% 

57.84± 
2.13bcd 

47.48± 
1.79bcd 

40.60± 
1.49 c 

GlcNac 1% + DBM cuticle 
1% 

70.41 ± 
1.33 bc 

57.76 ± 
1.49 bc 

49.57± 
1.52bc 

Glucose 1% + chitin 1 % 75.68± 
1.59 b 

62.32± 
2.03 b 

53.16± 
1.42 b 

GlcNac 1%+ chitin 1% 67.03± 
1.88bc 

52.76± 
2.11 bc 

45.74± 
1.19bc 

Control 28.16 ± 
1.41 e 

23.15 ± 
0.96 e 

19.81± 
1.07 e 

F, df,  
P 

25.10;8; 
0.0108 

29.28;8; 
0.0027 

26.27;8; 
0.0063 

    
Means in the same column with different letters are 
significantly different from each other (Tukey’s, P<0.05) 
±: Standard error (Based on three independent replicates) 
 
Protease production by depressed mycelia 
 The response of M. anisopliae isolates M408, 
M440 subtilisins-like (Pr1) activity  to different 
substrates at 18 and 36 h was in the order of KOH 
chitin =  Chitin> DBM cuticle> BSA> control viz.. 
Thus, M408 and M440 appeared to be more 
responsive to chitin as compared to the specific 
substrate like diamondback moth cuticle showing 
that these isolates can also be used as generalist 
fungal pathogens in future biocontrol programs. 
This isolate exhibited a marked increase in enzyme 
activity from 18 h to 36h in all the cultures except 
the control where the increase in Pr1 production was 
almost negligible (Figs. 1A, B). M. anisopliae 
isolate M460 produced significantly higher 
subtilisin-like protease activity in cultures 

containing DBM cuticle than in control at 18 and 
36h (Fig. 1C). The order of enzyme production for 
M460 was DBM cuticle > KOH chitin > Chitin = 
BSA > control. The data about this isolate showed 
some interesting results as almost same rates of Pr1 
production were observed for chitin as well as BSA 
and this pattern of Pr1 production was totally 
different from the other isolates used in this study 
(Fig. 1). 
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 Fig. 1. Subtilisin like (Pr1) protease 
activity by depressed mycelia of M. 
anisopliae isolates on different polymeric 
substrates. (A) M408, (B) M440 and (C) 
M460. Bars represent standard error of 
means (based on three independent 
replicates). 

 
 The response of M. anisopliae isolates M408, 
M440 activity to different substrates at 18 and 36 h 
for trypsin-like (Pr2) activity was in the order of 
chitin ≥ KOH Chitin>DBM cuticle>BSA>control. 
These isolates exhibited a marked increase in 
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enzyme activity from 18 h to 36h in all the cultures 
except the control where the increase in Pr1 
production was almost negligible. Thus, M408 and 
M440 appeared to be more responsive to chitin as 
compared to the specific substrate like DBM cuticle 
showing that these isolates can also be used as 
generalist fungal pathogens in future biocontrol 
programs (Fig. 2A, B). For M. anisopliae isolate 
M460, the order of Pr2 production on different 
substrates after 18 and 36 hours was in the order 
KOH chitin > cuticle>BSA>chitin>control.M460 
produced the lowest Pr2 activity overall and showed 
an effect of mycelial depression on Pr2 activity 
(Fig.2). 
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 Fig. 2. Trypsin like (Pr2) protease activity 
by depressed mycelia of M. anisopliae isolates 
on different polymeric substrates. (A) M408, 
(B) M440 and (C) M460. Bars represent 
standard error of means (based on three 
independent replicates). 

 
Evaluation of best pH for protease activity 
 There were significant differences in Pr1 

activity of M. anisopliae associated with different 
growth pH regimes (Fig. 3). The best Pr1 production 
for all the isolates was obtained when media was 
buffered to the pH 8.0, having mean Pr1 activity of 
177.89±6.18, 139.36±4.74 and 118±3.29 U/mL/h 
for M408, M440 and M460, respectively. 
Statistically similar rates of Pr1 production in the 
basal medium were observed at pH 6 and 9, whereas 
the lowest Pr1 activity for all the isolates was 
observed in control (Fig. 3A). 
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 Fig. 3: Effect of pH on protease activity 
of M. anisopliae (A) Pr1 activity, (B) Pr2 
activity. Bars represent standard error of means 
(based on three independent replicates). 

 
 There were significant differences among 
growth temperature when compared for Pr2 activity 
of M. anisopliae. For all the isolates used in these 
studies, the highest Pr2 activity (54.21±4.43, 
44.88±3.68 and 39.69±4.17 U/mL/h for M408, 
M440, and M460, respectively) was observed when 
the growth medium was incubated at pH 8.0, The 
best pH range for Pr2 production in the basal 
medium was from 7-8 and after 8.0 there was a 
sudden drop in the Pr2 production (Fig.3B). 
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Evaluation of optimum temperature for protease 
activity 
 There were significant differences in Pr1 
activity of M.anisopliae associated with different 
growth temperatures (Table III). The best Pr1 
production for all the isolates was obtained when 
media was grown at a temperature of  35°C having 
mean Pr1 activity of 212.91±1.51, 174.96±1.49 and 
139.28±1.12 U/mL/h for M408, M440 and M460, 
respectively. Statistically similar rates of Pr1 
production in the basal medium were observed at 25 
and 45°C, whereas the lowest chitinase activity for 
all the isolates was observed at 55°C 
 
Table III.- Effect of temperatures on subtilisin-like (Pr1) 

protease activity of different M. anisopliae 
isolates. 

 
Pr1(U/mL/h) Temp. 

(°C) M408 M440 M460 
    
25 147.23±1.02ab 120.99±1.22ab 96.32±1.59 ab 
35 212.91±1.51 a 174.96±1.49 a 139.28±1.12 a 
45 169.61±1.97ab 139.37± .12ab 110.96±1.03ab 
55 122 ± 1.81b 100.82± 1.59b 80.27 ± 1.43 b 
F, df, P 6.03; 3; 0.018 4.89; 3; 0.03 4.34;3; 0.02 
    
Means (± SE; n = 3) in the same column with different letters 
are significantly different from each other (Tukey’s, P<0.05)  
 
 There were significant differences among 
growth temperature when compared for Pr2 activity 
of M. anisopliae. For all the isolates used in these 
studies, the highest Pr2 activity (61.61±1.29, 
49.71±1.71 and 41.51±1.05 U/mL/h for M408, 
M440, and M460, respectively) was observed when 
the growth medium was incubated at 35°C, which 
was significantly similar to the Pr2 production at 
45°C. The lowest lipase activity for all the isolates 
was observed at a 55°C (Table IV). 
 

DISCUSSION 
 
 Fungal pathogenesis is a complex and multi-
factorial phenomenon, with particular virulence 
factors coming into play at various stages of 
infection and death. Like most fungal pathogens, M. 
anisopliae might use a combination of enzymes to 
penetrate the cuticle and access the nutrient-rich 
host haemocoel. The extracellular protease of M. 
anisopliae has been implicated as a component of 

the insect infection process (Bidochka and 
Khachatourians, 1990), and in this study we report 
on the regulation of Pr1 and Pr2 protease production 
by three different isolates of M. anisopliae in liquid 
culture, as a function of carbon source (with special 
reference to diamondback moth cuticle), 
temperature and pH. 
 
Table IV.- Effect of temperatures on trypsin-like (Pr2) 

protease activity of different M. anisopliae 
isolates. 

 
Pr2(U/mL/h) Temp. 

(°C) M408 M440 M460 
    

25 45.47±1.90 b 36.69±1.17 bc 30.64±1.69ab 
35 61.61±1.29 a 49.71±1.71a 41.51±1.55 a 
45 57.94±1.79 a 46.75±1.23 a 39.04±1.52 a 
55 39.61±1.81 b 31.95±0.96 c 26.69±1.19 b 
F, df, P 16.79; 3; .008 13.78; 3; 0.001 12.24;3;0.01 
    
Means (± SE; n = 3) in the same column with different letters 
are significantly different from each other (Tukey’s, P<0.05)  
 
 M. anisopliae extracellular hydrolytic 
enzymes are important for the degradation of host 
cuticle during infection, assisting penetration and 
providing nutrients for further growth (Bogo et al., 
1998; St. Leger et al., 1995). The effects of different 
carbon sources on protease (Pr1 and Pr2) secretion 
and biomass production by M. anisopliae were 
tested in medium supplemented with simple or 
complex carbon sources individually or in 
combination. As shown in Table I, significantly 
different levels of protease activity were shown by 
M. anisopliae in all media tested; however, the 
amount of secreted enzymes varied. High levels of 
subtilisin (Pr1) activity were observed in cultures 
supplemented with diamondback moth cuticle or 
chitin plus 1% glucose, and lower levels were 
observed in cultures containing 1% glucose, 1% 
GlcNAc or when diamondback moth cuticle and 
chitin were used in combination with 1 %  GlcNAc 
whereas a high subtilisin (Pr1) activity was 
observed from the supernatant having 1% 
diamondback moth cuticle as a sole carbon source. 
The highest level of trypsin like (Pr2) activity was 
found in medium having 1% diamondback moth 
cuticle plus 1% glucose (Table I). Since arthropod 
cuticles comprise about 70% protein, this enzyme 
activity may have an important role in host 
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penetration (Gillespie et al., 1998).  
 Several studies used insect cuticles as 
substrates to analyze how host cuticles influence 
production of cuticle-degrading enzymes. Dias et al. 
(2008) suggested that subtilisin-like (Pr1) and 
trypsin–like (Pr2) proteases produced by B. 
bassiana were induced by the components of coffee 
berry borer cuticle. De Moraes et al. (2003) 
analyzed the secretion of proteases in single and 
combined carbon sources as compared to the 
complex substrates like chitin and Boophilus 
microplus cuticle. They observed highest level of 
Pr1 and Pr2 activities from the supernatant having 
Boophilus microplus cuticle and chitin as sole 
carbon source respectively. Possible reasons of 
lower protease activities from the supernatants 
having GlcNAc as a carbon source in combination 
with chitin or diamondback moth cuticle can be the 
composition of these chemicals in insect cuticle 
which is composed of more heterogeneous 
components than the polysaccharides hydrolyzed by 
the above cases. Yet an analogous situation of 
sequential hydrolysis of insect cuticle by 
entomopathogenic fungi exists, and concerted 
regulation by functionally dissimilar extracellular 
enzymes may be the case here. Our data show that 
extracellular protease synthesis is regulated by 
products of chitin degradation. One possibility is for 
B. bassiania extracellular protease to be under the 
control of the multiple regulatory system described 
earlier (Bidochka and Khachatourians, 1988). 
 Our findings on the production of 
extracellular protease (Pr1 and Pr2) by depressed 
mycelia clearly indicate that higher Pr1 and Pr2 are 
observed from the supernatants containing 
diamondback moth cuticle and chitin respectively. 
A similar pattern of extracellular protease 
production was observed by Bye and Charnley 
(2008) when different isolates of Lecanicillium spp. 
were grown in the presence of locust and peach 
aphid cuticle. At first sight, it seems counter 
intuitive that proteases should be induced by chitin. 
However, given that the cuticle consists primarily of 
chitin fibrils embedded in a protein matrix (Neville, 
1984) and that fungal chitinases are also usually 
induced by chitin (Smith and Grula, 1983; St. Leger 
et al., 1986b), co-coordinated regulation of enzymes 
that hydrolyze the two main constituents of cuticle 

may prove most efficient under some circumstances. 
The subtilisin like Pr1 from the mushroom pathogen 
Trichoderma harzianum is induced also by chitin in 
fungal cell wall preparations and is repressed in the 
presence of casein or BSA (Geremia et al., 1993). 
Since chitin is an insoluble polymer, the most likely 
inducer is the monomer NAG which plays a similar 
role for extracellular protease production by B. 
bassiana (Geremia et al., 1993) and Metarhizium 
endochitinase (St. Leger et al., 1986b). 
 Protease (Pr1 and Pr2) activity of M. 
anisopliae was also affected by pH changes in the 
basal medium with the diamondback moth cuticle as 
a carbon source. The production of these proteases 
seemed to be induced when the external pH is 
alkaline (Table II). These data suggest that both 
proteases are induced by specific components of the 
cuticle, and that their detection occurs at pH levels 
close to 8. Similar findings were also shown by 
Bidochka and Khachatourians (1987) who observed 
maximum Pr1 protease activity in B. bassiana at a 
pH 8.5. St. Leger et al. (1998) also described that M. 
anisopliae produces extracellular proteases only at 
the pH at which they are active. According to these 
authors, there is evidence for a concerted action of 
pH and presence of cuticle on enzyme induction in 
M. anisopliae. Recently Dias et al. (2008) also 
described higher Pr1 and Pr2 activities when B. 
bassiana was grown at a pH 8 in the presence of 
coffee berry borer cuticle. 
 The extracellular Pr1 and Pr2 activities were 
more active between 35 and 45°C which is similar 
to the findings of Bidochka and Khachatourians 
(1987) who observed that optimum temperature for 
protease activity ranged between 37 and 42°C. The 
protease inactivated at higher temperatures, 
approximately 40% activity remained after 30 min 
50°C, while protease was rapidly inactivated at 
60°C. Ito et al. (2007) also studied the effect of 
different temperatures on extracellular protease 
production by B. bassiana and observed that 
extracellular proteases were more active between 40 
and 60°C.  
 The study of the regulation of virulence 
factors in entomopathogenic fungus is of particular 
importance because pathogenic specialization may 
operate by way of regulatory controls that allow 
their expression. Furthermore, studies on the timing 
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of the production of proteases and other factors in 
the presence of cuticular substrates could provide 
information about the role of the accumulated 
hydrolytic enzymes during pathogenesis. Similarly, 
controlling the induction-repression of extracellular 
protease by means of a single regulatory system 
would be the most effective way of adjusting the 
rate of insect cuticle degradation. During cuticle 
penetration, extracellular proteases would hydrolyze 
proteins.  The results presented in this study 
increase the knowledge on protease production in 
M. anisopliae (isolate-IF28.2), opening new avenues 
for the study of the role of extracellular proteases 
(Pr1 and Pr2) in virulence against the diamondback 
moth during the infection process. 
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