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Entomopathogenic fungi are among the agents of biological control most widely
studied for their ubiquity, easy and fast growth on different substrates and its wide host
range. In this study 30 entomopathogenic fungi isolated from soils where citrus is grown
in different regions of Mexico to assess the production of chitinases, lipases and proteases
on solid media by calculating the enzymatic index, a criterion that relates the growth rate
and enzyme activity.We analyzed by ANOVA with mean separation by a Tukey test (£=
0.05). The results do not meet the criteria of normality were analyzed using a Kruskal-
Wallis test. According to the results of this test for protease and lipase activity at least one
of the isolated is different regarding their enzymatic index. Respect to chitinase activity
the according to the ANOVA there is significative difference in chitinolytic activity (F =
2.44; p = 0.001) between the strains tested; It was observed that the chitinase activity was
exhibited in a range 1.10-1.50; the highest enzymatic index value was for the isolate HIB-
19, followed by the isolate HIB-1. These results show the presence of various hydrolytic
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enzymes from fungi evaluated.
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Entomopathogenic fungi areanimportant
alternativefor awider context of insecticideswithin
the schemes for insect pest management (Lord
2005; Roy et al., 2006). Physico-chemical aspects
related to the development of the disease require
the favorable interaction of the entomopathogen
with external tissues your host. The pathogenesis
involves: 1) the growth of the germ tube into the
cuticle with the concomitant production of
extracellular hydrolytic enzymes; 2) production of
sticky mucilage; 3) the formation of appressoria
on the surface of the cuticle; 4) the penetration of
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infectious plug into the epicuticle, then procuticula,
and finally in the hemocele and hemolymph
(Khachatouriansand Qazi, 2008). One of the major
virulence factors associated with successful
penetration of the cuticle of insectsdepends mainly
on various hydrolytic enzymes that degrade
proteins, and lipids in the chitin insect’s
integument and provide nutrients for the fungus,
even levels specific cuticle degrading enzymes,
such as lipase, chitinase, protease, quimoel astase
and chymotrypsin are related to variables of
specific virulence (Hegedus and Khachatourians,
1995).Many pathogenic enzymes areimportant in
determining virulence because they allow the
pathogeni ¢ process coexi st with metabolic changes
associated with the disease state of the host (Qazi
and Khachatourians, 2008). Regarding
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entomopathogenic fungi are no results about the
isolation, identification and purification of
extracellular enzymes degrading of insect cuticle
(James et al., 2003; Fang et al., 2005; Ali et al.,
2011).Exist several studiesof thein vitro production
of extracellular enzymes of entomopathogenic.
Entomopathogenic fungi are organisms widely
distributed and their occurrence is practically
ubiquitous. In nature, the different isolates exhibit
different responsesin termsof potential virulence
and secretion of enzymesis akey determinant of
this variation (Mustafa and Kaur,
2010; Subramanian and Punamalai, 2013). Theaim
of this study was to identify the natural enzyme
activities in 30 native entomopathogenic fungi
isolated from the citrus region of Mexico with
potential for control of Anastrephaludens(Diptera:
Tephritidae) and Diaphorinacitri (Hemiptera:
Liviidae) (Gandarilla-Pacheco et al.,
2012;Gandarilla-Pacheco et al., 2013 a, b) using
solid mediafor secretion of proteases, lipases and
chitinases and relate their possible potential for
management of these pests of concern associated
with theregion.

MATERIALS AND METHODS

Microor ganisms

The isolates of entomopathogenic fungi
used in this study were obtained from soils of the
citrusregion of Mexico (Table 1); in addition were
selected seven strains from the Collection of the
Biotechnology Institute FCB-UANL (GHA, Asdel
139,A-44 and A-48, B. bassiana; Pfr-114 and Pfr-
612, 1. fumosorosea y Met, M. anisopliae).The
method used for theisolation and characterization
of different entomopathogenic fungi recovered
was described by Galan-Franco et al (2011). The
stock cultures were maintained in the laboratory
collection L6 Biotechnology I nstitute, FCB-UANL.
Cryogenic vials for preservation were used
(Corning, NY, USA) with 1 mL of 10% glycerol v/iv
and stored frozen at -80°C.
Activation and preparation of suspensions of
conidia

Sel ected microorganismswere preserved
in cryogenic state (10% glycerol -80°C) and thawed
at room temperature (25 + 2°C). Within about 30-60
min; were inocul ated after in potato dextrose agar
medium (Bioxon, NJ, USA) and incubated during
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14 to 21 daysto 28°C. After incubation, each fungus
was added 10 mL of Tween 80 (SigmaAldrich, St.
LouisMO, USA) 0.1% (v / v) and the concentration
was adjusted to 1 x 10° conidiamL ™.
Composition of theculturemedia
Casein hydrolysismedium

The components of the hydrolysis of
casein: 0.1% KH,PO,, 0.05% KCI, 0.02%
MgSO,.7H,0, CaCl,.H,0 0.01%, 1.0% glucose
(Jalmek, San Nicoléas de los Garza, NL, Mexico),
1.2% bacteriological agar (Bioxon, NJ, USA) per
liter of bidistilled water; after wasresuspended 15%
skimmilk agar (BD, NJUSA), in 25 mL of double
distilled water and was added (adapted
fromSubramanian and Punamalai, 2013).
Chitinasesmedium

The components of the chitinases
medium: NH,H,PO, 0.13%, 0.02% KClI, 0.02%
MgSO0,.7H,0, 0.02% CaCl,,, 1.6% bacteriol ogical
agar (Bioxon, NJ, USA) in 750 mL of bidistilled
water; after was added 20% chitin (SigmaAldrich,
St. LouisMO, USA) colloidal resuspended in 250
mL of double distilled water and was added
(adapted from Chul-Kang et al., 1999 and Punamalai
Subramanian, 2013).
Tween 20 medium

The components of the medium Tween
20: 3.9% potato dextrose agar (Bioxon, NJ, USA),
0.5% NaCl, 0.01% CaCl,, 1.5% bacteriol ogical agar
(Bioxon, NJ, USA) per liter doubledistilled water;
after was resuspended 10% Tween 20 (Sigma
Aldrich, St. LouisMO, USA), in90 mL of double
distilled water and was added (adapted from
Subramanian and Punamalai, 2013).
Inoculation and incubation

For inoculation of the petri dishes each
containing of the mediums for observed the
enzymatic activity was put a small circle of
Whatman filter paper No.1 sterile in the central
part of each of the boxes; then 1 mL of fungal
suspension was added per box of each treatment
and incubated at 25 + 2 °C.
M easur ement of enzymeactivity

Theactivity measurement was performed
at 120 h of incubation. Using a vernier were
measured the colony diameter and the halosformed
around thetreatment inmillimeters.
I nter pretation of enzymeactivity on solid media

For the interpretation of enzymatic
reactions on solid media (presence of halosaround
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the colony) was used acriteriarelating the growth
rate and enzymatic activity using the enzymatic
index value which equalsthetotal diameter of the
colony morethe hal o divided between the diameter
of thecolony. Enzymaticindex values> 1.0indicate
enzymeactivity (Mustafaand Kaur, 2010).
Statistical analysis

Each treatment was performed intriplicate
and all experimentswere repeated at | east twice.We
analyzed by ANOVA with mean separation by a
Tukey test (x= 0.05). All statistical tests were
conducted by IBM ® SPSS® v.191nc., N.Y., USA.
The results do not meet the criteria of normality
were analyzed using aKruskal-Wallistest.

RESULTS AND DISCUSSION

Theresultsdid not follow anormal curve
for protease and lipase activities (Z = 2.21, p =
0.000) and (Z = 3.83, p = 0.000), respectively.
Therefore, Kruskal-Wallis test was performed for
these results.According to the results of this test
for protease and lipase activity at least one of the
isolated isdifferent regarding their enzymatic index
(protease: C2=70.91, p=0.000; lipase: C2=56.79,
p=0.015).

Respect to chitinase activity the results
wereadjusted to anormal curve (Z =1.02, p=0.25)
and according to theANOVA thereissignificative
differenceinchitinolytic activity (F=2.44; p=0.001)
between the strains tested; therefore the
comparison test of Tukey at 0.05 significancewas
performed. It was observed that the chitinase
activity was exhibited in a range 1.10-1.50; the
highest enzymatic index value was for the strain
HIB-19, followed by the strain HIB-1 (1.45)
(Table2).

Fungal infection on their hosts depends
numerous biological events that are initiated by
the adhesion of spores in the insect cuticle,
germination and hyphal growth (Altreet al., 1999).
Entomopathogenic fungi exhibit a variety of
attributes or characteristics that determine
virulence towards their hosts,such as the
production of toxinsand degradative enzymes (Dias
et al., 2008). It isgenerally accepted that both the
mechanical strength and enzymatic processes,
including certain metabolic acids mediate initial
interaction. Currently some of the genes
responsiblefor theresults of successful interaction
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with the host and the environment are known
(Khachatouriansand Qazi, 2008). Theinsect cuticle
is the first barrier for the fungus thus a wide
variety of extracellular enzymes are synthesized
for the enzymatic processes involved in the
degradation of protein, chitin and lipid, the main
componentsof thisstructure (St. Leger etal., 1996).
In vivo the enzyme secretion sequence
correspondsto the polymers present in the cuticle.
Lipasesand proteases act before chitinases, chitin
fibers are surrounded by a protein coat; therefore
chitin can not be degraded until the proteins are
removed (Bidochkaet al., 1997); the significance
of any enzyme depends on the cuticular
characteristics and physiological state of the
insect, as well as mechanisms of invasion by the
fungus (Hegedus and Khachatourians, 1995). In
vitro studies in plate, enzyme production is
typically indicated by the formation of clear zones
around the colony growth or the formation of
colored productsor by use of inducing substrates
asinsect cuticles or selective mediasuch as chitin
colloidal or casein. Some Studies suggest to
proteases and chitinases as major determinants of
virulence in the pathogen-host relationship (Fang
etal., 2007; Yang et al., 2007).

Isolates and strains evaluated 51%
presented the three activities (protease, lipase and
chitinase), 46% only two and 3% only one
(chitinase),whiletheisolates and strains eval uated
that showed lipolytic, proteolytic and chitinolytic
activity the 79% are B. bassiana, |.
fumosoroseal6% and 5% M. anisopliae.

Proteolytic enzymes secreted by different
entomopathogenic have been attributed different
roles in the pathogenesis of insects including
degradation of the cuticle, prophenol oxidase
activation and virulencein the hemolymph. Protein-
degrading enzymes such as proteases,
collagenases and quimoelastasashave been
identified and characterized in A. aleyrodis, B.
bassiana, B. brongniartii, E. coronata,
Eryniaspp., Lagenidiumgiganteum,
Nomuraearileyi, M. anisopliae, y V.
lecanii(K hachatourians, 1996; Sheng et al., 2006).
The Prl protease is considered a key determinant
inthevirulence of entomopathogenic fungi, andis
believed to be an increase in the formation of
appressoria and conidiogenesis (Small and
Bidochka, 2005). Camposet al. (2005) reported that
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the presence of cuticles of Boophilusmicroplus
induces Prl in B. bassiana, while adding alanine
to the culture medium suppressed the production
of thisenzyme. Recently, Ito et al. (2007) showed
that aBrazilian strain of B. bassianareactivatedin
acorn cobs based broth, produced aproteaseina
medium containing glucose and yeast extract.
According to this study B. bassiana produced
80% of its total proteolytic activity in 48 h, with
the highest activity on the fifth day of incubation;
which coincideswith the results of thiswork since
the maximum activity was reported at 120 h of
incubation, although not all strains and isolated
evaluated showed proteolytic activity or was
low.Bidochka and Khachatourians (1988) in a
study with a strain of B. bassiana found that the
presence of glucose, glycerol, trehalose or mannitol
and ammonium together in a medium containing
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gelatin production suppressed serine protease
(Prl) in addition to has also been reported that
protease production is influenced by the type of
nitrogen source (Kucera, 1971); and it has been
reported that regulation of the genes encoding
isoforms cuticle degrading enzymes is probably
complex and may involve a combination of
induction of carbon/ nitrogen and / or repression
(Screen et al., 1998). Thismay explain that some of
the strains were not detected activity because the
medium used contained glucose which may have
acted as a repressor.

Theepicuticlelipidsare thefirst barrier,
so that lipases are important in the process of
infection;the composition these lipid includes
about 65% alkanes, 25% wax esters, triglycerides,
alcohols, and fatty acids; lipid addition, thecuticle
contains amino acids, and amino sugars that

Table 1. Entomopathogenic fungi isolated from cultivated soils of citrus orchards in different states of México
Key L ocation of collection Geographiclocation Elevation (m asl) Species
HIB-1 Guasave, Sindoa N 25°422 203 W 108°202 483 50 B. bassiana
HIB-2 Ahome, Sinaoa N 25°552 13 W 109°102 423 10 B. bassiana
HIB-3 Ahome, Sinaloa N 25°332 583 W108°262 443 10 B. bassiana
HIB-4 Ahome, Sinaloa N 25°552 243 W 109°102 253 10 B. bassiana
HIB-5 Ahome, Sinaloa N 25°482 213 W108°592 493 10 B. bassiana
HIB-6  Guasave, Sinaloa N 25°342 313 W 108°282 183 50 B. bassiana
HIB-7 Ahome, Sinaloa N 25°482 483 W 108°592 273 10 B. bassiana
HIB-8 Tamazunchale, San LuisPotosi N 21°172 153 W 98°432 383 140 B. bassiana
HIB-9  Tanquian, San Luis Potosi N 21°352 123 W 98°392 473 50 |. fumosorosea
HIB-10 Allende, Nuevo Ledn N 25°242 343 W 99°592 173 460 B. bassiana
HIB-11 Huaahuises, Nuevo Lebn N 25°242 343 W 99°592 173 400 M. brunneum
HIB-12 Allende, Nuevo Ledn N 25°242 343 W 99°592 173 460 M. brunneum
HIB-13 Hidalgo, Tamaulipas N 24°142 523 W 99°262 113 400 B. bassiana
HIB-14 Hidalgo, Tamaulipas N 24°142 523 W 99°262 113 400 B. bassiana
HIB-15 Hidalgo, Tamaulipas N 24°142 523 W 99°262 113 400 B. bassiana
HIB-16 Ahome, Sinaloa N 25°552 243 W109°102 253 10 B. bassiana
HIB-17 Ahome, Sinaloa N 25°552 243 W109°102 253 10 B. bassiana
HIB-18 Padilla, Tamaulipas N 24°52 03 W 99°72 303 153 B. bassiana
HIB-19 Linares, Nuevo Ledn N 25°092 133 W 99°512 103 350 |. fumosorosea
HIB-21 Tikinmul, Campeche N 199462 203 W 90°122 103 20 |. fumosorosea
HIB-22 Montemorelos, Nuevo Ledn N 25°102 033 W 99°572 113 430 |. fumosorosea
HIB-24 Montemorelos, Nuevo Ledn N 25°192 093 W 99°542 073 430 B. bassiana
HIB-25 Montemorelos, Nuevo Ledn N 25°102 033 W 99°572 113 430 B. bassiana
HIB-26 Hampolol, Campeche N 199552 253 W 90°232 263 10 |. fumosorosea
HIB-27 Hermosillo, Sonora N 28°532 363 W 111°192 453 210 |. fumosorosea
HIB-29 Montemorelos, Nuevo Ledn N 25°182 123 W 99°532 133 430 |. fumosorosea
HIB-30 Montemorelos, Nuevo Ledn N 25°102 033 W 99°572 113 430 |. fumosorosea
HIB-31 Chencolli, Campeche N 190482 483 W 90°162 253 30 |. fumosorosea
HIB-32 Padilla, Tamaulipas N 24°52 03 W 99°72 303 153 |. fumosorosea
HIB-33 Pocyaxum, Campeche N 190402 303 W 90°202 303 20 |. fumosorosea
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function as nutrientsfor germination of thefungus
(Bidochkaet al ., 1997).

It has al so been reported that production
of lipases may be influenced by the type and
concentration of carbon and nitrogen sources. In
previouswork it was reported that the physiology

Table 2. Enzymatic Index Values of enzymes
produced by entomopathogenic fungi at 120 h of
incubation under laboratory conditionsat 25+ 2 ° C

Isolates Enzymes

/strains Lipase Protease  Quitinase*
HIB-1 124 1.05 145
HIB-2 1.00 1.02 141>
HIB-3 1.20 1.02 136
HIB-4 1.25 1.00 1122
HIB-5 1.00 1.04 135
HIB-6 1.00 1.05 1.30%
HIB-7 113 1.02 138
HIB-8 1.09 1.05 133>
HIB-9 1.00 1.06 134>
HIB-10 156 1.04 129
HIB-11 1.00 1.03 126
HIB-12 1.00 1.03 1.20®
HIB-13 112 1.04 136
HIB-14 1.04 1.04 133
HIB-15 113 1.03 133
HIB-16 1.37 1.02 121
HIB-17 113 1.06 126
HIB-18 1.00 1.05 143>
HIB-19 1.23 1.01 150°
HIB-21 1.00 1.04 131
HIB-22 1.00 114 1.20®
HIB-24 1.36 1.02 1.18%
HIB-25 114 1.05 l1.16%
HIB-26 1.00 113 137>
HIB-27 1.06 1.08 128
HIB-29 114 1.01 134>
HIB-30 111 1.00 1.20®
HIB-31 1.00 114 125
HIB-32 1.00 1.05 l1.16%
HIB-33 1.00 1.07 124>
GHA 1.06 113 127>
Met 1.02 1.01 1.10%
Pfr-612 1.00 1.00 138
Pfr-114 1.00 114 138
Asdel 139 1.23 1.03 132
A-44 122 1.00 1.41%
A-48 122 1.02 115%

Mean +SD 110+ 0.20 1.04+0.04 1.29+0.13

* Treatments with the same letter are not significantly
different according to Tukey test (p d” 0.05)
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in the production of lipases shows that the
mechanisms regulating the biosynthesis varies
widely in different microorganisms (Sharmaet al.,
2001). Inlipolytic activity also caninfluence other
factors such as metal ions, changes in pH and
temperatureto nameafew. Divalent metal ionssuch
astheferric caninhibit thelipase activity, whereas
magnesium ions may slightly increase activity at
low concentrations (Ali et al., 2009). In thiswork
the culture media Tween 20 was used and its
composition includes potato dextrose agar, a
culturemediumwidely used in theisolation of fungi
and yeasts. This means that in its formulation
contains potato infusion that mainly supplements
carbohydrates, such as starch but may also contain
small amounts of mineralsin the composition that
may influence the secretion of these enzymes in
culturemedia.

Entomopathogenic fungi synthesize a
diverserange of chitinases. Thisclassof enzymes
act synergistically with enzymes such as
proteinases and 2-1,3glucanases, which are closely
involved in the insect cuticle. Chitinases are also
involved infungal development and pathogenesis
(Khachatouriansand Qazi, 2008). Feng et al. (1994)
reported achitinase in Beauveriabassiana that
increased its virulence. Several studies have
reported a positive correlation between the
production of extracellular enzymes and their
virulence. The expression of chitinase genes in
different organisms is controlled by a system
induction/suppression inwhich the chitin or other
degradation products act as inductors. In yeast, it
has been observed that glucose and other carbon
sources can act as system repressors(Felse and
Panda, 1999); while chitinase productioninliquid
culture medium was suppressed by the presence
of an assimilable carbon source and induced
colloidal chitin or yeast extract (Dhar and Kaur,
2010).

In the present study all fungi evaluated
reported chitinase activity inmediacolloidal chitin
which is consistent with previous studies. Most
strains and isolates selected were evaluated
previously in work against two citrus pest
(Gandarilla- Pacheco et al., 2012, Gandarilla-
Pacheco et al., 2013 a,b) where some of them
showed levels of important virulence, sinceit has
been reported that specific enzymesor various more
of them in an enzymatic cascade can serve as
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virulence determinants since enzymes are
differentially expressed in culture media, is also
possible that may be involved in determining the
host range (Guptaet al., 1994); and it isalso clear
that the entomopathogenic fungi seek to adapt to
suit their ecological niches (St. Leger etal., 1997)
which may aso explainthevariability in production
of hydrolytic enzymes.

CONCLUSIONS

Analysis of the results shows that most
entomopathogenic used in this study secreted in
solid media, proteases, lipases and chitinases, the
latter are detected in all tested fungi. This study
presents new perspectives and helps to
complement other studies in which the
pathogenicity of theseisolateswith two important
citrus pests evaluated.
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