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SUMMARY

Lecanicillium (Verticillium) lecanii produced chitinases us-
ing shrimp shell as inducer. Maximum production of B-N-
acetylglucosaminidase was measured at 80h. Enzyme stabil-
ity was obtained at temperatures ranging from 30 to 40°C and
maximum activity at 50°C, pH 6.0. Enzyme activity increased
with Ba**, Co*, Fe’* and Zn’*. Bioassays against the phyto-
pathogenic fungus Oidium spp. showed mycelial and germi-

nation inhibition. SDS-PAGE electrophoresis of the partially
purified extract revealed four bands of 70, 58, 45 and 31kDa
and this extract showed activity of B-N-acetylglucosaminidase
through zymogram analysis. Chitinases produced by L. lecanii
are potentially useful against phytopathogenic fungi, insects and

chitosan bioconversions.

Introduction

Agricultural practice has
recently experienced a re-
orientation toward ecologi-
cally sustainable manage-
ment. This has motivated the
chemical industry to search
for new technologies based
on biological alternatives for
pest control. As a result, an
economic increment of 20%
has been directed to explore
biotechnological products
of microbial origin, such as
biofertilizers, biopesticides
and microbial enzymes used
for crop bioprocesses (Terg-
erdy and Szakdacs, 1998).

Companies such as Cy-
anamid, Ciba, Dupont, Mon-
santo, Sandoz and Zeneca
have designed genetic engi-
neering programs in order

to develop crops resistant to
insects, diseases and chemi-
cal herbicides (Froyd, 1997).
These companies have evalu-
ated natural products such
as plant metabolites and mi-
croorganisms as an alter-
native practice for control.
Strains of entomopathogenic
fungi are the basis of di-
verse commercial products
such as Mycotal, Biogreen,
Mycotrol GH, Laginex (Butt
et al., 2001). Among other
applications, Lecanicillium
(Verticillium) lecanii has
been used to control whitefly
and aphids (Steenberg and
Humber, 1999) because L.
lecanii synthesizes hydrolytic
enzymes, such as proteases
and chitinases. Chitinases
have been used as mycope-
sticides (Deshpande, 1999)

and, in the pharmaceutical
industry, to convert chitin
into chitosan (Nahar et al.,
2004), an excipient that can
be used for drug liberation
(Alonso and Sanchez, 2003;
Cerchiara et al., 2003).
Viniegra et al. (2003) have
shown effective fungal growth
and enzyme production in
solid-state fermentation (SSF)
systems, compared with liquid
culture. Additional advantages
of SSF are low water activity
(a,), which reduces contami-
nation problems; more ther-
mostable enzymes and greater
productivity (Matsumoto et
al., 2004). In particular, L.
lecanii ATCC 26854 has
been used for the produc-
tion of hydrolytic enzymes in
solid-state culture with insect
cuticle and shrimp waste si-

lage as chitinases inducers
(Barranco et al., 2002; Mat-
sumoto et al., 2004). Shrimp
shell wastes may be used as
a disposable and economic
substrate.

In this study the produc-
tion and the biochemical
characteristics of the B-N-
acetylglucosaminidase pro-
duced by L. lecanii in SSF
using shrimp shell as C source
and inducer were investigated.
The application of the Gomp-
ertz model is proposed to
evaluate overall enzyme ki-
netic production.

Materials and Methods
Strain and stock medium

The entomopathogenic fun-
gus L. lecanii ATCC 26854
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RESUMEN

Lecanicilium (Verticillium) lecanii produjo quitinasas medi-
ante el uso de caparazon de camaron como inductor. La mdx-
ima produccién de B-N-acetylglucosaminidasa se obtuvo a las
80h. Se observo estabilidad de la enzima en el intervalo de tem-
peratura entre 30 y 40°C y su actividad mdxima a los 50°C, pH
6,0. La actividad enzimdtica se incrementé con Ba**, Co**, Fe’*
and Zn**. El bioensayo contra el hongo fitopatégeno Oidium

spp. mostré inhibicion micelar y de la germinacion. La electro-
foresis SDS-PAGE del extracto parcialmente purificado mostro
cuatro bandas de 70, 58, 45 y 31kDa y este extracto mostré ac-
tividad de B-N-acetylglucosaminidasa a través de un andlisis de
zimograma. Las quitinasas producidas por L. lecanii pueden ser
potencialmente utilizadas contra hongos fitopatégenos, insectos
y en la bioconversion del quitosdn.

PRODUCAO DE B-N-ACETILGLUCOSAMINIDASA DE Lecanicillium (Verticillium) lecanii ATCC 26854 EM
FERMENTACAO EM ESTADO SOLIDO UTILIZOU EXOESQUELETO DO CAMARAO

Esteban Barranco Florido, Patricia Bustamante Camilo, Lino Mayorga-Reyes, Rina Gonzalez Cervantes, Patricia Martinez Cruz e

Alejandro Azaola

RESUMO

Lecanicillium (Verticillium) lecanii producido quitinases utili-
zou exoesqueleto do camardo como inductor. Produgcdo mdxima
de B-N-acetilglucosaminidasa foi obtido em 80h. A estabilidade
de enzima estava em o intervalo de temperaturas de 30 - 40°C
e os niveis mdximos de atividade enzimdtica foram obtidos em
50°C, pH 6,0. A atividade de enzima foi aumentada com Ba**,
Co*, Fe** e Zn**. O Bioensaios contra fungo fitopatégenos Oi-
dium spp. mostrou inibicdo miceliar e germinag¢do. O electro-

foresis SDS-PAGE do extrato parcialmente purificado revelou
quatro faixas de 70, 58, 45 e 31kDa e este extrato apresentou
atividade B-N-acetilglucosaminidasa através de uma andlise zi-
mograma. O quitinases produzido por L. lecanii sdo potencial-
mente capaz de ser utilizado contra fungos fitopatégenos, inse-
tos e bioconversions de quitosano

and the phytopathogenic fun-
gus Oidium spp. wild strain
isolate in Morelos, Mex. were
grown on potato/dextrose/agar
(PDA) (Sigma) at 25°C.

Solid-state fermentation

Solid-state cultivation of
L. lecanii was performed in
250m1 Erlenmeyer flasks. Cul-
ture medium was prepared as
described by Barranco et al
(2002). For chitinase induction,
shrimp shell was used (60g-1")
at pH 5.0. A concentration of
1x107 spores was inoculated
per gram of moisture matter.

pH and protein
determination

Two g of solid culture were
added to 20ml of distilled
water, mixed during 10min
and the pH measured. Protein
concentration was determined
by Lowry’s method (Lowry
et al., 1951) using BSA as a
standard.

Enzyme extraction

Once fermentation had tak-
en place, water was added to
the flask content 1:1 (w/v). It
was pressed at 1500psi with
a hydraulic press (ERKCO
Aeroquip Mexican, S.A.) and
centrifuged at 5000rpm for
10min. The extract was par-
tially purified in a Spectrum
Filtration System with a Mi-
cro-ProDiCon™ membrane
(MWCO 250kD), and stored
at -20°C.

Bioassay

Oidium spp. was utilized
as antagonist. For the myce-
lial inhibition test, L. lecanii
and Oidium spp. were inocu-
lated in PDA agar. They were
incubated at 25°C and their
radial growth was determined
each 24h for 5 days. To de-
termine the inhibitory effect
of the antagonist fungus on
germination, 200ul of Oidium
spp. at concentration of 1x107
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spores/ml were inoculated
in the center of a Petri dish
with PDA. Then, 500ul of
the enzymatic extract was
added and the dishes were
incubated at 25°C during 5
days (Lorito et al., 1994). A
culture with the antagonist
Oidium spp. without extract
was used as a control.

Enzymatic assays

B-N-acetylglucosaminidase
activity was determined as
described by Coudron et al.
(1984), using p-nitrophenol
N-acetyl-B-D-glucosamine
(Sigma) as substrate. Fifty pl
of the enzymatic extract were
added to a mixture of 150ul
of de-ionised water, 200l
of 0.2M citrate-phosphate
buffer (pH 5.6) and 200ul
of substrate (Img-ml'). The
reaction mixture was incu-
bated for 1h at 37°C and the
reaction stopped with 1ml of
a 0.02M NaOH solution. One
unit of activity was defined

as the amount of enzyme
that releases Immole of p-
nitrophenol per min at O.D
of 400nm. All experiments
were conducted in triplicate
and the mean represents the
number of enzyme units pro-
duced per gram of shrimp
shell (Kunamneni et al.,
2005).

Effect of metal ions

The effect of different metal
ions on enzymatic activity was
determined by the addition to
the reaction mixture of ImM
of each of the following ions:
B3.2+, C02+! F62+, Fe3+, Mn2+,
Zn?**, K*, Li*, Ag*, Ca*" and
Mg?*. Enzymatic activity was
subsequently assayed under
standard conditions.

Electrophoresis
and zymogram

SDS-PAGE on 11% (w/v)

polyacrylamide slab gels
was performed according
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to Laemmli (1970).
Gels were stained
with silver nitrate
and zymograms
were run accord-
ing to Guthrie et
al. (2005). In brief,
proteins were sepa-
rated in polyacryl-
amide gel electro- .

0.8 -

B-N-acetylglucosaminidase activity (U)

rithm (correlation
coefficient= 0.997;
MSE= 0.0038). Us-
ing the differential
form, the instant
rate of activity
shows a maximum
at 38h, during fer-
mentation. Activity
000 developed gradually;

r 0.04

p/ep

r 0.02

phoresis (PAGE) in o
native conditions

lacking SDS. Crude Figure 1 Fitted B-N-acetylglucosaminidase activity of L.
lecanii. The symbols represent obtained experimental data,
while the line is the result of data adjustment through the of
Gompertz model and the broken line is the enzymatic activity
instant rate.

protein  samples
were prepared in
125mmol-1"" Tris-
HCI (pH 6.8), 20%
glycerol (v/v) and
0.2% bromophenol blue.
Samples were loaded into
1.0mm gels with a 4% stack-
ing gel and separated along
a 10% resolving gel in a
vertical electrophoresis sys-
tem (OmniPAGE CVS10D,
Cleaver Scientific Ltd). Na-
tive gel was simply washed
in distilled water for Smin
before being placed in the
agarose-substrate solution
previously prepared by heat-
ing 20ml of 100mmol-I" so-
dium acetate (pH 5.6), 1%
agarose at 50°C. The sub-
strate 4-methyllumbelliferyl
N-acetyl-B-D-glucosaminide
[4-MU(GIcNAc)] (Sigma)
was added to final concen-
tration of 0.025mg-ml"'; gel
was agitated gently in this
solution for Smin at 37°C
prior to detection under UV
light.

Statistical analysis

Data are reported as the
arithmetic mean of three in-
dependent experiments +SD
and a One Way ANOVA
(p<0.05) for Tukey HSD test
was run for significant dif-
ferences in program SPSS 13
for Windows.

Theoretical considerations
of the model

Enzyme production was
simulated using the Gomp-
ertz model. The integrated
form of the Gompertz model
allows for an algebraic rela-
tion of time-enzymatic activ-
ity (Saucedo et al., 1990) as
follows:
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where P: enzymatic activ-
ity, t: time, k: the enzymatic
production rate constant, and
P...: the highest enzymatic
activity. The differential form
of the Gompertz model can
determine instant rates of en-
zymatic activity as:

dP/dt= k P In(P, /P)

Parameters may be esti-
mated using least squares
in a nonlinear regression by
the Marquardt method (Mar-
quardt, 1963). The goodness
of fit of the nonlinear regres-
sions was evaluated by deter-
mination of correlation (R?),
mean square error (MSg) and
the residual values (Noguera
et al., 2004).

Results and Discussion

B-N-acetylglucosaminidase
activity of L. lecanii in solid
culture

L. lecanii is a fungus that
adapts to solid-state cultiva-
tion (Barranco et al., 2002).
Barranco (2004) showed a
correlation between enzy-
matic activity and increase
of the CO, produced during
growth of the fungus, which
indirectly reflects a biomass
increment, and enzymatic
activity was thus considered
as an indirect measurement
of fungal growth. As shown
in Figure 1, enzyme produc-
tion fitted the integrated
form of the Gompertz model
with the Marquardt algo-

160 it began after the
spore germination
period (lag phase)
during the first 20h
fermentation,
reaching its maxi-
mum value after
70h and remaining
at it for the 130h of cultiva-
tion. Previously, L. lecanii
was used for chitinase
production in two sys-
tems, solid-state fer-
mentation with shrimp
waste silage as carbon
source (Matsumoto et
al., 2004) and sub-
merged fermentation
with shrimp and crab
shell powder (Bing-
Lan et al., 2003).
However, the high
content of impurities
in silage, in the first
case, and the long
cultivation time re-
quired in the second,
demanded improve-
ment of the chitinase
production process,
including an easier
and cleaner enzyme-
recovery operation. The
present results of L. lecanii
enzymatic activity are high-
er than those reported for
Talaromyces flavus in liquid
culture (Duo et al., 2005)
and similar to those for Aer-
omonas schubertti (Shang et
al., 2004). Throughout fer-
mentation, the medium pH
rose from 5.0 to 7.75 due to
NH,* liberation, resulting in
a microenvironment modi-
fied by the fungus, which is
a factor contributing to the
pathogenic mechanism of
the fungus (St-Leger et al.,
1999). Total protein con-
centration increased during
the fermentation process as
a result of hydrolysis of the
complex substrate and of
the excreted extra cellular
protein.

Qidium spp

L. fecanii

Antagonism of L. lecanii to
Oidium ssp.

As is well known, the bio-
diversity of an ecosystem
affects species survival. L.
lecanii synthesizes metabo-
lites that affect the growth
and germination of phyto-
pathogenic fungi. Figure 2
illustrates the antagonism
between L. lecanii and the
phytopathogen fungus Oid-
ium ssp., a plague of peach
plantations (Prunus persica).
Although radial growth of
Oidium was greater than that
of L. lecanii after 5 days,
this latter fungus initiated
a mycoparasitic process by

Figure 2 Interaction of L. lecanii with the
phytopathogenic fungus Oidium spp. in the
antagonism bioassay. 200l of spores (1x107
spores/ml) of L. lecanii and Oidium spp.
were inoculated in PDA agar and incubated
at 25°C.

invading mycelia of Oidium
ssp., thus inhibiting myce-
lium growth. This biological
activity requires degrada-
tion of the cell wall of the
phytopathogenic fungus, a
process in which chitinases
play a fundamental role, as
reported for Trichoderma
spp- (Kubicek et al., 2001).
The enzymatic extract pro-
duced an inhibitory effect
upon spore germination of
the antagonist, as previously
observed for Trichoderma
harzianum and Gliocladium
virens, which inhibit the ger-
mination of Botrytis cinerea
spores (Lorito et al., 1994).
Production of chitinases able
to degrade the cell wall of
other fungi would potentially
allow the use of L. lecanii
as a mycopesticide.
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Figure 3. a: Effect of temperature on [-N-

acetylglucosaminidase stability; optimum temperature
was determined by incubating at different temperatures
ranging from 25°C to 70°C. Residual activity was as-
sayed as described in Methods. b: Effect of pH on
B-N-acetylglucosaminidase activity measured at vari-
ous pH values at 50°C for 60 min; enzyme activity
was defined as 100% which corresponds to 1.6U. c:
Effect of temperature on enzymatic activity, activity
measured from 30 to 60°C as described in Methods.

Effect of temperature
and pH on
B-N-acetylglucosaminidase
stability and activity

The effect of tempera-
ture on stability of B-N-
acetylglucosaminidase ac-
tivity is shown in Figure
3a. Residual activity was
determined in an enzyme
solution. L. lecanii B-N-
acetylglucosaminidase ac-
tivity was most stable at
30-40°C. At 65°C residual
activity was 15% and at
70°C the enzyme was in-
active. Enzymatic thermos-
tability was similar to that
of the T. flavus chitinases
CHIT41 and CHIT32,
with maximum activity

Activity was

TABLE I

METALLIC ION EFFECT ON RELATIVE
B-N-ACETYLGLUCOSAMINIDASE
ACTIVITY PRODUCED BY
L. lecanii ATCC 26854

Metallic ion (ImM)

Relative activity (%)

Control (no addition)

Ba2+
C02+
Fe2+
Fe3+
Mn2+
Zn2+
K+
Li*
Ag*t
C a2+
Mg2+

100d

203 24 a
189 +6,2 a
142 £12,2 be
191 #12,6 a
173 +11,9 ab
189 +10,2 a
107 £5,5 cd
166 +37,4 ab
113 £2,2 cd
89 1,8 d
105 +9,3 cd

The results are the mean of three replicates. Means fol-
lowed by the same letter are not significantly different

according to Tukey HSD Test (p<0.05).

at 40°C, but
with a higher
resistance to
heat inactiva-
tion (Duo et
al., 2005).
However,
thermostabil-
ity was lower
than that re-
ported  for
Pseudomonas
aeruginosa
(San and
Wen, 1997).
The effect of
pH on enzy-
matic activ-
ity is shown
in Figure 3b.
highest at pH

5.0-6.0. At pH 3.0 and pH
9.0 residual activity was

kDa M

97.4
66.2—»

45 —»

31 —»
21 —»

2 3 4 5
A i
—
e
-— -

Figure 4. a: SDS-PAGE (11%) electrophoresis of enzyme extract from different fer-
mentation times using shrimp shell as C source. M: standard marker, 1: Oh, 2: 24h 3:
48h, 4: 72h, 5: 96h. b: Zymogram of enzyme extract prepared from a 96h culture of
L. lecanii; native gel was incubated in an agarose-4MU(GIcNAc) solution for Smin at

lower. Similar pH values
have been found for several
chitinases of other myco-
parasitic fungi (Di Pietro
et al., 1993; Harman et al.,
1993; Duo et al., 2005). The
enzyme showed maximum
activity at 50°C, diminish-
ing to approximately 20% at
60°C (Figure 3c).

Effects of metal ions

The enzymatic extract was
incubated with different salt
solutions (0.1mM) at 37°C
for 1h. Table I shows sig-
nificant increases in B-N-
acetylglucosaminidase ac-
tivity with the addition of
Ba2+’ C02+’ Fe“, Zn2+, Mn2+,
Li* and Fe**; and a decrease
when Ca?* was added. The

a

<+— 58

— 42
<« 31

37°C, with Sug (1) or 50ug (2) of crude protein.

INVERLDIENDIA MAY 2000, VOL. 34 N° 5

enzyme activity was not af-
fected by the presence of
Ag*, K* or Mg?*. These
results show how diverse
the effect of the metallic
ions on the chitinases may
be. Sutrisno et al. (2004)
reported that the chitinase
excreted by Ralstonia sp.
A-471 was activated by
Mn?*, Cu?*, Ca?* and Mg?*,
while Bacillus sp. 13.26
chitinase was slightly ac-
tivated by Mg?*, inhibited
by Ca?* and significantly
affected by Mn?* and Co?*
(Yuli et al., 2004). Chi-
tinase of Stenotrophomonas
maltophilia was inhibited by
Hg?*, while K*, Mg?*, Ca?*,
Zn**, Ni** and Co?** did not
affect this activity (Zhang
et al., 2001). The variability
of the effect of metallic ions
possibly reflects different
enzyme forms synthesized
in order to hydrolyze the
diverse chitin polymers ex-
isting in nature (Patil et al.,
2000).

Electrophoresis and
Zymogram

SDS-PAGE electrophoresis
of enzyme extract is shown
in Figure 4. The gel im-
age consistently shows three
protein bands of 31, 48 and
58kDa. Although chitinolytic
activity with the chromoge-
nic substrate was detected
after 24h in the enzymatic
assay, the bands only ap-
peared at 48h, when activ-
ity increased. In addition,

band intensity increased
b with fermentation time.
These results coincide
with previous reports.
Krieger et al. (2003)
identified a band of
31kDa, with exo and
endochitinase activity
in M. anisopliae after
growing the microor-
ganism on chitin; Ba-
ratto et al. (2003) re-
ported a 42kDa protein
with endochitinase ac-
tivity in M. anisopliae,
coinciding with other
species such as T. har-
zianum (Carsolio et al.,
1994) and Aspergillus
nidulans (Baratto et al.,
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2003); Chul et al. (1998)
reported a 58kDa protein
in a ¢cDNA library of M.
anisopliae ATCC 20500,
which presents homologous
sequences to proteins from
other microorganisms. Fig-
ure 4b shows the fluores-
cence of 4-MU from the
zymogram with enzymatic
extract visible under UV
light, as a consequence
of the activity of B-N-
acetylglucosaminidase.

In conclusion, the sol-
id-state fermentation sys-
tem with shrimp shell as
the substrate was suit-
able for L. lecanii B-N-
acetylglucosaminidase pro-
duction, since it induced
enzyme activity and did not
interfere with protein recov-
ery. Moreover, the antago-
nistic assay showed that L.
lecanii may potentially be
used against phytopathogen-
ic fungi on account of its
chitinase activity and pos-
sibly also because of other
metabolites produced by the
fermentation process.
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