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Proteolytic action of the crude extract of Duddingtonia flagrans
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Abstract

The objective of this study was to examine the action of the crude extract of Duddingtonia flagrans (isolates AC001
and CG722) on infective larvae (L,) of cyathostomins in coprocultures and to confirm its proteolytic activity by means
of a zymogram. The following groups were formed in coprocultures: Group 1: 10 mL of crude extract of D. flagrans
(AC001); group 2: 10 mL of crude extract of AC001 with 10 mM of Ca*; group 3: 10 mL of crude extract of D. flagrans
(CG722); group 4: 10 mL of crude extract of CG722 with 10 mM of Ca*; and group 5: control group (distilled water).
The third-stage larvae (L,) were obtained after eight days. The crude extract of D. flagrans was effective in reducing
the number of L,, with the following percentage reductions: group 1, 49.5%; group 2, 52.5%; group 3, 36.8%; and
group 4, 57.7%; in relation to the control group (p > 0.05). The proteolytic activity of the crude extract was confirmed
through the zymogram. The results from this study confirmed that the crude extract of the fungus D. flagrans could be
used for controlling cyathostomin L,, and suggested that at least one protease of approximately 38 kDa was present.
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Resumo

O objetivo deste trabalho foi estudar a acio do extrato bruto de Duddingtonia flagrans (isolados AC001 ¢ CG722)
sobre larvas infectantes (L,) de ciatostomineos em coproculturas e confirmar a sua atividade proteolitica por meio de
um zimograma. Foram formados os seguintes grupos em coproculturas: grupo 1: 10 mL de extrato bruto de D. flagrans
(AC001); grupo 2: 10 mL de extrato bruto de AC001 com fons Ca** 10 Mm; grupo 3: 10 mL de extrato bruto de
D. flagrans (CG722); grupo 4: 10 mL de extrato bruto de CG722 com fons Ca** 10 Mm; e grupo 5 como controle
(dgua destilada), obtendo-se as L, ao final de 8 dias. O extrato bruto de D. flagrans foi eficiente na redugio do ndmero
de L, com os seguintes percentuais de redugio: grupo 1 (49,5%); grupo 2 (52,5%); grupo 3 (36,8%) e grupo 4 (57,7%)
em relagdo ao grupo controle (p > 0,05). Confirmou-se a atividade proteolitica por meio do zimograma. Os resultados
do presente trabalho confirmam a utilizagao do extrato bruto do fungo D. flagrans no controle de L, de ciatostomineos
e sugere a presenca de pelo menos uma protease de aproximadamente 38 kDa.

Palavras-chave: Fungos nematdfagos, Duddingtonia flagrans, zimograma, nematdides, cavalos.

Horses are hosts for a wide variety of helminths, and among
these, the most important are the cyathostomins, also known as
“small strongyles”. In the literature, cyathostomins have been
described as the most numerous group in horses, particularly
focusing on: (1) their diversity of species; (2) the number of
specimens per host; and (3) infective larvae that are present in
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pastures throughout the year (LOVE et al., 1992; EYSKER et al.,
1989; COUTO et al., 2008; QUINELATO et al., 2008). With
regard to direct damage caused to the hosts, cyathostomins can
cause episodes of colic and diarrhea in adult animals (BIRD;
HERD, 1995; MURPHY; LOVE, 1997; BRAGA et al., 2009,
2010). They are controlled through using of anthelmintics but,
except for some situations, such treatments have not been totally
effective (KAPLAN, 2002).

‘The majority of these parasites develop their first larval stages
(L, to L) inside a fecal mass, feeding on microorganisms and
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organic matter. However, for nematode parasites of animals to
progress to the L, phase of their development, they need to find a
host (MONTEIRO, 2011). In this context, use of nematophagous
fungi that destroy L, in the environment has been exhaustively
studied with promising results, both under natural and under
laboratory conditions. Most of these studies mention interactions
of fungi versus nematodes in solid media cultures and use of
conidia, chlamydospores and mycelial masses (LARSEN et al.,
1995; BRAGA et al.,, 2009; TAVELA et al., 2011). Use of crude
extracts originating from these microorganisms against infective
stages of gastrointestinal nematode parasites has recently been
addressed (BRAGA et al., 2011b, c). However, there is an increasing
need to elucidate the real possibility of using these extracts under
partially natural conditions, such as coprocultures. Moreover, the
species Duddingtonia flagrans produces extracellular enzymes that
are observed in its crude extract, which cause hydrolysis of the
cuticle of nematodes, thus allowing this fungus to also act inside
the nematode and leading to its destruction (BRAGA et al., 2011¢).

The objectives of this study were to examine the action of a
crude extract from D. flagrans (isolates AC001 and CG722) on
cyathostomins in coprocultures and to confirm its proteolytic
activity by means of a zymogram.

Fresh feces collected directly from the rectum of horses
naturally infected with cyathostomins were used. These animals
were kept at the Department of Veterinary Medicine, Federal
University of Vigosa.

Two isolates of the nematophagous fungus Duddingtonia
Sflagrans (AC001 and CG722) were used to produce the crude
extract. These isolates originated from Brazilian soil and had been
maintained through continuous transfer to solid culture media
in the Parasitology Laboratory of the Veterinary Department of
the Federal University of Vigosa. To produce the crude extract,
mycelia of this fungus were obtained by firstly transferring culture
discs (about 5 mm in diameter) to previously autoclaved flasks
containing 50 mL of liquid medium. Next, the flasks containing
the fungal inoculum were placed in a shaker and the fungus was
allowed to grow under agitation of 120 X g for six days. Following
this, the supernatant was collected and filtered using Whatman
No. 1 filter paper at 4 °C. The methodology for producing and
obtaining the crude extract was based on the study by Braga et al.
20110).

To perform the experimental assay, coprocultures were first
produced in accordance with the technique described by Gordon
and Whitlock (1939), in which 20 g of positive feces were mixed
with fragmented and moistened industrial vermiculite that had
been autoclaved. Different groups of coprocultures were then
formed: group 1: 10 mL of crude extract of D. flagrans (AC001);
group 2: 10 mL of crude extract of AC001 with 10 mM of Ca*;
group 3: 10 mL of crude extract of D. flagrans (CG722); group
4: 10 mL of crude extract of CG722 with 10 mM of Ca*; and
group 5, control (distilled water). The extracts were added to
the coprocultures and this material was then placed in a heated
chamber at 26 °C for 8 days. Six replicates were performed for
each group. At the end of this period, third-stage larvae (L,) were
obtained using the Baermann method. These were identified and
quantified using the criteria described by Bevilaqua et al. (1993),
under an optical microscope with a 10x objective. The data thus
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obtained were interpreted by means of analysis of variance and the
efficiency of destruction of L, in relation to the control group was
assessed using the Tukey test at a 5% probability level (AYRES et al.,
2003). Subsequently, the average percentage reduction of larvae
was calculated according to the following equation:

X of larvae X of larvae

0% Reduction = |from control " from treatment | ,, 100 (1)

l X of larvae from control

Next, in order to confirm that proteolytic activity was
occurring in the crude extract of the fungus D. flagrans (AC001
and CG722), a zymogram was produced using casein as the
substrate (Casein-SDS-PAGE), as described by Hummel et al.
(1996) with some modifications. The samples were subjected
to electrophoresis on a 10% polyacrylamide gel containing 1%
casein. The samples were mixed with carrier buffer (without
B-mercaptoethanol) and applied without prior heating. After
electrophoresis, the gel was incubated in a solution of 2.5% Triton
X-100 for one hour, followed by three washes with water. The
gel was then incubated in 50 mM of Tris-HCI reaction buffer
(pH 8.0) for one hour at 60 °C. For further development, the
gel was stained with Coomassie Brilliant Blue R-250 and was
bleached soon afterwards. The presence of enzyme action can be
seen through formation of white halos.

At the end of the eight-day period, analysis on the coprocultures
showed that in the experimental assay, the crude extract of D. flagrans
(AC001 and CG722) had been effective in reducing the number of
L, cyathostomins, as seen using the Baermann technique (Figure 1).
The following percentage reductions were observed for each of
the groups: group 1, 49.5%; group 2, 52.5%; group 3, 36.8%;
and group 4, 57.7%. However, no differences (p > 0.05) in L,
recovery were observed in the treated groups. This was not observed
in the control group (p < 0.05). The zymogram confirmed that
proteolytic activity was occurring in the crude extract produced
from D. flagrans (AC001 and CG722), through the observation
that the enzymatic action produced a halo of casein digestion up
to a height of approximately 38 kDa.

The fecal environment is where most of the evolutive cycle
of nematodes is developed: from eggs to the infective stage, in
this case L, (MONTEIRO, 2011). In this context, some studies
have shown that use of nematophagous fungi may be a promising
alternative for reducing the quantity of infective forms present in
the environment, given that conidia, chlamydospores and even
mycelial masses have been used successfully (CHARLES et al.,
1995; CASTRO et al., 2003; CAMPOS et al., 2008; BRAGA et al.,
2011¢; SILVA et al., 2010). On the other hand, crude extract has
recently also been used as an approach towards combating the eggs
and/or larvae of gastrointestinal nematode parasites (BRAGA etal.,
2011a, ¢). In the present study, coprocultures were used with the
purpose of mimicking the fecal environment and, in this case, the
results were very promising given that there was a reduction in
the number of L, recovered in relation to the control.

Regarding the action of ions that interfere directly in the
proteolytic activity of nematophagous fungi, a recent study by
Braga et al. (2011b) showed that the ions Cu*, Zn** and Mg*
inhibited their activity, while Ca® had a positive effect on the
proteolytic activity of the extract of the fungus D. flagrans (AC001).
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Figure 1. Mean and standard deviations of L, cyathostomins recovered after eight days of coproculture with a crude extract from the fungus
Duddingtonia flagrans (AC001 or CG722), with or without added Ca*, in relation to a control group. There was a significant difference
(p < 0.05) between the group treated with fungus and the control (asterisk), as seen using the Tukey test.

These results are in agreement with the present study, since it was
observed that the crude extract (AC001 or CG722) with added
Ca’* showed a higher percentage reduction in the number of L,
recovered, in relation to when it was used without addition of
Ca*. Furthermore, it could also be seen that the result described
above for the isolate AC001 in this study was in accordance with
the result demonstrated for the isolate CG722.

D. flagrans is considered to be the most promising species
for use in biological control for combating gastrointestinal
nematode parasites of domestic animals, both under laboratory
conditions and in the field, and in particular in relation to
horses (CAMPOS et al., 2008; BRAGA et al., 2009). However,
there is a deficiency of studies aimed towards making certain
comparisons between the different isolates of D. flagrans, in
relation to: (1) their predatory activity; (2) lack of information
about the proteolytic action of the crude extract of the isolate
CG722 (the present study has provided the first report on
this); and (3) confirmation that the two isolates have identical
proteolytic profiles.

Bird and Herd (1995) and Kaplan (2002) reported that
no drugs were effective against encysted larval stages of
cyathostomins, and that this was a major obstacle to combating
this nematodiasis. This information is important and provides
justification for the present study, since the results suggest that
pre-parasitic forms of cyathostomins need to be controlled.
Such methods may lead to alternative control techniques
that could be used to reduce the number of L, in the fecal
environment and, thus, in pastures. This form of control may,
in the future, come to be a further tool for reducing recurrences
of cyathostomin infections.

The results from the present study confirmed that the crude
extract of the fungus D. flagrans (AC001 or CG722) could be
used for controlling cyathostomin L. The proteolytic profile
suggested that at least a protease of approximately 38 kDa was
present, which could be used for biological control over the L,
of this nematode.
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