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SUMMARY

Here we describe the purification and characterization of a vitellin (VT) degrading cysteine endopeptidase (VTDCE) from

eggs of the hard tick Boophilus microplus. A homogeneous enzyme preparation was obtained by chromatographic frac-

tionation on ion-exchange and gel filtration columns and an autolysis step. This step consisted of incubation of a semi-

purified enzyme (after the first ion-exchange chromatography) at pH 4.0 that dissociated the enzyme from VT, to which

VTDCE is naturally tightly associated. The enzyme purity was confirmed by capillary and native gel electrophoresis, and

SDS–PAGEsuggested the enzyme is a dimer of 17 and 22 kDa.VTDCEwas active upon several synthetic substrates, with a

preference for a hydrophobic or a basic residue in P1, and a hydrophobic residue in P2. VTDCE also hydrolysed haemo-

globin, albumin, gelatin and vitellin. VTDCE is inactive in the absence ofDTTandwas totally inhibited byE-64, indicating

it is a cysteine endopeptidase. Our results suggest that VTDCE is a major enzyme involved in yolk processing during

B. microplus embryogenesis.
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INTRODUCTION

The embryo development of an arthropod requires

that the proper nutrients be available at the right

time. The bulk volume of the arthropod eggs are

comprised of yolk granules or spheres, specialized

organelles that contain reserve material and the en-

zymatic machinery necessary to make these reserves

available. Yolk granules thus provide aminoacids,

carbohydrates and lipids for the embryonic process.

The major protein contained within yolk granules

is vitellin (VT), a heme-containing phosphoglyco-

lipoprotein derived from a maternal serum protein

precursor, vitellogenin (Canal et al. 1995). In many

species, such as the tick Ornithodoros moubata (Fa-

gotto, 1991), the cockroach Blatella germanica (Liu,

McCarron & Nordin, 1996), the sea urchins Stron-

gilocentrotus purpuratus andLytechinus pictus (Mallya

et al. 1992), the frogXenopus laevis (Fagotto &Max-

field, 1994) and the mosquito Aedes aegypti (Cho

et al. 1999), VT degradation is triggered by a devel-

opmentally regulated acidification of the yolk gran-

ules. This acidification, in turn, activates different

proteinases involved in arthropod yolk digestion,

among them acid cysteine proteinases from the ca-

thepsin-like group,mainly cathepsinL-like (Fagotto,

1990) and cathepsin B-like (Medina, Leon & Vallejo,

1988).

A previous report has shown that acidification, and

the consequent activation of an acid aspartic pro-

teinase, is required for yolk degradation in the cattle

tick Boophilus microplus (Logullo et al. 1998). In this

work we report the presence of a (cathepsin L-like)

cysteine endopeptidase, which is associated with

vitellin, in eggs of B. microplus and that probably has

a role in the VT degradation during B. microplus

embryogenesis.

MATERIALS AND METHODS

Materials

All the 7-amido-4-methylcoumarin (MCA) fluoro-

genic substrates were purchased from Sigma Chemi-

cal Co. (St Louis, USA). The internal quenched

fluorescencesubstrate,MCA-Gln-Ser-Ser-Arg-His-

Arg-Arg-Ala-Leu-Gln-EDDnp (ethylenedinitro-

phenyl-N-[2.4-dinitrophenyl]-ethylenediamine)was

synthesized and kindly supplied by Dr Luiz Juliano

(Escola Paulista de Medicina, Universidade Federal

de São Paulo, Brazil). Centricon-10 and Microcon-

10 were from Amicon Inc. (Beverly, USA), the

other filters were from Millipore Ind. Com. Ltda

(Bedford, USA). B. microplus vitellin was prepared
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according to the method described by Da Silva Vaz

Jr, Osaki & Masuda (1994).

Ticks and eggs

Ticks from the Porto Alegre strain were reared on

bovines, which were brought from a tick-free area

and maintained in insulated individual boxes pro-

tected from contact with other ticks and insects.

Bovines were infested with 15-day-old (from hatch-

ing)B.microplus larvae.After 22 days, engorged adult

female ticks that had spontaneously detached from

the host were collected and incubated at 28 xC and

85% relative humidity. Eggs from the 1st to the 12th

day after oviposition were collected and stored at

x70 xC until used.

Protease activity assays

Zymograms. The zymogram is a simple and sensi-

tive technique used to detect proteolytic activity. It

is particularly useful when the sample may contain

more than 1 proteolytic activity. In this work zy-

mograms were used to search for proteases in 3 dif-

ferent tick crude extracts and to evaluate the enzyme

capacity to hydrolyse different proteins. Assays were

done according to the method of Heussen & Dowdle

(1980). Briefly, polyacrylamide gels (7.5%) copoly-

merized with 0.1% gelatin, 0.1% haemoglobin, 0.1%

vitellin, 0.1% albumin or 0.1% ovalbumin were run

under non-denaturing conditions (without sodium

dodecyl sulfate (SDS)) in 50 mMTris-glycine buffer,

pH 8.3.After theelectrophoreticseparation,gelswere

washed and incubated overnight in 0.1 M sodium

acetate buffer, pH 3.5, containing 5 mMdithiothreitol

(DTT), at 37 xC.At the end of the incubation period,

gels were washed with water and stained with Coo-

massie Brilliant Blue R-250.

Activity with fluorogenic substrates. Column frac-

tions (10 ml aliquots) or other samples to be tested

were incubated with 50 mM sodium citrate/sodium

phosphate buffer, pH 3.5, and 10 mM DTT at 37 xC.

After 10 min, the fluorogenic substrate N-Cbz-Phe-

Arg-MCA (Cbz, carboxibenzoyl) was added to a fi-

nal concentration of 1.4 mM in a total volume 100 ml.
Hydrolysis was monitored at 11 sec intervals by

fluorimetry in a fmax Microplate Reader (Molecular

Devices Corporation, California, USA). The wave-

length pair for excitation and emission was 370 nm/

460 nm (Oliveira et al. 1992). MCA concentrations

were calculated using standard curves.

The enzyme activity was also tested with MCA-

Gln-Ser-Ser-Arg-His-Arg-Arg-Ala-Leu-Gln-EDD-

np (3.6 mM final concentration). This substrate, when

hydrolysed in any one of its peptide bonds, emits

fluorescence of the MCA group, otherwise quenched

bytheEDDnpgroupwhenthesubstrateisintact.This

substrate was efficiently hydrolysed by the cysteine

endopeptidase and was therefore used to determine

the enzyme’s optimum pH and optimum tempera-

ture. The optimum pH was determined in 50 mM

sodium citrate/sodium phosphate buffer, 10 mM

DTT at several pHs. Optimum temperature was

determined in 50 mM sodium citrate/sodium phos-

phate buffer, pH 3.5, 10 mM DTT by incubating

the enzyme for 30 min at different temperatures.

Hydrolysis of the substrate was measured by reading

the increase in fluorescence at 320/430 nm after the

incubation.

Enzyme purification

Eggs from the 1st to the 12th day after oviposition

werehomogenizedinaPotter-Elvehjemtissuegrinder

with 10 mM phosphate buffer, pH 7.2 (0.1 g of eggs/

ml). The homogenate was centrifuged (16 000 g for

5 min) to remove the insoluble material and the

supernatant fraction was filtered through a sequence

of filters (AP glass fibre filter, 0.45 mm and 0.22 mm).

The sample (7 ml) was then applied onto a 0.5 cm

r5.0 cm Mono Q HR 5/5 (Pharmacia, Uppsala,

Sweden) column previously equilibrated with 10 mM

sodium phosphate buffer, pH 7.2, and eluted with a

0–0.8 M NaCl gradient in the same buffer system

at room temperature with a flow rate of 0.5 ml/min.

Fractions of 1.0 ml were collected. Fractions con-

taining activity (6–7 ml) were pooled and submitted

to autolysis. In this step, the pooled fractions were

acidified to pH 3.5 with 1.0 M citric acid and incu-

bated at 37 xC for approximately 3 h, after which the

sample was centrifuged at 3000 g for 15 min.

After centrifugation, the supernatant fraction was

concentrated in a Centricon-10 and applied onto a

1.0 cmr30 cm Superdex 75 HR (Pharmacia, Up-

psala, Sweden) column equilibratedwith 10 mMacet-

ate buffer, pH 4.0, using a Fast-Purification-Liquid

Chromatography system (FPLC) at room tempera-

ture with a flow rate of 0.3 ml/min. The pool of active

fractions was then applied onto a second Mono Q

HR 5/5 column (0.5 cmr5.0 cm), previously equi-

librated with acetate buffer 10 mM, pH 4.0. The en-

zyme was eluted with a 0–0.8 M NaCl gradient in

the same buffer. Enzyme activity in the fractions

was monitored with N-Cbz-Phe-Arg-MCA as sub-

strate.

Protein determination

Protein concentration was estimated by reading the

absorbance at 280 and 260 nm (Warburg&Christian,

1941) in a quartz microplate using a SpectraMax

microplate reader (Molecular Devices Corporation,

California,USA) or in a 1.0 cmquartz cuvette using a

spectrophotometer (Pharmacia, Uppsala, Sweden).

Protein concentration of column eluates was moni-

tored by absorbance at 280 nm.
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Enzyme purity

The enzyme purity was checked by capillary

electrophoresis as described (Kist, Termignoni &

Grieneisen, 1994). Briefly, the sample was labelled

with fluorescamine and applied to a capillary (75 mm
i.d.r52.35 cm) filled with 20 mM Na4B2O7, pH 9.3,

in methanol (15%, v/v), to which a potential of 13 kV

(30 mA) was applied. The components were detected

by a N2 laser-induced fluorescence detection system.

Fluorescamine was used in a very large excess in

order to assure all primary amino groups of the

protein were labelled and also to serve as an internal

standard.

Molecular weight determination

Samples were subjected to sodium dodecyl sulfate–

polyacrylamide gel electrophoresis (SDS–PAGE)

(14%) under non-denaturing and denaturing con-

ditions (Laemmli, 1970). The electrophoresis was

performed using a Bio-Rad Mini-Protean Cell II

unit. Resolving and stacking gels were 14% and 5%

polyacrylamide, respectively.

Sensitivity to inhibitors

The purified enzyme was incubated with 100 mM
phenylmethylsulfonyl fluoride (PMSF), 10 mM,

ethylenediaminetetraacetic acid (EDTA), 50 mM Na-

p-tosyl-lysine chloromethyl ketone (TLCK), 1.4 mM
pepstatin A, 100 mM chymostatin or 10 mM L-trans-

epoxysuccinyl-L-leucylamido(4-guanidino)-butane

(E-64) in 50 mM sodium citrate/sodium phosphate

buffer, pH 3.5, for 15 min at room temperature.After

addition of 10 mM DTT and a further 10 min incu-

bation at 37 xC, the inhibitory activity of those com-

pounds was determined by measuring the residual

enzymatic activity upon N-Cbz-Phe-Arg-MCA (as

described above).

RESULTS

Proteolytic activity in ovaries, eggs and larvae

Zymograms in native polyacrylamide gels with co-

polymerized gelatin were used to verify the presence

of proteolytic activity inB.microplusovaries, eggs and

larvae. Figure 1 shows that all extracts tested have

proteolytic activity at acid pH, indicated by the trans-

lucent bands in the gels. Enzyme(s) with proteolytic

activity from ovaries and eggs migrated less than

the larval proteolytic activity (Fig. 1), suggesting that

the endopeptidases present in eggs and ovaries can be

bigger than the ones present in larvae, or/and they can

associate strongly with itself or with other proteins.

The egg peptidase was selected for further studies.

Purification of the egg peptidase activity

An homogeneous enzyme preparation was achieved

in 4 steps. Crude egg extracts were applied onto a

MonoQ column and eluted with a 0–0.8 M NaCl

gradient (Fig. 2A). Almost all vitellin, the major re-

serve protein of tick eggs, was eluted in the flow-

through, while the enzyme eluted at 0.15–0.25 M

NaCl. Judging by the brownish colour, an amount of

vitellin was still contaminating the active fractions.

Vitellin was eliminated from the peptidase activity by

the autolysis step. Figure 3 shows an electrophoretic

analysis of the material after the autolysis, in the

presence and absence of E-64, a specific cysteine

endopeptidase inhibitor. The gels show that, as auto-

lysis proceeds, egg proteins with high molecular

weight are hydrolysed yielding intermediates of

lower molecular weight (Fig. 3). After a 60 min in-

cubation, the high molecular weight bands were

hardly visible, and after 180 min they virtually dis-

appeared. At this time, the only remaining visible

protein bands were of y55 and y30 kDa. At any

incubation time, hydrolysis was fully inhibited by

E-64, indicating that the reaction is carried out by a

cysteine endopeptidase.

Fig. 1. Analysis by zymogram of the proteolytic activity present in the extracts of Boophilus microplus ovaries, eggs and

larvae. The experiment was done using polyacrylamide (6%) gel electrophoresis containing co-polymerized gelatin (0.1%),

stained with Coomassie R-250. Proteolytic activity is indicated by the translucent bands in the gels. Samples: ovaries

dissected from females of 1, 2, 3 and 4 days after detachment from the bovine; extract of eggs 1, 3, 4, 5, 7, 8, 12 and 20 days

after oviposition; and extract of larvae of 5, 10, 15 and 20 days after (egg) hatching.
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After the autolysis step, the supernatant fraction

containing proteolytic activity was applied onto a gel

filtration column (Fig. 2B). The activity eluted at 17–

19 ml, coinciding with 1 of the major protein peaks.

These fractions were pooled and submitted to a se-

cond anion-exchange (MonoQ) column, equilibrated

with sodium acetate buffer, pH 4.0. Under these

conditions, some of the activity eluted in the flow-

through and the retained activity eluted as a single

sharp protein peak, at 0.3 M NaCl (Fig. 2C). An

outline of the purification is presented in Table 1.

The activity increased considerably after the first

purification step (Mono Q), and this sample was thus

taken as 100% activity to calculate yield and purifi-

cation fold. The increase in activity after the first

anion-exchange may be due to removal of vitellin

excess that interferes with the enzyme activity.

The purity of the enzyme preparation is demon-

strated in Fig. 4A, which shows a single protein band

in native PAGE. To confirm this result, the prep-

aration was also checked by free-zone capillary elec-

trophoresis, a more sensitive method. Again, only 1

protein signal was observed (Fig. 4C). In SDS–

PAGE (Fig. 4B), however, 2 protein bands, one of

approximately 17 000 Da and another of 22 000 Da

(Fig. 4B, lane 3), were observed, suggesting that the

peptidasemaybe a dimer. Surprisingly, these 2 bands

became 1 broad band, ranging from 13000 Da to

16 000 Da, under reducing conditions (Fig. 4B, lane

2). This is an indication that the endopeptidase has

peptide chains connected by disulfide bridges.

Optimum pH and temperature

Using a synthetic fluorogenic substrate, the cysteine

endopeptidase showed maximal activity at pH 4.0

(Fig. 5A) and the optimum temperature was 50 xC

(Fig. 5B).

Effect of inhibitors

The effect of a variety of compounds upon the activity

of the purified proteinase is shown in Table 2. As the

Fig. 2. Purification of the egg peptidase activity. (A)

MonoQ1 – egg homogenate was applied onto a MonoQ

column previously equilibrated with 10 mM sodium

phosphate buffer, pH 7.2. Proteins were eluted with

a 0–0.8 M NaCl gradient. (B) Superdex 75 – the

supernatant from the autolysis step (see Materials and

Methods section) was concentrated and applied onto

a gel filtration chromatography column equilibrated with

10 mM acetate buffer, pH 4.0. (C) MonoQ2 – fractions

from Superdex 75 showing activity were pooled and

applied onto a MonoQ column previously equilibrated

with 10 mM acetate buffer, pH 4.0; the sample was

eluted with a 0–0.8 M NaCl gradient. Protein elution

was monitored at 280 nm. Fractions were assayed upon

the substrate N-carboxybenzoyl-Phe-Arg-MCA.

The solid line represents protein elution, the dotted

line, enzyme activity and the stepped line, the salt

gradient.

Table 1. Purification protocol and recovery

Purification
step

Volume
(ml)

Protein
(mg)

Activity

Yield
(%)

Purification
foldTotal (U)* Specific (U/mg)

Extract 5.7 272 68 0.25 —# —
Mono Q 6.5 60 1688 28 100 1
Autolysis 5.9 14 1874 134 111 5
Superdex 75 2.8 3.7 1310 354 78 13
Mono Q 1.0 0.4 740 1947 44 70

* U=mFU/min.
# The activity present in the crude extract was not considered as 100% because enzyme
activity is increased after the first purification step.
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enzyme has no activity in the absence of DTT, this

compound was used to activate the enzyme prior to

determination of the residual activity. E-64, a specific

cysteine endopeptidase inhibitor, leupeptin, TLCK

and chymostatin completely inhibited the enzyme

activity. The enzyme was partially inhibited by

PMSFandwas insensitive to pepstatinA andEDTA.

The requirement for DTT and sensitivity to E-64

strongly suggest that the enzyme is a cysteine en-

dopeptidase.

Activity with synthetic peptides

The enzyme activity was evaluated upon a panel of

synthetic substrates (Table 3). As, in these substrates,

the hydrolysable amide bond is the one between

the peptide and the fluorophorous group, we could

identify the aminoacid residues at P1 and P2 subsites

that are preferred by the enzyme. Among them, the

higher activity was upon e-NH2-Cap-(SBzl)C-MCA

andN-carboxibenzoyl-Phe-Arg-MCA. The enzyme

also showed activity upon e-NH2-Cap-Leu-Phe-

MCA and e-NH2-Cap-Leu-(OBzl)Thr-MCA. No

activity upon the other peptidyl-methylcoumarin

substrateswas observed (Table 3). According to these

results, the enzyme was more active upon substrates

with a hydrophobic or a basic residue in P1, and a

hydrophobic reside in P2. This specificity pattern, a

basic residue in P1 and a hydrophobic residue in P2,

was also observed in peptidyl-p-nitroanilide sub-

strates (not shown).

Activity upon proteins

Zymograms showed that the partially purified en-

zyme was able to hydrolyse, in addition to vitellin,

haemoglobin, gelatin and bovine serum albumin

(BSA), whereas activity upon ovalbumin was barely

observed (Fig. 6). Activities from crude extracts are

also shown (Fig. 6, lane 3), although they were more

difficult to visualize because most of the translucent

bands were covered by the excessive amount of

protein from the extract.

DISCUSSION

Our results demonstrate the presence of an

endopeptidase activity in B. microplus unfed larvae,

ingurgitated female ovaries and eggs. Differences in

the electrophoretic migration of the endopeptidase

activities may indicate the presence of distinct en-

zymes in each tick stage or organ. Since eggs are very

Fig. 3. Analysis by SDS–PAGE (12.5%) of autolysis products. Active fractions from MonoQ1 were incubated at 37 xC,

in the presence or absence of E-64 (10 mM), after adjusting the pH to 3.5 with 1 M citric acid. At the indicated times,

aliquots (67 mg) were taken and analysed by SDS–PAGE (12.5%). The presence of E-64 is indicated by i. 180n shows

an assay done in sodium phosphate buffer, pH 7.2 (n=neutral). MW, molecular weight standards.

Table 2. Enzyme inhibition by proteinase inhibitors

(The purified Boophilus microplus egg enzyme was pre-incubated with the
indicated inhibitors for 15 min at room temperature, and assayed for residual
activity using N-Cbz-Phe-Arg-MCA as substrate.)

Inhibitor Specificity Concentration (mM) Inhibition (%)

E-64 Cysteine 0.01 100
Leupeptin Cysteine 0.01 100
TLCK Serine/cysteine 0.1 100
Chymostatin Serine/cysteine 0.1 100
PMSF Serine/cysteine 0.1 33
Pepstatin A Aspartic 0.001 0
EDTA Metallo 0.5 0
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rich in one single protein, vitellin, 13–7.5 mg VT/egg,

(Logullo et al. 2002) and its hydrolysis is of para-

mount importance for embryo nutrition, we decided

to investigate the egg vitellin-degrading activity.

Tick oogenesis starts in the female ovary soon after

blood feeding has begun. Vitellogenin produced in

the fat body, and present in the maternal haemo-

lymph, ismatured to vitellin,which then accumulates

in oocytes (Diehl, Aeschlimann & Obenchain, 1982).

Proteins, mainly vitellin, lipids and sugars constitute

the yolk granules, which are fundamental to embryo

development and larvae survival until they attach

to the bovine and start blood feeding. Certain

peptidases are transferred by endocytosis to the

oocyte during vitellogenesis (Diehl, Aeschlimann

& Obenchain, 1982). In some species, they ap-

pear to be synthesized extraovarially as inactive

pro-endopeptidases (Ribolla & De Bianchi, 1995;

Nussenzveig, Oliveira & Masuda, 1992), which are

associated with vitellin (VT) in the yolk granules and

activated by acidification (Fagotto, 1995). This seems

to be the case of the B. microplus egg endopeptidase

now described. This enzyme is tightly associated

with VT, whose contamination is easily detected by

the brownish colour conferred from its high heme-

binding capacity. Actually,B.microplus vitellin binds

more than 40 heme molecules per vitellin molecule

(Logullo et al. 2002). Several chromatographic pro-

cedures, including hydrophobic interaction and ad-

dition of 1 M glucose to the gel filtration buffer, were

attempted before we could successfully free VTDCE

fromVT. Incubation of the enzyme preparation with

endoglycosidase F was equally inefficient. Vitellin-

free VTDCE was obtained by VT degradation

achieved by acidification and subsequent incubation

of the active material eluted from the first Mono Q

column. The acidification required for VT degra-

dation, which does not occur at neutral pH, coincides

with VTDCE optimum pH. Clearly, pH alone is not

sufficient to degrade VT, as inhibition of the enzyme

activity with the cysteine inhibitor E-64 did not

result in substrate degradation despite the acid pH.

A similar example is a cathepsin B-like cysteine pro-

teinase from Drosophila that is associated to yolk

granules and blockage of acidification prevents yolk

degradation (Medina et al. 1988). Degradation of VT

Fig. 4. (A) Electrophoresis of the purified cysteine

endopeptidase (40 mg) in 1.5% native-polyacrylamide gel

(without SDS). (B) Electrophoresis of the purified cysteine

endopeptidase (50 mg) in SDS–PAGE (14%). (1)Molecular

weight standards (Low-Range Sigma); (2) enzyme reduced

by b-mercaptoethanol ; (3) enzyme without reduction.

Protein was detected by colloidal Coomassie staining.

(C) Capillary electrophoresis of the purified enzyme

(for experimental conditions see Materials and Methods

section). Peak 1 purified enzyme, peak 2 excess of

fluorescamine.

Fig. 5. Effect of temperature (A) and pH (B) on the

activity of partially purified cysteine endopeptidase

(after Superdex 75). The activity was tested upon MCA-

Gln-Ser-Ser-Arg-His-Arg-Arg-Ala-Leu-Gln-EDDnp

as described in the Materials and Methods section.

A. Seixas and others 160



by VTDCE was confirmed when purified VT was

incubatedwith purifiedVTDCE (results not shown).

This strong association between VTDCE and VT

may maintain the enzyme saturated with VT and

in this way increasing its hydrolysis. This could be

of physiological relevance for VT utilization by the

embryo. The VT would block the access of synthetic

substrates to the active site, thus explaining the in-

crease in the enzyme activity upon the N-Cbz-Phe-

Arg-MCA after the first purification step.

Analysis by native PAGE and capillary electro-

phoresis show that VTDCEwas obtained in a homo-

geneousform.Ontheotherhand,SDS–PAGE(under

non-reducing conditions) revealed 2 protein bands

(22 kDa and 17 kDa), indicating that the enzyme is

formedby 2non-covalently bound subunits. Another

possibility is that a fragment of VT remained bound

to the enzyme and was dissociated by SDS during

electrophoresis. This is unlikely, though, since the

preparation was not recognized by a polyclonal anti-

VT antibody (Da Silva Vaz Jr, Ozaki & Masuda,

1994) ; contamination, if present, would be less than

10x4 mgVt/mgVTDCE. In addition, this preparation

did not absorb at 400 nm (VT maximum absorbance

wavelength). Under reducing conditions, only 1 dif-

fuse protein band was observed, corresponding to a

molecular range from 13 kDa to 16 kDa. This result

suggests that each subunit observed in SDS–PAGE

would have at least 2 peptide chains linked by S-S

bridges. Heteropolymeric endopeptidases have

been described in eggs of other arthropods. Eggs of

the argaside tick. O. moubata has a cathespin L-like

acid proteinase that presents one peptide chain in

native-gelatin-copolymerised-gels and twochains (37

and 39 kDa) in gelatin-copolymerised SDS–PAGE

(Fagotto, 1990). Likewise, B. germanica contains a

cysteine protease with three polypeptides of ap-

proximately 29 kDa each (Liu et al. 1996).

The strict requirement of the purified enzyme for

DTT and its inhibition by E-64 and leupeptin in-

dicateVTDCE is a cysteine endopeptidase. Proteases

of the cysteine endopeptidase subclass often par-

ticipate in arthropod yolk degradation, as has been

reported for B. germanica, Drosophila melanogaster,

O.moubata andBombyxmori (Liu et al. 1996;Medina

et al. 1988; Fagotto, 1990; Kageyama & Takahashi,

1990).

VTDCE was able to hydrolyse the synthetic sub-

strates e-NH2-Cap-(SBzl)-Cys-MCA (that has a

hydrophobic aminoacid in P1) and N-Cbz-Phe-Arg-

MCA, which is a substrate highly susceptible to

hydrolysis by cathepsin L but is also hydrolysed

Fig. 6. Specificity of the partially purified enzyme upon natural substrates. A partially purified enzymewas electrophoresed

in polyacrylamide gels (7.5%) co-polymerized with 0.1% haemoglobin, 0.1% ovalbumin, 0.1% vitellin, 0.1% gelatin or 0.1%

albumin. After the electrophoretic separation, gels were incubated overnight in 0.1 M sodium acetate buffer, pH 3.5,

containing 5 mM DTT, at 37 xC. After incubation, gels were washed with water and stained with Coomassie Brilliant Blue

R-250. A see-through band indicates degradation of substrate by the enzyme. Lanes 1 and 2: partially purified enzyme after

MonoQ1 and Superdex 75, respectively; lane 3: whole egg extract.

Table 3. Activity of the purified enzyme upon fluorogenic peptide

substrates

(Purified VTDCE (7.6 mg) was incubated with 50 mM sodium citrate/sodium
phosphate buffer, pH 3.5, 10 mM DTT at 37 xC. After 10 min, the fluorogenic
substrates were added (100 mM, final concentration) to a total volume of 100 ml.
Hydrolysis was monitored at 370 nm/460 nm, in a fmax Microplate Reader.)

Fluorogenic substrates
Activity
(pmoles MCA/min) Activity (%)

e-NH2-Cap-(SBzl)-C-MCA 14.2 100
N-Cbz-Phe-Arg-MCA 10.20 72
e-NH2-Cap-Leu-Phe-MCA 1.29 9
e-NH2-Cap-Leu-(Obzl)-Thr-MCA 0.88 6
N-t-Boc-Glu-Ala-Arg-MCA 0 0
N-t-Boc-Gln-Ala-Arg-MCA 0 0
N-t-Boc-Gly-Arg-MCA 0 0
N-t-Boc-Ile-Glu-Gly-Arg-MCA 0 0
N-a-benzoyl-Lys-Arg-MCA 0 0
N-t-Boc-Gln-Val-Pro-Arg-MCA 0 0
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by cathepsin B (Medina et al. 1988). Based on this

specificity and the optimum pH (pH 4.0), we can

suggest that VTDCE is a cathepsin L-like enzyme.

We exclude the possibility that VTDCE is Bmc11, a

cathepsin L-like enzyme previously described in

B. microplus larvae, because they differ in substrate

specificity, sensitivity to inhibitors and optimum pH

(Renard et al. 2000). Further support to this idea is

that the synthetic substrates N-t-Boc-Glu-Ala-Arg-

MCA, N-t-Boc-Gln-Ala-Arg-MCA, N-t-Boc-Gln-

Val-Pro-Arg-MCA are hydrolysed byBmc11 but not

by VTDCE. The VTDCE, like most members of

the papain family, hydrolyses substrates with hydro-

phobic aminoacids in P1 and/or P2, or with arginine or

lysine residues in P1.

VTDCE hydrolyses haemoglobin, albumin, gela-

tin and vitellin. This shows that VTDCE has a broad

specificity, in agreement with its ability to fully de-

grade VT. Nevertheless, we believe that the physio-

logical substrate for VTDCE is vitellin, since VT is

the major protein of the yolk granule and is naturally

associated with the enzyme.

Altogether, our results demonstrate that VTDCE

is a major enzyme involved in yolk processing during

B. microplus embryogenesis. Another important B.

microplus enzyme implicated in this process is the

aspartic proteinase BYC (Boophilus Yolk pro-

cathepsin) (Logullo et al. 1998). Ticks fed on BYC-

vaccinated bovines presented functional bovine

immunoglobulins circulating in haemolymph (Da

Silva Vaz Jr et al. 1996). Moreover, cattle vaccinated

with BYC presented a partially protective immune

response against B. microplus infestation, mainly due

to a decreased number of fertile eggs (Da Silva Vaz Jr

et al. 1998). Considering that VT degradation re-

sults from the activity of both enzymes (BYC and

VTDCE), VT degradation would be even more im-

paired if, in addition to antibodies against BYC, bov-

ine antibodies against VTDCE could also be raised.
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