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The protein profiles and proteolytic activity of the excretory secretory products (E/SP)
of the first (L1), second (L2) and third (L3) larval stages of Cochliomyia hominivorax were
studied in the laboratory. Analysis on the E/SP protein profile was carried out using polya-
crylamide gel containing sodium dodecyl sulfate (SDS-PAGE). The E/SP of each larval stage
(L1, L2 and L3) treated with protease inhibitors, containing 30pg, 40ug and 50pg of protein,
was applied to the 10% polyacrylamide gel. The proteolytic activity of the crude E/SP was
analyzed in gels copolymerized with gelatin and by colorimetric assays using azocasein as
a substrate, with the characterization of the proteases using synthetic inhibitors. Different
protein profiles were observed for the larval instars, with L1 presenting the most complex
profile. Nevertheless, various protein bands were observed that were common to all the
larval instars. The E/SP of all the instars showed proteolytic activity on gelatin, evidenced
by proteolysis zones, predominantly with apparently higher molecular masses in L1, while
for L2 and L3 the proteolysis zones could also be observed in regions with lower masses.
Tests with protease inhibitors using gelatin as substrate showed that the E/SP of larvae
were mainly composed of serine proteases. Additionally, inhibition was observed in L2 E/SP
treated previously with EDTA, an inhibitor of metalloproteases. The assays with azocasein
revealed a gradual increase of proteolytic activity on this substrate with larval development
progress, with the strongest inhibitions being observed after treatments with 3,4-dichlo-
roisocoumarin (DCI) for E/SP of L1, L2 and L3. These results suggest that C. hominivorax
larvae produce different proteases, a fact that can be related to the parasite’s vital processes
for survival, such as penetration into the host’s tissues and nutrition during the larval stage.

INDEX TERMS: Proteolytic activity, Cochliomyia hominivorax, Diptera, Calliphoridae, myiasis, screw-
worm fly, proteases.
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RESUMO.- [Atividade proteolitica de produtos de ex-
crecao/secrecao de Cochliomyia hominivorax (Diptera:
Calliphoridae).] Os perfis protéicos e a atividade proteoli-
tica dos produtos de excrecao/secrecdo (PE/S) das larvas
de primeiro (L1), segundo (L2) e terceiro (L3) estagios de
Cochliomyia hominivorax foram estudados em laboratdrio.
Os perfis protéicos foram obtidos por eletroforese em géis
de poliacrilamida (SDS-PAGE). Os PE/S de cada fase larval
(L1, L2 e L3), tratados com inibidores de proteases, conten-
do 30pg, 40pg e 50ug de proteina, foram aplicados em géis
de poliacrilamida a 10%. A atividade proteolitica dos PE/S
na sua forma nativa, foi analisada em géis co-polimerizados
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com gelatina e por testes colorimétricos usando a azoca-
sefna como substrato, com a caracterizagdo das proteases
feita por meio de inibidores sintéticos. Diferentes perfis
protéicos foram observados para os instares larvais, com
L1 apresentando o perfil mais complexo. Apesar disso, fo-
ram observadas varias bandas protéicas comuns a todos os
estagios larvais. Os PE/S de todos os instares mostraram
atividade proteolitica sobre a gelatina, evidenciada por zo-
nas de proteélise, com predominancia de massas molecu-
lares aparentes mais altas em L1, enquanto que para L2 e
L3 as zonas de protedlise puderam ser observadas também
em regides de menores massas. Os testes com inibidores
de proteases usando a gelatina como substrato mostraram
que os PE/S de L1, L2 e L3 eram compostos principalmen-
te de serina-proteases. Adicionalmente, inibicdo foi obser-
vada nos PE/S de L2 tratada previamente com EDTA, um
inibidor de metalo-proteases. Os ensaios com a zocaseina
revelaram um aumento gradual da atividade proteolitica
sobre este substrato com o progresso do desenvolvimento
larval, com a mais forte inibicdo sendo observada apds o
tratamento com 3,4 dicloroisocumarina (DCI) para os PE/S
de L1, L2 e L3. Estes resultados sugerem que as larvas de C.
hominivorax produzem diferentes proteases, fato que pode
estar relacionado a processos vitais para a sobrevivéncia
do parasita, tais como a penetragio nos tecidos dos hospe-
deiros e nutricdo durante os estagios larvais.

TERMOS DE INDEXACAO: Atividade proteolitica, Cochliomyia
hominivorax, Diptera, Calliphoridae, miiases, mosca-da-bicheira,
proteases.

INTRODUCTION

The New World screwworm fly, Cochliomyia hominivorax,
is one of the most important myiasis agents in tropical
and subtropical regions of the Americas. It produces seve-
re cutaneous lesions in mammals, including domestic and
wild animals and human beings (Guimaries & Papavero
1999). This fly was originally distributed throughout the
southwestern USA and the Americas and has been eradica-
ted from the USA, Mexico and part of Central America using
the sterile insect technique (Galvin & Wyss 1996, Robinson
et al. 2009). In Brazil, this species is widespread and can
be found in all states of the country. Its parasitism among
production animals gives rise to significant losses due to
weight loss, lower meat and milk production and mortality
(Grisi et al. 2014). In endemic regions of Brazil, the grea-
test concentration of cases of myiasis due to C. hominivorax
larvae occurs when calves are born and castrated (Lima et
al. 2004). The screwworm fly lays its eggs in recent skin
wounds or on the animals’ mucosa, with a production of up
to 2,800 eggs per fly (Guimaraes & Papavero 1999). The in-
cubation period of the eggs varies from 11 to 21 hours, and
the whole larval cycle (L1, L2 and L3) is completed in 4 to 8
days. During this period, the larvae remain in direct contact
with the host tissues from which they feed. As larval de-
velopment advances, there is a significant increase in size,
such that the larvae can reach 17mm long (Davis & Cami-
no 1968). Third-stage larvae release themselves from the
host and fall to the ground for pupation, which lasts about
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seven days during the summer and up to 2 months during
the winter. Adult females copulate once only and begin to
lay eggs 5 to 10 days after emerging from the puparium
(Guimardes & Papavero 1999). Parasite control among
domestic animals raised in tropical regions has been sys-
tematically performed through intensive use of pesticides
and drugs, which has led to the development of resistance
among several bovine parasites (Uilenberg 1996). Thus,
immunization methods and alternative treatments are nee-
ded to control parasitic diseases over the medium and long
term. The fact that currently there are not many chemical
tools available for controlling these various parasites indi-
cates that there is a need to know more about many aspects
of the parasite-host relationship, which could then provide
support for the development of new drugs and vaccines
(Coombs & Mottram 1997, Todorova 2000). For example,
cattle infested by Dermatobia hominis larvae showed a tis-
sue response characterized by an inflammatory infiltrate
composed predominantly of eosinophils, basophils and
mast cells around the necrosis area adjacent to the larva
(Oliveira-Sequeira et al. 1996, Lello et al. 1999). Brant et
al. (2010) analyzed the excretory/secretory products (E/
SP) of L1, L2 and L3 D. hominis larvae and found that the
L1 produced mainly metalloproteases while, for L2 and L3
stages, serine-proteases predominated. These authors con-
cluded that the different proteases produced by each larval
stage could be correlated with specific functions during the
penetration of the larva in the host’s skin and the larval de-
velopment.

Studies carried out with Lucilia cuprina have shown
that the E/SP contain proteases that seem to be involved
in both larval nutrition and the pathogenesis of the lesion
caused by them (Bowles et al. 1989, Sandeman et al. 1990,
Casu et al. 1996). Young et al. (1996) characterized the E/
SP involved in the initial phase of parasitism by L. cupri-
na and observed that the number of molecules produced
varied dramatically over short intervals, but with the pre-
dominance of serine-proteases-type enzymes. Muharsini et
al. (2000, 2001) observed that serine-proteases were the
main kind of protein produced by Chrysomya bezziana lar-
vae and obtained evidence that some enzymes present in
the E/SP of these larvae had the potential to stimulate a
protective immune response from the host.

For Hypoderma lineatum, some proteases that have
already been characterized are involved in evasion of the
host’s immune response (Leid et al. 1987, Pruett 1993).
On the other hand, since this enzyme induces an immune
response in the host, it has been postulated that it can be
used as an immunogen (Baron &Colwell 1991, Tellam et al.
1994).

Regarding C. hominivorax, there are no descriptions of
the constitution of its E/SP at different larval stages. Most
of the studies in the literature deal with parasitism control,
albeit always through the use of antiparasitic treatment
(Muniz et al. 1995, Moya-Borja et al. 1997,Benitez Usher
etal. 1997, Anziani et al. 2000, Lima et al. 2004). Thus, this
experiment was designed to start investigations to enable
the characterization of the enzymes produced by the three
larval stages of C. hominivorax. These studies will open new
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perspectives in the development of new drug targets and
immunogens against this parasite.

MATERIALS AND METHODS

Preparation of larvae. Larvae of Cochliomyia hominivorax
used for experimentation were obtained from a colony maintained
under laboratory conditions as describe by Oliveira et al. (2009).
Third-stage (L3) larvae were collected from naturally infested
cattle at the experimental herd of Embrapa Livestock Southeast,
located in Sdo Carlos, SP (latitude: 22° 0’ 55” S, longitude: 47° 53’
28” W). The larvae were placed in Petri dishes containing a culture
medium composed of fat-free minced bovine meat and blood col-
lected with a sodium citrate anticoagulant, which were both free
from drug residues, following the methodology described by Smi-
th (1960) with some adaptations. Briefly, the dishes were placed in
plastic trays containing earth that had been sieved and sterilized
in an autoclave. These trays were then placed in an incubator at
37°C with humidity of 90% until pupation occurred (Fig.1). The
pupae obtained were separated from the earth using a sieve, then
carefully cleaned and placed in containers in cages in a BOD incu-
bator at a controlled temperature of 27°C and relative humidity of
80-90%), until the flies emerged. Mated females were forced to lay
eggs by placing them in glass containers covered with gauze and
with small amounts of the culture medium. These containers were
then placed in an incubator at 37 °C and, after the eggs had been
laid, they were gathered and carefully placed in the same culture
medium described for the L3 larvae (Fig.2). After incubation, the
L1, L2 and L3 larvae were separated for E/SP preparation.

B N AR RN R

Fig.1. Cochliomyia hominivorax pupae (blue arrows) and third
stage larvae (blue arrowheads) kept in land autoclaved. Pho-
to: Rodrigo Giglioti.

Fig.2. Cochliomyia hominivorax eggs in meat culture medium. Pho-
to: Rodrigo Giglioti.

Obtaining E/SP from Cochliomyia hominivorax. The tech-
nique described by Brant et al. (2010) was used to obtain the E/
SP, with some adaptations. Briefly, groups of 50 (L1 and L2) and
30 (L3) larvae were washed three times in 10% hypochlorite and
sterile saline solution and then placed in 3 ml of Gibco® Roswell
Park Memorial Institute (RPMI) 1640 medium containing gluta-
mine (1% v/v) and vancomycin (1pg/ml). These cultures were
maintained at 37°C for 12 hours and after incubation, the larvae
were removed and the medium containing their E/SP (L1, L2 and
L3) were collected and centrifuged at 2,000 x g for 20 minutes
at 4°C. One part of the supernatant recovered was preserved in
its native form while an aliquot was treated with the following
proteases inhibitors at a final concentration of 1mM: phenylme-
thylsulfonyl fluoride (PMSF), tosyl-L-phenylalanyl chloromethyl
ketone (TPCK) and tosyl-L-lysine chloromethyl ketone (TLCK).
The protein concentrations at each larval stage were estimated
by bicinchoninic acid method (BCA; Pierce protein assay reagent
kit), using bovine serum albumin as the standard. All aliquots
were stored in duly identified microtubes and stored at -80°C.

Polyacrylamide gel electrophoresis. Analysis on the ES/P
protein profile was carried out using polyacrylamide gel con-
taining sodium dodecyl sulfate (SDS-PAGE), as described by
Laemmli (1970). The E/SP of each larval stage (L1, L2 and L3)
treated with protease inhibitors, containing 30ug, 40ug and 50ug
of protein, was applied to the 10% polyacrylamide gel, after solu-
bilizing in 1:2(v/v) denaturing sample buffer and heating at 95°C
for 3 minutes. Electrophoresis was performed in Hoefer mini VE
system (Amersham Pharmacia Biotech Inc.) using a running bu-
ffer composed of 25mM of Tris-HCl, 192mM of glycine and0.1%
SDS (pH 8.6), at a constant current of 30 mA. Molecular mass ma-
rkers (Amersham Biosciences Corp.) were used in each assay. The
gels were stained with silver nitrate (Wray et al. 1981), and the
protein bands were analyzed using the Quality One software (Bio-
-Rad Laboratories Inc. equipment).

Substrate gel electrophoresis and protease inhibition as-
says. Protease activities in E/SP of C. hominivorax were examined
after electrophoresis in 5-12.5% SDS-PAGE gels containing 0.2%
gelatin (Sigma) as a substrate, according to the methodology des-
cribed by Williams and Coombs (1995), with modifications. Cru-
de ESP were mixed 1:2 (v/v) in sample buffer and applied to the
gelatin copolymerized gels without boiling. After the run at 70 V
and 4 °C, the gels were renatured through incubation in Triton
X-100 (2.5%) at 37 °C, for 30 min at room temperature, under
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constant agitation. To observe the proteolytic activity, the gels
were incubated in a Tris-HCI buffer (pH 8.15) containing 1mM of
CaCl? and 1 mM of dithiothreitol (DTT; Sigma), for 15 h at 37°C. To
visualize the proteolysis zones, the gels were stained with 0.1%
amide black in methanol:acetic acid:water (30:10:60) for 1 hour
and destained with the same solvent. Proteolysis was detected as
clear zones against a blue background. Molecular weight (Amer-
sham Biosciences Corp.) markers were used in each assay. The
following synthetic inhibitors (Sigma®) were tested for their
ability to inhibit the proteolytic activity of the E/SP: phenylme-
thylsulfonyl fluoride (PMSF, 20 mM); tosyl-L-phenylalanyl chloro-
methyl ketone (TPCK, 1 mM); tosyl-L-lysine chloromethyl ketone
(TLCK, 1mM); ethylenediaminetetraacetic acid (EDTA, 10mM);
L-3-trans-epoxysuccinyl-L-leucylamido-(4-guanidino)-butane
(E-64, 100uM); elastatinal (100uM) and 3,4-dichloroisocoumarin
(DCI, 1mM). E/SP samples containing 2ug of protein were incu-
bated individually with each inhibitor for 1 hour at 37°C. After
incubation, each treated E/SP was mixed with 1:2 sample buffer
(v/v), and not boiled before loading the gel. The gels were sub-
mitted to the same procedures described for detecting proteolytic
activity.

L1 L2 L3
30/40/50ug 30/40/50ug 30/40/50ug
116 kDa— T Y e e T—
~97 kDa
76 kDa —
66 kDa
53kDa- L
H (=23 'ecﬁ —45kDa
- — = 3 < 2 —30kDa
EEE . -
L y
—20.1 kDa
- ' i ~14.4 kDa
" Rl

8
Fig.3. SDS-PAGE profile of Cochliomyia hominivorax E/SP of L1, L2

and L3 (30, 40 and 50pg) under reducing conditions. To the
right and left are the molecular markers (kDa).

Table 1. Identification of the apparent molecular masses

(kDa) of the proteins produced by the three larval stages

(L1, L2 and L3) of Cochliomyia hominivorax (*Bands that
were repeated in at least two larval stages)

Larval stages

L1 L2 L3
54 - -
48* 48* -
45 - -
43 - -
40 - -
37 - -
35* 35*% -
32%* 32* 32%
30* 30* -
28 - -
27* 27* -
25% 25% 25*
24* 24* -
22% 22% -
16 - -
- - 19
14* 14* 14*
13 - -
12* 12* 12*
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Colorimetric proteases assay. Proteolytic activity of the E/SP
was assayed using the chromogenic protein substrate azocasein,
according to the protocol described by Sarath et al. (1989), with
modifications. Each E/SP (12ul) were mixed with 20ul of 3% azo-
casein solution (w/v) in 0.1 M Tris-HCI buffer containing 1 mM of
CaCl,; pH 8.5 and incubated at 37°C for 2, 4, 8, 12 and 24 hours. After
each interval, the samples were treated with 80pl of 10% trichloro-
acetic acid (TCA) and centrifuged at 9,000 x g for five minutes at
4°C. The supernatant containing hydrolyzed azo peptides in 100ul
of 1M NaOH, and 100ul of this mixture was transferred to 96-well
microplate. The absorbance readings for each sample were carried
out using a microplate reader at 450 nm (Bio-Rad Laboratories Inc.
equipment). Each sample was assayed in triplicate, and enzyme
and substrate blanks were included in all assays. To determined
the inhibition of azocaseinolytic activity, the E/SP were incubated
with the same synthetic protease inhibitors described above. E/SP
samples (12ul) were incubated with each inhibitors for 10 minutes
at room temperature. The substrate was added, and the samples
were incubated at 37°C for 16 hours. The assay was conducted as
described above and the effect of each inhibitor was determined
by measuring the residual activity (with inhibitor) expressed as a
percentage of the control value (without inhibitor).

RESULTS

The SDS-PAGE analysis showed differences in the pro-
tein profiles of each Cochliomyia hominivorax larval stage
(Fig.3). The E/SP from L1 showed a protein profile that was
more complex than those obtained for L2 and L3 stages.
The apparent molecular masses observed for each larval
stage are presented in Table 1. Larvae from stages L1, L2
and L3 presented several bands in common. Eight protein
bands (54, 45, 43, 40, 37, 28, 16, 13 kDa) were exclusive
to L1 stage, and only one band (19 kDa) to L3 stage. Four
protein bands (32, 25, 14 and 12 kDa) were common across
the three larval stages.

Substrate gel analysis. Regarding to the proteolytic
activity against gelatin, E/SP from all larvae instars pro-
moted degradation of the substrate, despite showing di-
fferent hydrolysis profiles. L1 (line 1 of Fig. 4) presented
pronounced hydrolysis in the region from>220 to 170 kDa
and another area with more diffused hydrolysis around 70
kDa. The E/SP of L2 (line 1, Figure 5) larvae also showed
a wide area of hydrolysis ranging from>220 to 170 kDa.
An evident hydrolysis area could be observed at the 30-35
kDa migration region. The zymogram of L3 E/SP (line 1,
Fig.6) revealed the most pronounced gelatinolytic activity
showing a diffuse area ranging from >220 to 80 kDa and
well-delimited areas at approximately 70kDa and in the 45
kDa region. Regarding the effect of inhibitors, the prote-
olytic activity exhibited by the E/SP from stage L1 (Fig.4)
was markedly blocked in the presence of DCI, an irrever-
sible serine protease inhibitor. Partial inhibition could be
observed when prior treatments were carried out with
PMSE another irreversible serine protease inhibitor, and
TLCK known to inhibit both serine and cysteine proteases.
The activities of L2 and L3 E/SP proteases were also inhibi-
ted by irreversible serine protease inhibitors, respectively,
PMSF and DCI (Fig.5 and 6). Indeed, substrate degradation
by L2 E/SP was affected by EDTA, a metalloprotease inhi-
bitor. Furthermore, treatment of the E/SP from all instar
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larvae with E-64, an irreversible and specific cysteine pro-
tease inhibitor, and the serine proteases inhibitors TLCK
and elastatinal, failed to inhibit gelatin degradation.

L1 L2 L3
a b a b a b

220 kDa—
170 kDa—

220 kDa— 220 kDa—

170 kDa—| 170 kDa—

116 kDa —|

116 kDa — 116 kDa —

76 kDa —
76 kDa — 76 kDa —
53 kDa—|

53 kDa—| 53 kDa—

Fig.4. Hydrolysis profile on gelatin regarding the E/SP of the lar-
vae from the first (L1), second (L2) and third (L3) stages of Co-
chliomyia hominivorax. (a =0pg; b =0pg of protein). SDS-PAGE
- Coomassie blue.

C Pf Tp TI

EDTA DCI E64 El
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116 kDa
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76 kDa —|
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Fig.5. Proteolytic activity of the E/SP of L1 Cochliomyia hominivo-
rax larvae (20mg) on gelatin and the effect of specific inhibi-
tors (C = E/SP of control L1; Pf = PMSF; Tp = TPCK; Tl = TLCK;
EDTA; E-64; El = elastatinal; DCI. SDS-PAGE - Coomassie blue).

C Pf Tp TI EDTA E64 El DCI

220 kDa

170 kDa
116 kDa

76 kDa

53 kDa

Fig.6. Proteolytic activity of the E/SP of L2 Cochliomyia hominivo-
rax larvae (20mg) on gelatin and the effect of specific inhibi-
tors (C = E/SP of control L2; Pf = PMSF; Tp = TPCK; Tl = TLCK;
EDTA; E-64; El = elastatinal; DCI. SDS-PAGE - Coomassie blue).

c Pf Tp T

EDTA Eé64 El DCI

220 kDa

170 kDa
116 kDa

76 kDa

53 kDa

Fig.7. Proteolytic activity of the E/SP of L3 Cochliomyia hominivo-
rax larvae (20mg) on gelatin and the effect of specific inhibi-
tors (C = E/SP of control L3; Pf = PMSF; Tp = TPCK; Tl = TLCK;
EDTA; E-64; El = elastatinal; DCI. SDS-PAGE - Coomassie blue).

dee- L1
—*—12

—e—1L3

2 4 8 12 24

Hours (incubation)
Fig.8. Kinetics of the proteolytic activity of the E/SP of first, sec-

ond and third-stage of Cochliomyia hominivorax larvae on azo-
casein substrate.

Azocaseinolytic activity. The proteolytic activity kine-
tic of the E/SP from each larval stage of C. hominivorax on
azocasein is represented in Figure 7. A gradual increase in
the proteolytic activity of the assayed E/SP proteases on
this substrate was observed, according to the larval stage
and the time of incubation. The effect of different inhibi-
tors on the azocaseinolytic activity of E/SP is showed in
Figure 8. The L1 E/SP hydrolysis of azocasein was marke-
dly inhibited as follows: DCI (94.6%), EDTA (89.9%), TPCK
(73.5%) and TLCK (63.8%). Proteolysis was also affected
by PMSF (35.9%), elastatinal (9.4%) and E64 (3.7%), but
these substances showed a lower inhibition. Activity of L2
E/SP on azocasein was strongly inhibited by DCI (94.3%),
followed by EDTA (36.4%), TLCK (27.5%), PMSF (13.7%),
E64 (5.4%), TPCK (3.1%) and elastatinal (2.3%). In con-
trast to L1 and L2, proteolytic activity of L3 E/SP was we-
akly or not affected by the inhibitors assayed. The greatest
inhibition was observed when the samples were pretreated
with DCI (32.1%) and PMSF (21.4%). Very slight inhibition
was obtained with EDTA (0.6%) and elastatinal (0.9%) tre-
atment. Incubation with TPCK, TLCK, and E64 had no effect
on substrate degradation.
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DISCUSSION

To our knowledge, this is the first experiment conducted
with the purpose to characterize enzymatic activity of the
proteins produced by L1, L2 and L3 larval instars of Co-
chliomyia hominivorax. The biochemical characterization of
these molecules can provide insights into the parasite-host
interaction mechanisms that are involved in establish-
ment and development of myiasis caused by these flies.
Like other larvae that cause myiasis, C. hominivorax larvae
feed off the tissues of their host and, to do so, it can be pre-
sumed that they need to produce substantial amounts of
proteolytic enzymes. Thus, extracts containing the proteins
produced by each larval stage were prepared and tested.

The protein profile analysis demonstrated that, accor-
ding to the larval stage, proteins with different apparent
molecular masses were produced. This variation is sugges-
tive of the participation of these proteins in different stages
regarding the establishment and development of C. homi-
nivorax larvae in the wounds of their hosts. The first hours
after larval hatching are known to be very important for
the establishment of parasitism, because it is during this
period that the first contact occurs between the larvae and
the environment in which they will become established,
feed and develop. Thus, it can be assumed that the protea-
ses produced by the larvae of several flies that cause myia-
sis are involved in processes of digestion of their hosts’
tissues, which would facilitate parasite migration and nu-
trition (Bowles et al. 1990, Sandeman et al. 1990, Casu et
al. 1996, Young et al. 1996, Brant et al. 2010).

The protein profiles of E/SP from L1, L2, and L3 ins-
tar larvae exhibited similarity, especially between the first
two larval stages. The short molt period between the first
and second-stage larvae, and the fact that the E/SP were
prepared with the larvae at the beginning of the second
stage must have contributed towards the finding of few di-
fferences in the protein profiles produced by them. Howe-
ver, production of a wide range of enzymes from recently
hatched larvae can be interpreted as a way for the larvae
to establish themselves in the wounds and simultaneously
start their trophic activity, as occurs during the L1 of Lucilia
cuprina (Young et al. 1996), a fly also in the same family of
C. hominivorax. During L3, production of proteins occurred
over a more restricted range of apparent molecular masses.
Only one band with an approximate mass of 19 kDa was
produced exclusively for this larval stage. Bands with an
apparent molecular mass close to 32 kDa, 25 kDa, 14 kDa
and 12 kDa appeared in the E/SP of the three larval stages.
The analysis on the apparent molecular masses of the E/
SP of C. hominivorax larvae in the present experiment de-
monstrated that there was a predominance of bands with
higher masses in L1 and L2, in relation to L3. These findin-
gs are in agreement with the observations made by Young
et al. (1996), who also observed a tendency towards a re-
duction in the molecular masses of proteins produced by
L. cuprina with the evolution of the larval stage. Additional
characterization of the proteases produced by larvae in ge-
latin gels indicated that there was a constant production of
proteases throughout the larval development process, thus
suggesting that these proteins have a crucial function in
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the development of the larvae and formation of the wound.
This has also been observed in other Diptera species that
produce myiasis (Lecroisey et al. 1979, Young et al. 1996,
abouret et al. 2003, Brant et al. 2010).

The analysis of E/SP gelatinolytic activity from L1, L2
and L3 showed that hydrolysis of the gelatin intensified
with increasing larval growth and maturity. The Greater
enzymatic activity of L3 E/SP was also observed in the as-
says with azocasein. The increased proteolytic activity can
be explained mainly by the accelerated growth of C. homini-
vorax larvae from L2 onwards. The L1 larvae of this fly right
after hatching are of small size and actively move through
the living tissues of their host. The larvae need a considera-
ble amount of energy, because by the end of their parasitic
phase they can be up to 15 mm in length (Oliveira-Sequeira
and Amarante 2001).

Regarding inhibition assays, the analysis revealed that
proteolysis was mainly due to serine proteases, since there
was a strong inhibition of gelatin and azocasein hydrolysis
when the samples were previously treated with DCI. Si-
milar findings were reported by Young et al. (1996), who
characterized the E/SP involved in the initial phase of L.
cuprina parasitism and observed that the number of mo-
lecules produced varied over short time intervals, but with
a predominance of serine protease enzymes. DCI produces
a potent and irreversible inhibition of serine proteases by
modifying one or more active enzyme sites (Bogyo & Wang
2002). The assays with azocasein also showed strong inhi-
bition of L1 E/SP by other serine protease inhibitors, na-
mely TPCK and TLCK. Also, EDTA, a metalloprotease inhi-
bitor, promoted the inhibition of young larvae proteases on
both gelatin and azocasein substrate.

The L2 E/SP showed inhibition of proteolytic activity
especially when they were treated with EDTA and DCI pre-
viously, thus demonstrating that in addition to the produc-
tion of serine proteases, these larvae also produce metallo-
proteases. Production of these latter enzymes could also be
observed in the inhibition tests with azocasein. Metallopro-
teases have been observed in the microvillus of the middle
intestine in Diptera (Terra et al. 1996). The basic function
of these enzymes, according to some authors, may be con-
nected to the penetration of the larvae in host tissues, since
they have been found in abundance in the infesting stages
of Strongyloides stercoralis (Brindley et al. 1995, Gallego et
al. 2005), Ancylostoma spp. (Hawdon et al. 1995), and the
E/SP of L1 Dermatobia hominis (Brant et al. 2010).

Regarding the L3 E/SP, protease activity on the substra-
tes was markedly blocked by DCI, confirming the predomi-
nance of serine proteases in those products. These findin-
gs are in agreement with previous studies conducted with
other species of myiasis-causing fly larvae. Muharsini et al.
(2000, 2001) observed that serine proteases are the main
type of protein produced by Chrysomya bezziana larvae.
Serine proteases have also been detected in L2 and L3 of
other parasitic Diptera flies, such as Hypoderma lineatum,
D. hominis and Oestrus ovis, and these proteins are belie-
ved to play an important role in larval penetration within
the host tissues (Lecroisey et al. 1979, Tabouret et al. 2003,
Brant et al. 2010), as well as in modulation of the process of
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evasion of the host immune system (Boulard 1989, Pruett
1993, Brant et al. 2010). The predominance of serine pro-
teases observed in L2 and especially L3 C. hominivorax,
as well as L2 and L3 D. hominis (Brant et al. 2010), can be
interpreted as an increase in the trophic activity of these
growing larvae, since the viability of adult flies depends on
the ability of larvae to assimilate nutrients from their host.

Studies on the excretory/secretory proteases from fly
species causing economically important myiasis in livesto-
ck are promising, especially regarding research and develo-
pment of new efforts directed towards infestation control.
The present results reinforce the need for further investi-
gations to comprehend better the role of E/SP in the biolo-
gy of C. hominivorax, which will aid in developing new dru-
gs directed towards mitigating its impact on animal health.
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