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ABSTRACT

This work aimed to evaluate the effects of Metarhizium anisopliae on Diatraea flavipennella and investigate
their immune response. Was observed the effect of M. anisopliac against larvae of D. flavipennella
sprayed at concentrations of 10°, 10*, 10° conidia / mL, in which showed differences relative the larval
period, extending up to 72.0 days in treatment and 25.0 days in the control. The results for hemocytes
revealed that the most frequent cells when sprayed at the concentrations of 10°, 10°, 107 conidia / mL
were the prohemocytes, spherulocytes, plasmatocytes and granulocytes in relation to adipohemocytes
and oenocytoids. The level of nitric oxide was different between the control and the concentration 10’
spores / mL (24), while the activity of phenoloxidase was similar among treatments in 24 and higher
concentration 107 spores / mL (60h). In biochemical profile of hemocytes was a change in carbohydrates,
lipids and proteins in response to the fungus. The results indicate that the fungus M. anisopliae can be
used in the Integrated Management of D. flavipennella by presenting pathogenicity and interfere with their
development even when exposed to small concentrations.
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INTRODUCTION

The sugarcane (Saccharum spp.) is an important
socioeconomic culture in Brazil. Its raw material is
used to produce sugar, ethanol, energy cogeneration,
animal feed, and organic fertilizers; generating
foreign exchange from the export of actions
sugar and alcohol (Cesnik and Miocque 2004,
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Mapa 2011). However, phytosanitary problems
result in significant loss of profits generated by
Diatraea genus pests like the moth borer Diatraea
flavipennella Fabr. (Lepidoptera: Crambidae) that
can cause direct and indirect damages to this culture
(Mendonga 1996, Freitas et al. 2007).

A complex set of parasitoids, predators, and
entomopathogenic agents occur naturally into the
sugarcane ecosystem, acting against many species
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belonging to the Diatraea genus (Mendonga et al.
1996). However, it is hard to control these borers due
to the occurrence of their larval phase in the stalk.

Among the entomopathogenic agents, fungi
like Metarhizium anisopliae (Metsch.) Sorok.
and Beauveria bassiana (Bals.) Vuill. are used
as potent biologic control agents against insects.
These fungal isolates under concentration of 10°
conidia mL reduced the larval viability of Diatraeca
saccharalis (Lepidoptera: Crambidae) (Oliveira et
al. 2008a). 27 isolates of M. anisopliae, pathogen
to D. saccharalis, were selected by Zappelini et
al. (2010). On the other hand, the insects have
a complex and efficient defense system against
pathogens, in which the first defense line is provided
by physical barriers: tegument and digestive tract
that initiate immune, cellular, and humoral answers
when broken up (Gillespie et al. 1997). The cellular
answers occur with the hemocytes participation; the
defense success depends on the number and type of
cells involved in this mechanism (Russo et al. 2001).

Moth borers of Diatraea genus show variations
in the hemocyte dynamics after M. anisopliae and B.
bassiana fungi inoculation (Oliveira et al. 2008b).
The insects” humoral defense includes melanization,
phenoloxidase, protease, enzymes increasing, as
well as potent antimicrobial peptides synthesis
(Lowenberger 2001). Many studies still relate the
nitric oxide (NO) production with phytotoxic effects
against pathogens (Foley and O’Farrell 2003).

Pech and Strand (1996) related that immune
functions held by a hemocyte in a specific specie
may be performed by a different cell type in
another cell. The authors advocate that the study of
the function in the defense process can be used for
characterizing a cell type since it is correlated with
ultra-structural morphology and especially with its
components biochemical in cytoplasm.

Thus, this study aimed to analyze the M.
anisopliae different concentrations effects against
D. flavipennella larval phase, the interference on
immunologic parameters like hemocyte dynamics,
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phenol oxidase production, nitric oxide, and total
proteins, as well as verify the possible differences
in the histochemical profile of hemocytes.

MATERIALS AND METHODS
CREATION D. FLAVIPENNELLA

The moth borers were grown under laboratory
conditions (27 = 1°C, RH 70 + 10% and 12 h
photophase) and were fed with Hansley and
Hammond (1968), an artificial diet modified by
Aratjo et al. (1985). Was used in all bioassays of
third instar of moth borers.

EFFECT OF M. ANISOPLIAE FUNGUS ON D. FLAVIPENNELLA

MOTH BORERS

In this study, the fungus M. anisopliae, isolate
ESALQ 1189, was used. The experiment was carried
out in a completely randomized design with four
treatments and eight replicates, each one with five
moth borers. For this purpose, fungal suspensions
at 10°, 10% and 10> conidia mL™' concentration
were used, while distilled and sterilized water and
Tween® 80 sticker/spreader at 0.01% were used for
the control (Oliveira et al. 2008a). The moth borers
ware sprayed using a micro-atomizer Paasche
“VL” brand, with 2 mL of suspension in each
treatment, which were individualized in plastic
vessels with a piece of sugarcane stalk and were
put in a Biochemical Oxygen Demand (B.O.D.)
incubator at 27 + 1°C and RH 70 + 10% and 12 h
photophase. Observations were made daily and the
dead moth borers were put in a humid chamber to
confirm the death causal agent. Based on confirmed
death data, the surviving curves were estimated by
Log-Rank test by pair of treatments using the SAS
Proc Lifetest (SAS Institute 1999-2001).

TOTAL AND DIFFERENTIAL HEMOCYTES COUNTING

Concentrations 103, 10° and 107 conidia per mL
of the fungus M. anisopliae were used and in the
control, sterile distilled water plus Tween ® 80
adhesive spreader 0.01%. Each treatment used 10
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moth borers at 24, 36, 48, and 60 hour intervals after
inoculation. An incision was made with a pair of
scissors in the pleural meso-region of the caterpillar
and a micropipette collected hemolymph, which
was diluted in 20 pL of Phosphate Buffered Saline
(PBS) solution (pH 7.0). The 10 uL of the sample
was transferred to a Neubauer chamber and the
total number of hemocytes was determined.

For differential counts, 10 L hemolymph for
smear preparation were used and dried for 20 minutes
at room temperature, fixed in methanol for five
minutes, and stained with Giemsa. Three hundred
(300) cells were counted for each individual (10
replicates), according to the Falleiros et al. (2003)
and Oliveira et al. (2008b) methods.

Data were submitted to variance analysis in
a factorial scheme and submitted to a regression
analysis when necessary. The averages were
compared by Tukey test at 5% probability, the
plasmocytes data transformed into V(x + 0.5), and
the remaining cells were transformed into arc sen of
\(x / 100). All analyses were carried out using the
SAS statistical program (SAS Institute 1999-2001).

NITRIC OXIDE LEVELS AND PHENOLOXIDASE ACTIVITY

The hemolymph was collected at 24 h and 60 h
after the fungal treatment (10° and 107 conidia mL")
and control (distilled water). Twenty (20) puL of
hemolymph was diluted in 90 pL of sulphanilamide
(1%) in H3PO4 (5%) as a sample. The nitrite (NO,)
content in the samples was correlated with absorbance
values obtained from the standard curve of sodium
nitrite (NaNQ,) as reference (Green et al. 1981).
The data were submitted to the variance analysis
and the averages were compared by the Tukey test
at 5% probability, using the SAS statistical program
(SAS Institute 1999-2001).

To the phenoloxidase activity, 10 pL of
hemolymph was diluted in 100 puL of PBS
(phosphate buffered saline) sample. The measures
of phosphate’s (PO) absorbance activity in the
L-dihydroxyphenylalanine (L-DOPA) substrate in

PBS were read in triplicates during 30 minutes with
one-minute interval in Biotek® reader with 490nm
filter using the Gen5 software.

HISTOCHEMICAL

Different stains were used to mark the hemocyte
substances. The carbohydrate was marked with Periodic
Acid-Shiff (P.A.S.) and the lipids and mucin were
marked with the Sudan Black and Mallory Trichrome
stains, respectively (Junqueira and Junqueira 1983).

RESULTS AND DISCUSSION
EFFECT OF M. ANISOPLIAE ON D. FLAVIPENNELLA MOTH BORERS

Exposing the moth borers to the different M. anisopliae
concentrations, an extended larval period was verified
in addition to causing the death of the moth borers,
differing from the control (x*=22.56, P<0.001, df = 3)
indicating that this biological parameter was affected
by the pathogenic action. The average survival time
of the control moth borers was 22.4 days; all moth
borers started the pupal stage on the 25" day. The 10°
and 10* conidia mL™! treatments presented a sublethal
effect, extending the larval period of the moth borers
that survived, to an in an average of 45.4 days and
52.1 days, respectively. The highest concentration
was for 10° conidia mL™' with the average survival
time reduced to 28.1 days, showing a direct effect on
the mortality of moth borers (Figure 1).

M. anisopliae fungus, isolate E9, affected D.
saccharalis larval viability in 34.2% at 10° conidia
mL!; and more than 50% of the remaining larvae
reached the pupal phase (Oliveira et al. 2008a).
According to the results found in this study and also
knowing that there are variations among different
isolates of the same species, itis possible to conclude
that D. flavipennella may be more susceptible to
M. anisopliae than D. saccharalis. However, the
tested isolate proved to be efficient for controlling
the studied pest, because it promoted larval period
elongation, besides not having favored the insects
reach the pupal stage. Such elongation may have
occurred as an escape mechanism due to adverse
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Figure 1 - Age-specific mortality of Diatraea flavipennella
larvae treated with different concentrations of Metarhizium
anisopliae. Note: survival curves estimated through Kaplan-
Meier method and pairwise comparisons of curves by Log-
Rank test (P =0.05).

condition in attempting to complete its cycle, a
fact that occurs in dipterous as verified by Zimmer
et al. (2010), who registered an elongation in the
pupal phase of Muscinas tabulans (F.) (Diptera:
Muscidae) after treatment with fungal suspensions
of M. anisopliae (10° to 10® conidia mL™).

TOTAL HEMOCYTES AND DIFFERENTIAL COUNTING

The 10° conidia mL™' treatment showed the higher
average of hemocytes 24 h after spraying, differing
only from the 107 conidia mL™! treatment, in which
there was a significant reduction of those cells. At
the 36 h evaluation, the 10> and 10° conidia mL"'
treatments showed the highest averages differing only
from the control. At 48 h after spraying, there were
no significant differences between treatments. Finally
at 60 h, the 107 conidia mL™! treatment showed the
highest average differing only from the 10° conidia
mL"! treatment (F=0.99, P=0.4736) (Figure 2).

The hemocitarian dynamics in the evaluated
treatments remained constant, showing variations
only along the evaluation time of the adipohemocytes
and spherulocytes, while, for the plasmocytes, prohe-
mocytes, granulocytes, and oenocytoids, the hemo-
citarian dynamics was variable in the treatments at each
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Figure 2 - Hemocytes total counting average (+EP) of third
instar of Diatraea flavipennella moth borers sprayed with
Metarhizium anisopliae at 10%, 10°, and 107 conidia mL™"
concentrations collected at different times. Bars followed by
different letters differ significantly by the Tukey test (P<0.05).

time. The plasmocytes decreased significantly when
compared to control at the higher concentrations at 36 h
(F=5.08, P=0.0049), and with 48 h (F=3.22, P=0.0343)
and 60 h (F=4.27, P=0.0111) at the concentrations
of 107 and 10° conidia mL", respectively. The
prohemocytes increased  significantly = when
compared to the control at 24 h (F=3.87, P=0.0181)
in the concentration of 10° conidia mL!; and at 60
h (F=4.34, P=0.0103) in the concentration of 10’
conidia mL!. The granulocytes showed similar
behavior to the control at 24 h. However, at 36 h
(F=6.28, P=0.0015) and 60 h (F=4.91, P=0.0060),
they increased considerably to 10° conidia mL!
concentration, while at 48 h there was a reduction in
the two higher concentrations (F=5.11, P=0.0051).
To the oenocytoids, there was an increase only at
48 h (F=4.65, P=0.0077) for the concentration of
103 conidia mL!, differing from the control in the
concentration of 10° conidia mL-! (Figure 3).

The immediate reduction (24 h) of hemocytes
at 107 conidia mL™! concentration can be related
to the higher substance released by fungus;
Griesch and Vilcinskas (1998), studying the action
of M. anisopliae on Galleria mellonella (L.)
(Lepidoptera: Pyralidae) hemocytes, concluded that



Metarhizium anisopliae ON Diatraea flavipennella 1977
60 qa Plasmocytes Prohemocytes -
s Control 60 1
50 41, e 10} ab
= 10’ 2 - 2 Eb
40 - B
” a a ——— B4 40 1 . .
9 ab a
% 30 - ab 30 - ab ab
=] b ab a 3 b
b ab
5 20 1 > P 201 @
f b ab b
& 10 1 10
)
s
£ 0- g e
3
g 35 - ;
= E Granulocytes 9 - Oenocytoids
£ 30 A . a
4
< 25418, i
a 6
20 - g ab a ab a
15 | ab =
b 2o a i i af bl |b Tl |2
10 - " b 3 a
a a
5 ;
0 - 0 -
24 36 48 60 24 36 48 60
Time (hours)

Figure 3 - Diatraea flavipennella moth borers hemocytes differential counting average (+EP) sprayed with Metarhizium anisopliae
at 10°, 10°, and 107 conidia mL™" at intervals of 24, 36, 48, and 60 hours after the treatment. Averages with different letters along
the time differ between the two treatments by the Tukey test (P<0.05).

fungus can produce extracellular proteases, which
seem to participate in the suppression of cellular
immunological response. The significant increase
in the hemocytes number in the 107 conidia mL"!
concentration at 60 h may be related to the increase
of prohemocytes amount, which had its production
increased to undergo differentiation in one or
more types of hemocytes to act in the defense.
Variation in the hemocytes amount of caused
by entomopathogenic fungi was also observed
by Balavenkatasubbaiah and Nataraju (2005),
suggesting that this fact is due to the progress of
infection. The prohemocytes are considered stem
cells, therefore, they do not participate directly in the

defense processes (Andrade et al. 2004); however,
the behavior here reported shows that along the
infection in higher concentration there is an increase
in this type of cell. Such situation suggests direct or
indirect participation in differentiating into other
types of hemocytes in the defense mechanism since
the same cell type can exhibit different functions
and the same function can be developed by different
types of cells (Ribeiro and Brehélin 2006).

The hemocytes variation arises from two factors:
(a) specific hemocytes production to fight invading
organisms; (b) hemocytes immobilization in nodules
and capsules around the invading cells and tissues.
While the first factor tends to increase the hemocytes
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amount as the granulocytes responsible by the action
against invaders, the second factor tends to reduce
the number of hemocytes as plasmocytes involved to
the encapsulation process (Alves and Pereira 1998).
This information confirms the results obtained from
this study for the plasmocytes and granulocytes,
considering that the plasmocytes were reduced in
the higher concentrations, from 24 h, while the
granulocytes were increased at 36 h and 60 h. Negreiro
et al. (2004) stated that the role of granulocytes and
plasmocytes is related mainly to the phagocytosis and
the nodule and capsule formation. In this case, it can
be related to the behavior observed in this study when
the fungus structures reach the insect’s hemocele.

The spherulocytes variation can be related to
the mechanic damages caused by the hyphae growth
and toxin production (Inglis et al. 2001) because
these cells are involved in the cuticular compounds
transport, according to Sass et al. (1994). The
adipohemocytes reduction may have occurred
because they do not have a specific function
in the cellular defense and by consequence are
more vulnerable to pathogens (Lavine and Strand
2002). Now, the oenocytoids have phenoloxidase
precursors, which probably play a role in the
melanization (Jiang et al. 1997).

NITRIC OXIDE LEVELS AND PHENOLOXIDASE ACTIVITY ON

HEMOLYMPH

The average production of nitric oxide on D.
flavipennella moth borers
between the control and the 107 conidia mL'!
treatment (F=5.29, P=0.0115) evaluated at 24 h after
application of M. anisopliae spray. However, there

showed differences

was no difference between these two treatments at 60
h of spraying (P>0.05) (Figure 4). The nitric oxide
levels suggest that this kind of reaction usually
occurs just after the foreign body perception,
confirming other studies that show the increase of
nitric oxide production in insect hemolymph as a
response to the foreign bodies (Faraldo et al. 2005,
Molina-Cruz et al. 2007).
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Figure 4 - Nitric oxide concentrations (UM of NO,/uL
hemolymph) in Diatraea flavipennella moth borers submitted
and no-submitted to Metarhizium anisopliae under different
concentrations, evaluated at two different times. Bars
followed by different letters differ significantly by the Tukey
test (P<0.05).

No difference was observed in phenoloxidase
activity in the hemolymph of D. flavipennella larvae
untreated and treated with yeast suspensions at the
concentrations tested at intervals of 24 h and 36 h
(F=1.47, P=0.2477). Already within 60 hours, in the
treatment 107 conidia/ mL, the phenoloxidase remained
at constant levels in relation to previous period, while
in the treatment 10° conidia / mL and the control had
lower activity (F=3.02, P=0.0126) (Figure 5). The
control and 10° conidia mL™! treatments behavior for
the phenoloxidase may be related to the caterpillar
ecdysis, in which there are melanization and
consequent prophenoloxidase activation. The longer
the fungus contact, as well as infection higher level,
smaller is the enzyme activity when compared to the
first time interval. The 107 conidia mL™' treatment
has immediate response to infection, remaining this
way throughout at 60 h. This occurs because the
phenoloxidase catalyzes the phenolic compounds
oxidation present in the insect hemolymph and cuticle
having as a result the melanin, which participates in
physiological processes like cuticle sclerotization,
wound healing, and immunologic defenses (Lee et al.
1999, Silva et al. 2000).
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Figure 5 - Phenoloxidase activity, Optical Density (OD) average at 490nm in the Diatraea flavipennella moth borers hemolymph

treated with Metarhizium anisopliae, through the time. (A) Evaluated at 24 h after spraying. (B) Evaluated at 60 h after spraying

(n =10 moth borers).

Although researches relate pathogenic tolerance to
melanization’s reactions with consequent involvement
of 22 prophenoloxidases cascade (Wilson et al. 2001),
very little is known about the phenoloxidase activity
in fungi-contaminated insects. Results also showed
that numerically there was an oenocytoids reduction
in the 60 h interval at 107 conidia mL™' concentration,
thus confirming the participation of these cells in
phenoloxidase production in this species.

HISTOCHEMICAL

Only plasmocytes, granulocytes, prohemocytes,
and spherulocytes insect control were reactive to
PAS (Figure 6), while the adipohemocytes and
oenocytoids did not react to the colorant in any
treatment. For the Sudan Black reaction, it was
verified that the plasmocytes and adipohemocytes
in the control treatment and granulocytes in all
treatments were reactive (Figure 7). The prohemocyte
was reactive in the control and it showed a mild
reaction in the presence of fungus; the spherulocytes
and oenocytoids were not reactive. Regarding
the Mallory trichomes, the plasmocytes were not
reactive to the control, but they were reactive in the
presence of fungus. The granulocytes were reactive
in all treatments. The prohemocytes showed mild
reaction to the control, being reactive in the presence

of fungus. Adipohemocytes showed mild reaction
in all treatments, while the spherulocytes and
oenocytoids did not react (Figure 8).

The histochemical analysis showed that the
fungus seem to affect in different ways, the content
of carbohydrates, lipids, and mucin in hemocytes,
except for oenocytoids. As carbohydrates are highly
energetic compounds used in many physiologic
processes like in the defense of, tissue repairing,
cellular proliferation, being mobilized according
to the cell metabolic needs - it is natural that this
reducing compound happened in the plasmocytes,
granulocytes, prohemocytes, and spherulocytes. The
presence of fungus appears to stimulate the release
of carbohydrate reserves of these cells, in response to
the repair or defense process; also Cunha et al. (2012)
observed moth borers growing in Bt cotton in Podisus
nigrispinus (Dallas) (Heteroptera: Pentatomidae)
and digestive cells fed with Spodoptera frugiperda
(J.E. Smith) (Lepidoptera: Noctuidae).

The plasmocytes, adipohemocytes, and prohe-
mocytes suffered reduction in the lipids content,
indicating that this cells metabolic rate in presence
of fungus did not allow the accumulation of
this. However, the fungus seem to stimulate the
mucines of production in the plasmocytes and
prohemocytes. According to Nieuw Amerogen and
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Figure 6 - Plasmocytes (A: control; B: 10° conidia mL™ treatment at 24 h); Granulocytes (C:
control; D: 10° conidia mL™" treatment at 24 h); Prohemocytes (E: control; F: 10° conidia mL™
treatment at 24 h) and Spherulocytes (G: control; H: 10° conidia mL™ treatment at 24 h) of
Diatraea flavipennella third instar larvae sprayed with Metarhizium anisopliae and colored with
Periodic Acid of Schiff (P.A.S.). Bars = 25 pm.

Veerman (2002), the mucines are glycoproteins with
microbiological function that act in the invading
aggregation and encapsulation in vertebrates; it seems
that the insects have the same function justifying
their higher production in the presence fungus,
regardless the concentration or evaluation time. The
negative reaction observed in oenocytoids may occur
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because these cells store large amounts of proteins
(prophenoloxidase) and little carbohydrates and
lipids, contributing more effectively to the humoral
response (Lavine and Strand 2002).

In conclusion, the use of M. anisopliae in low
concentrations can be an alternative for the control
of D. flavipennella interfering in its life cycle,
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Figure 7 - Plasmocytes (A: control; B: 10° conidia mL" treatment at 24 h), Granulocytes (C:
control; D: 10° conidia mL™ treatment at 24 h), Prohemocytes (E: control; F: 10° conidia mL™"
treatment at 24 h) and Adipohemocytes (G: control) of Diatraea flavipennella third instar
larvae sprayed with Metarhizium anisopliae and colored with Sudan Black. Bars =25 um.

cellular and humoral immunity, and the biochemical
content of the hemocytes is a preponderant factor in
overcoming the insect’s defenses.

RESUMO

Este trabalho teve como objetivo avaliar os efeitos de
Metarhizium anisopliae, sobre Diatraea flavipennella e

investigar sua resposta imune. Foi observado o efeito de

M. anisopliae sobre lagartas de D. flavipennella, pulve-
rizado nas concentragdes de 10°, 10*, 10° conidios/mL,
no qual apresentou diferengas com relagdo ao periodo
larval, prolongando até 72,0 dias nos tratamentos e
25,0 dias na testemunha. Os resultados referentes aos
hemocitos revelaram que as células mais frequentes
quando pulverizado nas concentragdes de 10°, 10°, 107

conidios/mL foram prohemocitos, esferulocitos, plas-
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Figure 8 - Plasmocytes (A: control; B: 10 conidia mL™ treatment at 24 h), Granulocytes (C: control; D: 10° conidia
mL™" treatment at 24 h) and Prohemocytes (E: control; F: 10° conidia mL™ treatment at 24 h) of Diatraea flavipennella
third instar larvae sprayed with Metarhizium anisopliae and colored with Mallory Trichrome. Bars = 25 um.

mocitos e granuldcitos, em relagdo aos adipohemocitos
e oenocitdides. O nivel de oxido nitrico apresentou
diferenca entre a testemunha e a concentragio 10’
conidios/mL (24h), enquanto a atividade de fenoloxidase
foi semelhante entre os tratamentos em 24h e superior na
concentracio 107 conidios/mL (60h). No perfil bioquimico
dos hemocitos, houve uma alteracdo em carboidratos,
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lipidios e proteinas em reagdo ao fungo. Os resultados
indicam que o fungo M. anisopliae pode ser utilizado
no Manejo Integrado de D. flavipennella, por apresentar
patogenicidade e interferir no seu desenvolvimento
mesmo quando expostas a pequenas concentragoes.

Palavras-Chave: entomopatdgeno, hemocitos, histoqui-
mica, 6xido nitrico, fenoloxidase, Broca da cana-de-agucar.
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