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Abstract
This study identified and characterized hydrolytic enzymes in salivary gland products of Oestrus ovis larvae. Third instars were

collected from the heads of slaughtered goats. Salivary glands were extracted, their products obtained by centrifugation and the

enzymatic profile determined. Optimum pH, temperature of maximum proteolytic activity, thermal stability, and resistance of

salivary gland products were determined on collagen and subclasses of proteases were identified using protease inhibitors.

Zymograms were used to determine the molecular weight of proteases. Antigenic protein bands were revealed by immunoblotting

using sera obtained from experimentally infested goats. Seven positive enzymatic activities were detected in salivary gland

products: acid phosphatase, naphthol-AS-BI-phosphohydrolase, esterase (C4), esterase lipase (C8), leucine arylamidase, a-

glucosidase and N-acetyl-b-glucosaminidase. Optimum pH for proteolytic activity was 8.0; proteolytic activity increased with

temperature (10–50 8C) then drastically decreased at 60 8C. Proteases in O. ovis salivary gland products belong to the serine

subclass. In Zymograms, bands of proteolytic activity were detected in the 20–63 kDa range; the immunoblot showed three

antigenic bands, one of them related to a protease band (63 kDa). Serine proteases in O. ovis salivary gland products are most likely

involved in larval nutrition and host immuno-modulation.

# 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Oestrus ovis (Linnaeus, 1761) (Diptera, Oestridae)

is a cosmopolitan obligate parasite of the nasal and

sinus cavities of sheep and goats. The parasitic larvae

seriously impact the well-being and productive perfor-

mance of their hosts causing loss in meat, milk, and

wool production (Touré, 1994). Adult botflies deposit

first instars (L1) directly into the host’s nose where they
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quickly colonize the nasal passages (nasal septum,

turbinates, and the ethmoid bone), then molt to the

second instar (L2) and migrate to the frontal sinus and

horn cavities. Later, L2’s molt into the third instar (L3),

the stage when the greatest larval growth rate is attained

(Cepeda-Palacios et al., 1999). The parasitic larval

feeding stage is critical for the subsequent pupal and

adult free-living stages because adults possess atrophied

and non-functional mouth parts and cannot feed and

therefore depend on larval reserves accumulated during

the larval feeding period. Low larval weight (<280 mg)

can compromise the survival of pupal and adult stages

(Cepeda-Palacios et al., 2000).

mailto:rcepeda@uabcs.mx
http://dx.doi.org/10.1016/j.vetpar.2007.06.040
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Larval feeding activity involves secretion of enzy-

mes into the upper respiratory mucosal substrate, an

area where immunoglobulins and defense cells are

present. Such enzymes degrade the substrate into

smaller units that are then swallowed to support larval

growth and development (Tabouret et al., 2003).

External protein digestion by proteases plays an

important role in the biology and acquisition of

nutrients by parasitic fly larvae, such as Hypoderma

lineatum (Oestridae), Lucilia cuprina (Calliphoridae),

and Chrysomya bezziana (Calliphoridae). These para-

sites use proteolytic enzymes for larval migration,

establishment, feeding, growth, and development

(Muharsini et al., 2000; Sanderman et al., 1990;

Boulard and Garrone, 1978). In addition, these enzymes

exert strong immuno-modulatory effects in the host.

Proteases of H. lineatum have been recognized by their

antigenic properties and association with mechanisms

of host immune protection (Pruett et al., 1988).

Excreted/secreted products of O. ovis larvae comprise

a complex array of enzymes, including proteases

(Frugère et al., 2000; Tabouret et al., 2003) that are

associated with Type I hypersensitivity (Dorchies et al.,

2006; Jacquiet et al., 2005).

These products contain mixed secretions from the

larval gut and salivary gland, but to date, proteolytic

activity has not been demonstrated in salivary gland

extracts, although major antigens (a 28 kDa protein

complex) have been identified in O. ovis salivary gland

secretions (Tabouret et al., 2001). It is important to

determine if salivary gland secretions contain enzymes

related to tissue damage and pathogenesis caused by the

O. ovis larvae. Physico-chemical characterization of

protease activity would indicate the biochemical roles

and related antigenic proteins involved in the physio-

pathology of oestrosis. Hence, this study identifies and

characterizes the major enzymatic activities in salivary

gland products from O. ovis larvae.

2. Materials and methods

2.1. Larval collection and salivary gland proteins

Third-instar O. ovis larvae (L3) were collected from

the head of goats (n = 145) slaughtered in La Paz,

B.C.S., Mexico. Larvae (n = 486) were pooled and

placed in Petri dishes according to date of collection and

physiological age characteristics of L3 inter-stadia (for

L3 inter-stadia description, see Cepeda-Palacios et al.,

1999). Larvae were washed individually with a PBS (pH

7.4) solution containing penicillin (100 U ml�1) and

streptomycin (100 mg ml�1) prior to dissection.
2.2. Salivary gland products

Larvae were checked for viability (absence of

integumental fungal attacks, damages to cuticle,

diminished vigor). Each live larva was fixed to a

paraffined Petri dish with entomological pins and

dissected under a stereomicroscope using ophthalmic

surgical equipment. Dissection was carried out on an ice

bath using cold (4–10 8C) PBS-antibiotics as liquid

medium. After removing the ventral coelomic wall, as

well as the surrounding fat body, tracheal and nervous

tissues, the entire salivary gland (n = 128) was

recovered and put in a tube with PBS-antibiotics.

Salivary gland products of L3 inter-stadia (eL3, D1, D2,

D3, D4, and D5) were obtained by centrifugation for

20 min (10,000 � g at 4 8C) and stored (�20 8C) until

used.

2.3. Experimental infections and sera

To identify antigenic proteins in salivary gland

products by immunoblots, serum from artificially

infected kids was used. Briefly, gravid botflies were

captured by hand in the vicinity of goat flocks in Baja

California Sur, Mexico. First instars (n = 480) were

collected from gravid flies by abdominal pressing and

viable larvae were selected under the stereoscope

(40�). Four 5-month kids (never exposed to O. ovis and

kept isolated from flying insects to avoid natural field

infections) were artificially infected with 48 first-instars

in the right nostril using a flexible pipette. Serum was

collected biweekly and kids slaughtered 70 days after

infection. Necropsied kids were carefully examined for

O. ovis larvae on the nasal septum, turbinates, ethmoid

bone, and sinus cavities.

2.4. Protein determination

Protein concentration in salivary gland products

from each inter-stadium pool was measured by the

Bradford method (1976). Bovine serum albumin

(BioRad, 500-0007) was used as a standard for the

reference curve.

2.5. Enzymatic assays

2.5.1. ApiZym method

The ApiZym method (Biomerieux, France) was used

to identify specific enzymatic activities in salivary gland

products. Isoprotein samples of secretions/excretions

from different inter-stadia of L3 larvae were pooled and

mixed before use. For this purpose, 50 mg (65 ml) of
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protein was set on each well of the plate (specific

substrate). After 4.5 h at 37 8C, Zym A and B reagents

were added. Color development was assessed visually

and scored according to the manufacturer’s reading

scale expressed as the quantity of hydrolyzed substrate

(nmol) after 1 h. Results were expressed as mean �
S.D. of four independent samples. Substrates used

were 2-naphthyl phosphate (phosphatase alcalin), 2-

naphthyl butyrate (esterase, C4), 2-naphthyl caprylate

(esterase lipase), 2-naphthyl myristate (lipase, C14), L-

leucyl-2-naphthylamide (leucine arylamidase), L-valyl-

naphthylamide (valine arylamidase), L-cystyl-naphthy-

lamide (cystine arylamidase), N-benzoyl-DL-arginine-2-

naphthylamide (trypsin), N-glutaryl-phenylalanine-2-

naphthylamide (a-chymotrypsin), 2-naphthyl phos-

phate (acid phosphatase), naphthol-AS-BI-phosphate

(naphthol-AS-BI-phosphohydrolase), 6-Br-2-naphthyl-

a-D-galactopyranoside (galactosidase), 2-naphthyl-b-

D-galactopyranoside (b-galactosidase), naphthol-AS-

BI-b-glucuronide (b-glucuronidase), 2-naphthyl-a-D-

glucopyranoside (a-glucosidase), 6-Br-2-naphthyl-b-D-

glucopyranoside (b-glucosidase), 1-naphthyl-N-acetyl-

b-D-glucosaminide (N-acetyl-b-glucosaminidase), 6-

Br-2-naphthyl-a-D-mannopyranoside (a-mannosidase),

and 2-naphthyl-a-D-fucopyranoside (a-fucosidase).

2.5.2. Optimum pH and maximum temperature on

Azocoll substrate

Salivary gland products from L3 inter-stadia were

pooled, mixed, and tested at several pH’s and

temperatures for proteolytic activities on Azocoll

(Azodye impregnated collagen, Calbiochem and

Sigma) according to the method described by Tama-

shiro et al. (1987). Collagen substrate was diluted to a

concentration of 1.6 mg ml�1 with 100 mM sodium

acetate buffer at pH 5–6) and 100 mM Tris–HCl buffer

from pH 7 to 11). Protein (50 mg) was added to 250 ml

of substrate solution and incubated at 37 8C for one hour

under gentle agitation. The reaction was stopped by

centrifugation at 5000 � g for 10 min; 200 ml super-

natant was put on micro-titration plates (ImmunoNunc)

and absorbance values were read at 490 nm. Enzyme

activity was evaluated over the temperature range of

10–70 8C in 100 mM Tris–HCl buffer at pH 7.8.

Purified trypsin (Sigma, T-8642) was used as a positive

control (50 mg ml�1) and the corresponding buffer as a

negative control. Proteolytic activity (PA) was calcu-

lated (mean � S.E. (standard error)) as Tabouret et al.

(2003):

PA ¼ ABS490 sample � ABS490 negative control

ABS490 positive control � ABS490 negative control
Temperature stability of proteolytic activity was

determinated by pre-incubation of salivary gland

products at several temperatures (10–70 8C) for 1 h.

Enzyme thermal resistance was determined by pre-

incubating salivary gland products at 40, 50, and 60 8C
for 1, 2, or 4 h. After pre-incubation, the salivary gland

products were chilled for 1 min on ice and the loss of

proteolytic activity on Azocoll was measured. The

values were expressed as percentage of a control

without thermal treatment. The assays were run in

triplicate.

2.5.3. Inhibition of proteolytic activity

Seven groups of L3 larvae (n = 67) were used to

characterize the subclasses of proteases contained in a

pool of salivary gland products from all inter-stadia.

Thus, salivary gland products (60 mg) were incubated

for 30 min at 25 8C with non-specific or specific

inhibitors; then the substrate was added (Azocoll

solution to 250 ml for a final concentration of

1.6 mg ml�1). After incubation for 1 h at 37 8C under

gentle agitation, the reaction was stopped as described

above and optical values were read at 490 nm. Inhibitors

used were 4 mM phenylmethylsulfonyl fluoride

(PMSF); 4 mM (ethylenedinitrilo) tetra-acetic acid

(EDTA); 150 mM N-a-p-tosyl-L-lysine chloromethyl

ketone hydrochloride (TLCK); 150 mM N-tosyl-L-

phenylalanine chloromethyl ketone (TPCK); 2.5 mM

N-[N-(l-3-trans-carboxirane-2-carbonyl)-L-leucyl]-

agmatine (E64); 150 mM bestatin; and 100 mg ml�1

soybean trypsin inhibitor (SBTI). Results were express

as mean � S.E.

2.5.4. Electrophoretic analysis

Salivary gland products from each L3 inter-stadium

larvae were separated on 4–8% nondenaturing poly-

acrylamide gel electrophoresis (NAT-PAGE) and 4–

15% under non-reducing conditions (SDS-PAGE) as

described by Laemmli (1970). Electrophoresis was

done at 80/100 V for 30 min to 2 h at 4–10 8C.

Enzymatic extracts (15 mg protein) were diluted (1:4)

in a buffered loading sample for native conditions

(without SDS, reducing agents, and not boiled) or for

non-reducing conditions (containing SDS, without

reducing agents, and not boiled). Molecular weight

standards (BioRad) ranging from 97.4 to 14.4 kDa

(phosphorylase b = 97.4, bovine serum albumin = 66.2,

ovalbumin = 45, carbonic anhydrase = 31, trypsin inhi-

bitor = 21.5, lysozyme = 14.4) were used for non-

reducing electrophoresis. Gels were fixed by staining

in a solution of 0.1–0.5% Coomassie brilliant blue R-

250 (BioRad), 40% methanol, and 10% acetic acid.
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2.5.5. Zymogram identification

Zymograms were performed with salivary gland

products from each L3 inter-stadium in co-polymerized

gels with gelatin (0.1% separating gel, gelatin-PAGE)

described by Laemmli (1970) and Heussen and Dowdle

(1980). After electrophoresis, gels were treated as

follows: (1) two washes (30 min each at 4 8C) in Tris–

HCl buffer containing 2.5% Triton X-100 to remove

SDS; (2) incubated in Tris–HCl buffer (pH 7.8) over-

night; (3) Zymogram gels were soaked in a fixing-stain

containing Coomassie brilliant blue R-250 solution.

2.5.6. Screening of antigenic proteins

To find antigenic bands that might be related to

protease bands, salivary gland products from each L3

inter-stadium were resolved by PAGE, as described

above. Polypeptides were resolved by electrophoresis

using either Coomassie blue solution or transferred

electrophoretically to PVDF membranes, as described

by Towbin et al. (1979), and then tested for reactivity

against serum from the artificially infested goats.

Membranes were blocked with 4% skimmed milk in

Tris buffered saline-Tween 20 (TBS-T) for 1 h at room

temperature. A isoquantity pool of sera from the four

artificially infected kids (see above), was diluted to 1:100

in TBS-T and membranes incubated for 1 h at room

temperature. Subsequently, antibody-labeled peroxidase

(anti-goat IgG whole molecule, Sigma, A5420) was

diluted 1:1000 in TBS-T and incubated for 1.5 h at room

temperature. Orthophenyldiamine was added to reveal

antigenic bands. Reaction was stopped by washing the

membrane with distilled water for 30 min (3 washes).
Fig. 1. Enzymatic activities detected in salivary gland products of Oestrus ov

in each well. Enzymatic activities are expressed as amount of hydrolyzed
3. Results

3.1. Enzyme detection by the ApiZym method

Seven positive enzymatic activities were detected in

salivary gland products belonging to four general

groups (Fig. 1) as follows: (1) phosphatase group: acid

phosphatase and naphthol-AS-BI-phosphohydrolase;

(2) esterase group: esterase (C4) and esterase lipase

(C8); (3) protease group: leucine arylamidase; and (4)

glucosidase group: a-glucosidase and N-acetyl-b-

glucosaminidase.

3.2. Enzyme optimum pH, maximum temperature,

thermal stability, and thermal resistance

On Azocoll substrate, collagenolytic activity occurred

in a pH range 5.0–9.0 (Fig. 2A). Maximum activity was

observed at pH 8.0, decreasing in both at pH 7.0

(�63.8%) and 9.0 (�82.6%). Protease activity increased

between 10 and 50 8C (Fig. 2B) and decreased at 60 8C
(�13.5%) and 70 8C (�47.4%), indicating denaturation

of the enzymes.

Thermal stability of proteolytic activity diminished

13% from 10 to 20 8C, stabilized at 50 8C (85, 82, and

86% at 30, 40, and 50 8C, respectively, Fig. 2C), and

subsequently dropped to 59% at 60 8C and 10% at

70 8C, respectively. Thermal resistance of the enzymes

at several incubation times on Azocoll (1, 2, or 4 h)

showed a similar trend at 40, 50, and 60 8C (Fig. 2D).

Above 50 8C, thermal resistance was reduced at the

three incubation times.
is by the ApiZym kit method. Fifty micrograms of protein were tested

substrate (nmol) � S.D.
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Fig. 2. Effects of pH (A) and temperature (B) on proteolytic activity in salivary gland products of sheep bot fly larvae O. ovis. Collagen was used as

substrate. Purified trypsin was used as a positive control (50 mg ml�1) and the corresponding buffer as a negative control. Results are means and S.E.

of four samples. (C) Thermo-stability of proteases in salivary gland products was measured at different pre-incubation temperatures. (D) Thermo-

resistance of proteases of salivary gland products was measured at 40, 50, and 60 8C at three pre-incubation periods. Mean values were expressed as

percentage of a control without thermal treatment.
3.3. Inhibition of proteolytic activity

The inhibition assay indicated that proteases in L3

larval salivary gland products belong to the serine

protease subclass because they reacted only with this

type of inhibitor (Table 1). Inhibitors of metallo-

proteases (EDTA), cysteine proteases (E64) or amino-

peptidases (bestatin) did not inhibit the degradation of

Azocoll, and the serine protease inhibition was less that

expected. To determine optimal relationships between

proteolytic enzymes and inhibitor concentrations,

higher concentrations of SBTI were tested. We found

that the percentage of inhibition increased from

100 mg SBTI ml�1 (recommended concentration) to

300 mg SBTI ml�1.
Table 1

Effect of different protease inhibitors on the proteolytic activity of L3 larv

Protease inhibitor

N-Tosyl-L-phenylalanine chloromethyl ketone [TPCK]

N-a-p-Tosyl-L-lysine chloromethyl ketone hydrochloride [TLCK]

Phenylmethylsulfonyl fluoride [PMSF]

Soybean trypsin inhibitor [SBTI]a

Means � S.E. No proteolytic inhibition was found with bestantin (150 mM

(2.5 mM); and (ethylenedinitrilo) tetra-acetic acid [EDTA] (4 mM).
a SBTI tested at three concentrations.
3.4. Experimental infection

On Day 70 post-infection, 9–18 L1, L2 and L3 larvae

(data not shown) were recovered from the nasal cavities

of the infected kids. Blood sera containing IgG against L3

larval antigens were used to identify antigenic proteins in

salivary gland products by the Western blot method.

3.5. Protein patterns, Zymogram identification, and

antigenic bands

Protein patterns, Zymograms, and immunoblotting

of salivary gland products are shown in Fig. 3A and B.

No differences were found in protein pattern, proteo-

lytic bands, and antigenic bands between L3 inter-stadia
al Oestrus ovis salivary gland products

Concentration % inhibition

150 mM 15.3 � 8.1

150 mM 11.2 � 7.4

4 mM 51.5 � 10.3

100 mg ml�1 36.4 � 7.1

200 mg ml�1 49.8 � 4.3

300 mg ml�1 72.5 � 1.5

); N-[N-(l-3-trans-carboxirane-2-carbonyl)-L-leucyl]-agmatine [E-64]
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Fig. 3. Protein pattern, Zymogram, and immunoblotting of salivary gland products of O. ovis third-instars under native (A) and non-reducing (B)

conditions. Salivary gland products (15 mg of protein/each line) are from L3 O. ovis larvae under native condition (4–8% NAT-PAGE) or non-

reducing condition (4–15% SDS-PAGE). For protein pattern (left) and Zymogram identification (centre), Coomassie brilliant blue R-250 stain was

used. Immunoblot (right) was performed using sera from infected goats that contained L3 larvae at necropsy. M = molecular weight marker (kDa).

eL3 to D5 lines corresponding: third instars from eL3 to D5 intra-stadia development categories (Cepeda-Palacios et al., 1999).
under native and non-reducing PAGE conditions

(Fig. 3B). Under native conditions, major proteins were

found in the upper end of the gel; similarly, Zymograms

revealed high proteolytic activity on gelatin substrate and

well-defined antigenic bands. Under non-reducing

conditions, the protein pattern (stained with Coomassie

blue) showed several bands between 26 and 84 kDa, with

major bands at 28, 29, and 84 kDa. Proteolytic bands

were observed in gelatin-PAGE at 20, 26, 41, 46, 59, and

63 kDa. Variation in the Zymograms patterns were

observed between L3 inter-stadia and collection date

groups. Three bands were recognized using the sera from

artificially infected kids. The most antigenic activity

occurred at the 29 kDa band. Comparison between

patterns of antigenic (immunoblots) and proteolytic

(Zymograms) proteins revealed one band with a common

molecular weight (63 kDa), however the stained electro-

phoretic gels actually revealed three, closely spaced

protein bands in this region making it impossible to

define which ones were proteases, antigenic, or both.

4. Discussion

To our knowledge, this is the first report demonstrat-

ing proteolytic activity in O. ovis larval salivary glands
products. Proteolytic activity in salivary gland products

in the Azocoll test was low compared with that observed

in O. ovis larval excretory–secretory products (data not

shown) or digestive tube extracts (Angulo-Valadez

et al., 2007). This finding may indicate that excretory–

secretory proteins are deposited onto the nasal and

sinusal mucosa for partial substrate degradation, and

subsequently, pre-digested feed and larval enzymes are

ingested by the feeding larva for final digestion in the

digestive system which occurs in other oestrid larvae

(Colwell et al., 2006).

The enzymatic profile obtained in this study for O.

ovis salivary gland products was similar to that

previously reported for intestinal tube contents and

excretory–secretory products using the ApiZym method

(Tabouret et al., 2003). Optimal pH for insect digestive

enzymes encompasses a broad range of the acid–

alkaline spectrum; however, many secreted proteases

(especially serine proteases) and amino peptidases have

optima in the neutral or alkaline range (Terra and

Ferreira, 1994). The pH optima for proteases in

excretory–secretory products from O. ovis, Lucilia

sericata and L. cuprina were between 7.0 and 9.5

(Tabouret et al., 2003; Chambers et al., 2003; Bowles

et al., 1988). Hypodermins A and B produced by H.



C.E. Angulo-Valadez et al. / Veterinary Parasitology 149 (2007) 117–125 123
lineatum had optimal activity at pH 8.5, but enzyme

activity was observed at pH levels as high as 10.2

(Lecroisey et al., 1983). In Hypoderma for instance, the

pH optimum of collagenase was between 8.0 and 8.5,

and decreased by 22% at pH 9 (Lecroisey and Keil,

1985). Proteolytic activity in salivary gland products of

O. ovis larvae decreased to <80% at pH of 9.0 as well.

In general, these results indicated that the optimal pH

for proteolytic activity is similar in several species of

flies causing myiasis. The pH of the infected sinus-

cornual cavities of the necropsied goats (measured

throughout the study) was nearly optimal, as compared

to our results in the Azocoll assay when salivary gland

products were tested. This finding agreed with the

results of the in vitro L1 larvae culture by Duranton and

Dorchies (1997) who obtained the highest larval

survival at pH 7.7. In L. cuprina, Guerrini et al.

(1988) reported that the highest larval survival and

growth was attained at pH 8.0–9.0 in artificially infected

sheep. In contrast, trypsin and chymotrypsin activities

of larval excretory–secretory products from C. bezziana

showed high proteolytic activity over a broad pH range

5.0–10.0 (Muharsini et al., 2000).

According to our results, both oestrid species H.

lineatum and O. ovis have similar enzymatic activity

profiles. Maximum activities of Hypodermin A, B, and

C were observed at 50 8C, decreasing above 55 8C
(Cencek, 2003). Likewise, enzyme activity of Hypo-

dermin A and B did not decrease when they were heated

to 55 8C for 20 min, nevertheless heating to 60 8C
reduced enzyme activity as much as 50% and heating to

65 8C inhibited all activity (Lecroisey et al., 1983).

Proteases from O. ovis salivary gland products showed

similar thermal stability as Hypodermin A and B, but

different from Hypoderma collagenase which was

thermo-stabile, retaining full activity at 60 8C after a

pre-incubation of 20 min (Lecroisey and Keil, 1985).

Cencek (2003) reported thermal resistance of Hypo-

dermins at 60, 65, and 70 8C with several pre-incubation

times. Average Hypodermin activities were very similar

to O. ovis salivary gland products pre-incubated at

60 8C, which diminished by 32, 42, and 59% at 1, 2, and

4 h, respectively. In general, it appears that O. ovis

proteases have less thermal stability and resistance than

Hypoderma collagenase. Lecroisey and Keil (1985)

pointed out that this may reflect the fact that the enzyme

is stored in the larval midgut for up 8 months at 37 8C
inside the host body, prior to exerting its action during

the last stage of larval maturation. In the case of O. ovis,

the frontal sinuses of sheep maintain a fairly constant

temperature of 37–40 8C (Rogers et al., 1968). This

would indicate that Oestrid species possess proteases
that remain active above the normal host temperature,

possibly relating to the functional physical-biochemical

properties of these enzymes. On the other hand,

proteolytic activity decreased at lower temperatures

(30, 20, and 10 8C); should this occur in vivo, partial

enzyme inactivation might affect feed degradation by

larval enzymes, helping to understand the low O. ovis

larval developmental rates characteristic of seasonal

hypobiotic periods observed in temperate climates.

Proteolytic enzymes found in O. ovis larval salivary

gland products belong to the serine protease subclass as

do those in the excretory/secretory products of other

agents of myiasis such as C. bezziana, L. sericata, L.

cuprina (Muharsini et al., 2000; Chambers et al., 2003;

Sanderman et al., 1990). Since only one inhibitor of

cystine-proteases (E-64) and one for metallo-proteases

(EDTA) were used in this study, it would be interesting

to test additional inhibitors of cystine- or metallo-

proteases and other substrates in order to confirm these

results. Hypodermins, also classified as serine pro-

teases, play an important role in penetration and cross-

migration of H. lineatum larvae in cattle tissues and in

larval nutrition (Boulard and Garrone, 1978). Tabouret

et al. (2003) detected digestive serine proteases in

proteolytic bands of 20, 24, 29, 36, 45, and 69 kDa on

gelatin-PAGE separations of excretory/secretory pro-

ducts. These are similar to our results, 20, 26, 41, 46, 59,

and 63 kDa. They suggested that in vivo collagenolytic

activity facilitates plasma protein leakage induced by an

inflammatory process.

As expected, proteolytic activity of O. ovis salivary

gland products clearly varied among L3 collection

dates. This variation may be related to larval feeding

rhythms and enzyme production necessary to digest the

food. Enzymatic profiles may be modified according to

environmental conditions and food availability from the

host (Terra and Ferreira, 1994). In dipterous species,

such as Phlebotomus papatasi, Stomoxys calcitrans,

and Anopheles gambiae, similar mechanisms have been

reported (Ramalho-Ortigao et al., 2003; Lehane et al.,

1998; Shen et al., 2001). Furthermore, great variation in

weight and size in inter-stadia of O. ovis third instars has

been observed (Cepeda-Palacios et al., 1999, 2000). In

Cochliomyia hominivorax and C. macellaria, genetic

variation in larval enzymatic capability among popula-

tions of the same species has been reported (Taylor

et al., 1996). In addition to environmental conditions

and food availability from the host, physico-chemical

properties of enzymes should be also considered.

Enzymes possess inherent physico-chemical properties

that make them unstable and susceptible to autolysis.

For example, autolysis in chymotrypsins (LCTa and



C.E. Angulo-Valadez et al. / Veterinary Parasitology 149 (2007) 117–125124
LCTb) has been demonstrated at temperatures as low as

4 8C in L. cuprina (Casu et al., 1994).

In the saliva of several hematophagous insects,

enzymes responsible for hydrolyzation of IgGs have

been identified. These enzymes preferentially cleave the

hinge region of the heavy molecular chain, which is

carried out during larval feeding and immuno-modula-

tion of the host response (Nisbet and Huntley, 2006).

Likewise, proteases excreted and secreted by L. cuprina,

H. lineatum, and O. ovis can cleave IgG proteins

(Eisemann et al., 1995; Pruett, 1993; Tabouret et al.,

2003). We can assume that the amino acids from the

degraded immunoglobulins may be utilized for larval

growth and cellular regeneration. Further assays are

needed to determine if the salivary gland of O. ovis

secretes enzymes are capable of digesting host anti-

bodies, avoiding or modulating the immune system of the

host. In this study, a strong proteolytic-antigenic band

was detected, along with three weak bands. It is necessary

to isolate these proteins to determine if there is an

antigenic protease in O. ovis larval salivary gland

products. Major proteases in H. lineatum show antigenic

and immunogenic properties (Pruett et al., 1988), and the

blowfly L. cuprina synthesizes a variety of antigenic

proteins in its salivary glands (Skelly and Howells, 1987).

The protein profile resolved on polyacrylamide gels

and antigenic bands developed on immunoblots show

fairly consistent bands that appeared among inter-stadia

of L3 larvae (from eL3 to L3D5). In our study, a 28 kDa

complex in the salivary gland products was detected

using sera from goats artificially infected with O. ovis

larvae. We found a 29-kDa band with the most antigenic

activity, but 28 and 63-kDa bands were also identified.

In sheep, these protein complexes (20–29 kDa) have

been reported as the major antigenic fraction in O. ovis

salivary gland extracts (Tabouret et al., 2001), therefore,

the 29 kDa protein band appears to be highly antigenic

in both species.

Many aspects of the action O. ovis salivary gland

products in the host–parasite relationship context remain

unclear. For example, the capacity of salivary gland

products for up or down-regulate host immune system

cells is poorly understood. Both, proteases (to degrade

proteins, i.e., IgG, lymphocyte receptors) and major

antigens are surely present in the saliva. It is necessary to

carry out further research to determine if salivary gland

products (especially the 29-kDa protein) confer immuno-

protection to sheep and goats by affecting establishment

and development of larvae. In conclusion, salivary gland

products of O. ovis contain thermostable proteases of the

serine subclass, which appear to be important in larval

nutrition and host–parasite interaction.
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