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Purification and Characterization of Two Cysteine
Peptidases of the Mediterranean Fruit Fly Ceratitis
capitata During Metamorphosis

Alejandro Rabossi,1 Veronika Stoka,2 Vida Puizdar,2 Vito Turk,2 and Luis A. Quesada-Allué1*

In holometabolous insects, there is a complete body remodeling from larva to adult. We determined in Ceratitis capitata that
the transition from pre-pupa to pupa, 40 to 48 h after puparium formation (h APF), is a key moment of metamorphosis; when
salivary glands, intestine, fat body, and muscles are in different stages of cell death. At 44–46 h APF, muscles from segments
1–3 (thoracic region) appeared fully disintegrated, whereas posterior muscles just started death processes. To understand
some of the biochemical events eventually involved in histolytic processes during early metamorphosis, two cysteine peptidases
coined “Metamorphosis Associated Cysteine Peptidase” (MACP-I and MACP-II) were purified to homogeneity from 40–46-h
APF insects. Both enzymes were inhibited by Ep-475, a specific inhibitor of papain-like cysteine-peptidases. MACP-I is a single
chain protein with an apparent molecular mass of 80 kDa and includes several isoforms with pI values of pH 6.25–6.35, 6.7,
and 7.2. The enzyme has an optimum pH of 5.0 and its pH stability ranges from pH 4.0 to 6.0. The molecular weight and
N-terminal sequence suggest that MACP-I might be a novel enzyme. MACP-II is an acidic single chain protein with a pI of pH
5.85 and an apparent molecular mass of 30 kDa. The enzyme is labile with a maximum stability in the pH range of 4.0 to 6.0
and an optimum pH among 5.0 to 6.0. MAPCP-II characteristics suggest it is a cathepsin B-like enzyme. Arch. Insect Biochem.
Physiol. © 2007 Wiley-Liss, Inc.
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INTRODUCTION

Metamorphosis in holometabolous insects is
the transition from the immature to the adult
forms. During this process, most of the larval tis-
sues are histolyzed and adult ones are generated
by expansion and differentiation of imaginal discs
and histoblasts. The whole process is triggered by
the molting hormone 20-OH-ecdysone (Riddiford

et al., 2003), which leads to the transcription of
metamorphosis-specific genes. The intermediate
metamorphic stage is called pupal stage, a period
of huge transformations. It is generally accepted
that pupation begins with the onset of larval-pupa
apolysis. We previously determined in the Medi-
terranean fruitfly (medfly) C. capitata that apolysis
occurs 20:30 h after puparium formation (APF)
(Rabossi et al., 1991). After apolysis, the secretion
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of pupal cuticle occurs and the insect remains with
the head invaginated and the thoracic appendages
undifferentiated (“cryptocephalic” pupa). The
transformation from “cryptocephalic” to “phanero-
cephalic” (everted head) pupa consists of head
evagination and the expansion of the thoracic ap-
pendages (Fig. 1). In C. capitata, this transition oc-
curs in a period of 6 h (40 to 46 h APF). Some
authors accepted that this is the end of the pupa-
tion process (Zdarek, 1985), but for C. capitata,
we proposed that pupation ends at 72 h APF, when
both the definitive shape of the head and final
body proportions are attained. At this moment, full
deposition of cuticle proteins is also complete
(Rabossi et al., 1991, 1992).

In higher Diptera, at a given time of pupation,
most of the larval tissues are at different stages of
histolysis process (Fig. 1). Relatively few studies
exist on the identity and role of peptidases during
the peculiar cell death process giving rise to com-
plete histolysis of larval tissues. In the Medfly, we
described a temporal correlation between meta-
morphosis progress and the overall lysosomal pro-
teolytic activity, catalyzed by aspartic and cystein
proteinases (Rabossi and Quesada-Allué, 2000).
This process involves the sequential dissociation
of fat body adipocytes, followed by nuclear and
cellular lysis (Rabossi et al., 2004). The aspartic
proteinase appears at the onset of pupation, simul-
taneously with the cystein peptidases shown here.
Recently, Gui et al. (2006) studied a similar Cathe-
psin D in the silkworm Bombyx mori.

In insects, cysteine peptidases were found to par-
ticipate mainly in four major events, (1) the hydroly-
sis of yolk proteins during embryogenesis (Zhao et
al., 2002, 2005), (2) proteolysis of dietary proteins
in the digestive tract of larvae (Brown et al., 2004),
(3) intracellular protein turnover in the lysosomes
(Scott et al., 2004) and, (4) larval tissue histolysis
during metamorphosis (Kawamura et al., 1984),
in particular fat body dissociation during metamor-
phosis (Kurata et al. 1990; Xu and Kawasaki, 2001).
Cysteine peptidases were also involved in B. mori
silk gland histolysis (Shiba et al., 2001) and in the
decomposition of the adult fat body during aging
and oogenesis (Yang et al., 2006).

We previously determined that the fat body
disintegration progresses in an anterior–posterior
way (Rabossi et al., 2004). We are currently assum-
ing that larval muscle histolysis must progress in
the same direction, taking into account that the
evagination of the head and inflation of the append-
ages is attained by abdominal muscles (Zdarek and
Friedman, 1986). Here we report the isolation and
partial biochemical characterization of the two
main cystein peptidases registered during early
metamorphosis of the Mediterranean fruit fly
(medfly) C. capitata, at the onset of the pupal stage.

MATERIALS AND METHODS

Chemicals

All the reagents were of analytical grade. The
substrates benzyloxycarbonyl-Phe-Arg-7-amido-4-
methylcoumarin (Z-FR-AMC) and benzyloxy-
carbonyl-Phe-Val-Arg-7-amido-4-methylcoumarin
(Z-FVR-AMC) were from Bachem (Bubendorf,
Switzerland). The cysteine peptidase inhibitor L-
3-carboxy-2,3-trans-epoxypropionyl-leucylamido-
(3-methyl)butane (Ep-475) was from the Peptide
Research Institute (Saitama, Japan). The gels
Sephacryl S-200, Thiol-Sepharose 4B, the chro-
matographic columns Mono S (HR 5/5) and
Superose 12, as well as the precasted gels for the
PhastSystem apparatus and the Broad pI Kit (pH
3.5 to 9.3) were from Pharmacia (Uppsala, Swe-
den). The protein assay kit was from Bio-Rad (Her-
cules, CA). Other reagents were from Sigma-Aldrich
(St. Louis, MO) unless otherwise stated. Stock so-
lutions of the substrates and the inhibitor were pre-
pared in dimethyl sulphoxide.

Insects

Wild type C. capitata (“INTA Arg 17”) were
reared on a carrot-based diet as described by
Quesada-Allué et al. (1994). Our results refer to a
standard life cycle at 23°C and 50–70% relative
humidity with a 16L:8D photoperiod (Rabossi et
al., 1992). Age within the puparium is expressed
in hours after (APF) or before (BPF) puparium for-
mation, starting at the definitive immobilization
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of the third instar larva, previously defined as “zero
time” (Rabossi et al., 1991).

Purification of Medfly Cysteine Peptidases

C. capitata (40–46 h APF) pupae were subjected
to homogenization and acid activation at pH 4.2.
The precipitated proteins from 30 to 70% ammo-
nium sulfate salting out were solubilized and dia-
lyzed in 100 mM sodium acetate buffer, pH 5.5,
containing 1 mM EDTA and 300 mM NaCl (buffer
1). The material was applied to a Sephacryl S-200
gel filtration column equilibrated at 33.3 ml/h flow
rate and 5 ml fractions were collected. After chro-
matography, the active fractions labeled as peaks I
and II were pooled, concentrated, and dialyzed
against 100 mM sodium phosphate buffer, pH 6.0,
containing 1 mM EDTA and 300 mM NaCl (buffer
2). Each active peak was further purified on Thiol-
Sepharose 4B covalent chromatography (Brockle-
hurst et al., 1973). Briefly, the gel matrix and the
sample were coupled by mixing at 37°C for 2 h.
Then, the column was filled with the mixture, and
after all of the unbound material was washed with
buffer 2, the bound proteins were eluted with 20
mM cysteine dissolved in the same buffer. The
bound active fractions were pooled, concentrated,
and dialyzed against 20 mM sodium acetate buffer,
pH 5.0, containing 1 mM EDTA (buffer 3) and sub-
jected to cation exchange chromatography on a
Mono S (HR 5/5) column of Pharmacia Fast Pro-
tein Liquid Chromatography (FPLC) system. After
elution of all unbound proteins with buffer 3, a
linear NaCl gradient in buffer 3 was applied (0–
0.7 M, 35 ml for peak I and 0–0.3 M, 45 ml for
peak II, respectively). The fractions were eluted at
1 ml/min flow rate. The peaks of activity were
named “Metamorphosis Associated Cysteine Pep-
tidase I” (MACP-I) and “Metamorphosis Associated
Cysteine Peptidase II” (MACP-II), respectively. SDS-
gel electrophoresis of MACP-II confirmed the pu-
rity to homogeneity of this peptidase. The pooled
active fractions corresponding to MACP-I were con-
centrated to 0.5 ml and further purified by gel fil-
tration on a Superose 12 column of Pharmacia
FPLC system. The column was equilibrated with

20 mM sodium acetate buffer, pH 5.0, containing
1 mM EDTA and 300 mM NaCl, at a flow rate of
0.5 ml/min. The active fractions were pooled and
the material submitted to SDS-gel electrophoresis
to assess the degree of purity. The protein concen-
tration was determined using Bio-Rad Protein As-
say, based on Bradford’s method. During the enzyme
purification, protein was routinely monitored by
measurement of absorbance at 280 nm on a Perkin
Elmer UV/VIS spectrometer Lambda 11.

Enzymatic Assays

Cysteine peptidase activity was monitored by
the hydrolysis of fluorogenic substrates Z-FR-AMC
or Z-FVR-AMC (Turk et al., 1994). Briefly, the re-
action was carried out in 150 mM sodium acetate
buffer, pH 5.5, containing 2 mM EDTA. Prior to
the reaction, the stock solution of the substrate
were dissolved in the reaction buffer (250 µM fi-
nal concentration). Ten microliters of the sample
was added to 490 µl of 2× reaction buffer plus 250
µl of dithiothreitol (2 mM final concentration) and
pre-incubated for 5 min at 37°C. Then, the mix-
ture was incubated for 10 min with 250 µl of sub-
strate (20 µM) and the reaction was stopped by
addition of 2 ml of 1 mM iodoacetic acid. The fluo-
rescence of the released aminomethylcoumarin was
measured on a Perkin Elmer Luminescence Spec-
trometer LS50B at excitation and emission wave-
lengths of 370 and 460 nm, respectively. One unit
of activity was defined as the amount of enzyme
that hydrolyses 1 µM substrate/min. To test the
cysteinase identity, the cysteine peptidase inhibitor
Ep-475 was pre-incubated with 200 µl of enzymatic
extract at 4°C, after which the reaction was triggered
by addition of the fluorogenic substrate and the mix-
ture incubated at 37°C as described above.

Optimum pH and pH Stability

The reaction buffers were 100 mM phosphate-
citrate buffer pH 2.0 to 7.0 and 100 mM Tris-HCl
buffer, pH 8.0. Optimum pH was determined by
incubation of the enzyme at 37°C; 5 min without
substrate and then 10 min, using Z-FVR-AMC for
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MACP-I and Z-FR-AMC for MACP-II as substrates.
The pH stability was determined by pre-incubation
of the enzyme at 37°C with the above buffers of
different pH in the absence of substrates (120 min
for MACP-I and 15 min for MACP-II). The residual
enzymatic activity was then measured as above,
during 10 min.

SDS-PAGE and Isoelectric Focusing

Sodium dodecyl sulfate polyacrylamide gel elec-
trophoresis (SDS-PAGE) was carried out on a
PhastSystem apparatus on a Phast-Gel Gradient 8-
25 for 30 min at 250 V, following the manu-
facturer’s instructions (Pharmacia). Samples (3 µl)
were diluted with 0.02% bromophenol blue in Tris
buffer pH 8.0 containing 2 mM EDTA, 5% SDS at
1:1 ratio (v/v). Samples were reduced by adding
10% 2-mercaptoethanol and boiled for 5 min. Af-
ter electrophoresis, the gel was stained with a
0.02% Phast-Gel blue R in 0.1% CuSO4 contain-
ing 30% methanol and 10% acetic acid. The gel
was calibrated using the following molecular mass
markers: phosphorylase B (94 kDa), bovine serum
albumin (67 kDa), ovoalbumin (43 kDa), bovine
erythrocyte carbonic anhydrase (30 kDa), soybean
trypsin inhibitor (20.1 kDa), and α-lactalbumin
(14.4 kDa). The isoelectric point (pI) of the cys-
teine peptidases was determined by analytical iso-
electric focusing (IEF) carried out on a PhastSystem
apparatus following the manufacturer’s instructions
(Pharmacia). The pH gradient 3 to 9 was per-
formed on a Phast-Gel IEF gel 3-9 at 2,000 V. Then,
3 µl of samples (~0.5 mg/ml) and the protein stan-
dards were applied on the above gel to be focused
for 30 min from 200 to 2,000 V. After electrophore-
sis, the proteins were fixed with 20% trichloroace-
tic acid and stained with 0.02 % Coomassie
brilliant blue R-250. For pI determination, the fol-
lowing proteins standards were used: amylogluco-
sidase (3.50), soybean trypsin inhibitor (4.55),
β-lactoglobulin A (5.20), bovine carbonic anhy-
drase B (5.85), human carbonic anhydrase B
(6.55), horse myoglobin-acidic band (6.85), horse
myoglobin-basic band (7.35), lentil lectin-acidic
band (8.15), lentil lectin-middle band (8.45), lentil
lectin-basic band (8.65), and trypsinogen (9.30).

Histological Studies

The pupae were fixed in Bouin fixative and af-
ter not less than 24 h fixation at room tempera-
ture, transvere sections between the 4th and the
5th segments were prepared and fixed again in
Bouin for 24 h. After two washes with distilled wa-
ter, the material is dehydrated with the classical
alcohol series, embedded in paraffin and sectioned
in a glass-blade microtome. Sections (10 µm) were
stained with hematoxylin-eosin, mounted and ana-
lyzed using a camera-attached microscope (Zeiss,
model Axioplan MC 80, Oberkochen, Germany).

N-Terminal Amino Acid Sequence

Prior to N-terminal sequencing, the samples
were desalted on a Chrompack chrom Spher C8
column on a LDC Milton Roy HPLC Chrompack
CromSpher C8 system (Oregon City, OR). The col-
umn was equilibrated at 1 ml/min flow rate and
extensively washed with 0.1% trifluoroacetic acid
and the proteins were eluted with a linear gradient
of 0–70% acetonitrile containing 0.1% trifluoro-
acetic acid. The protein concentration was detemined
by the UV monitoring at 215 nm and continuously
recorded. The samples were dried on a Savant Speed-
Vac apparatus and resuspended in 20% acetontrile.
The N-terminus of MACP-I and MACP-II were deter-
mined automatically according Edman’s degradation
on an Applied Biosystems liquid phase sequenator
475A. Phenylthiohydantoin derivatives were identi-
fied on line with the Applied Biosystems HPLC 120A.
The reduced and alkylated protein were hydrolyzed
with 6 M HCl at 110°C for 24 and 72 h. Amino acid
compositions were determined using a Beckman
118CL analyzer, by post-column fluorescence detec-
tion after reaction with o-phthaldialdehyde.

RESULTS

Early Metamorphosis Events

We followed the progress of Ceratitis capitata tis-
sue disintegration during metamorphosis in the
standardized life cycle (see Materials and Methods),
which includes the beginning and span of the his-
tolytic process for different tissues of C. capitata, from
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the end of the third larval stage (“zero time”) until
the end of the pharate stages (314 h APF) (Fig. 1).

During the last hours of the third larval stage,
the salivary glands and digestive tract showed the
first signs of histolysis (Fig. 1). Then, starting
around the time of larval-pupal apolysis (20 h 30
min APF), the anterior fat body and muscles cor-
responding to larval segments 1 to 4 progressively
disintegrated, ending at 72 and 44–46 h APF, re-
spectively (Fig. 1). The posterior fat body and
muscles (corresponding to the larval abdominal
region) started to disintegrate later, at 40 h APF,
just at the beginning of the pupal stage, i.e., when
the first pupal cuticle proteins are deposited
(Boccaccio and Quesada Allué, 1989). During this
transition from pre-pupa to pupa stages, called the
cryptocephallic stage, the head is invaginated and
starts to emerge at 44–46 h APF (Fig 1, bottom).
The fully evaginated head and definitive body pro-
portion are attained 72 h APF (Fig 1, bottom);
when the anterior fat body as well as most of the
salivary glands are fully disintegrated.

At 46 h APF, a pupal cuticle is already formed
(Fig. 2A,B). Figure 2 shows the degree of muscle
(Fig. 2C,D) and fat body (Fig. 2E,F) disintegration
at the time of head evagination (44–46 h APF).
The muscle cells corresponding to thoracic seg-
ments 1–3 are completely disintegrated (Fig. 2A,C).
However, at the same time, abdominal muscles
seem to remain normal (Fig. 2B,D). This was ex-
pected, since functional muscles are required to
start the peristaltic contractions leading to com-
plete evagination of the head and appendices (48
h APF). At 46 h APF, the nuclear membrane of the
anterior fat body cells started to dissociate whereas
the plasma membrane was less defined and diffi-
cult to recognize (Fig. 2E). A significant amount
of vesicles close to the plasma membrane was ob-
served (Fig. 2E). In agreement with the muscle im-
ages in the posterior region (Fig. 2D), the nuclei
and plasma membrane of the posterior fat body
remained normal (Fig. 2F).

Cystein Proteinase Activity

At the start of the pupal stage (40 h APF), which
is the time of maximum cystein peptidase activity,

we found that total cysteine peptidase activity ac-
counts for from 35 to 40% of the total proteolytic
activity against hemoglobin. The overall cysteine
peptidase activity 8 h before puparium formation
(end of Larval III stage) was 0.0121 E.U./mg and
then increased during the pre-pupal stage to 0.0287
Hb.E.U./mg protein at the time of apolysis (20:30
h APF, Fig. 1). The maximum activity attained was
40 h APF (0.0468 Hb.E.U./mg protein), which then
decayed to 0.0071 Hb.E.U./mg protein at 72 h APF
(anterior fat body full lysis). Thus the increase in
cysteine peptidase activity correlated well with both
the start of the pupal stage and with the observed
anterior muscles and fat body disintegration.

Isolation of MACP-I and MACP-II

Two main early metamorphosis cysteine pepti-
dases, “Metamorphosis Associated Cysteine Pepti-
dase-I” (MACP-I) and “Metamorphosis Associated
Cysteine Peptidase-II” (MACP-II), were purified
from C. capitata pupae 40–46 h APF that were dis-
rupted to release a rich proteolytic extract. This step
was followed by an acid activation at pH 4.2 and
a 30 to 70% ammonium sulfate salting out. The
resulting material was applied to a Sephacryl S-200
gel filtration column (Fig. 3A). The enzymatic ac-
tivity was monitored with the fluorogenic substrate
benzyloxycarbonyl-Phe-Arg-7-amido-4-methyl-
coumarin (Z-FR-AMC) and the activity profile
showed two main peaks, namely peak I (fractions
50–62) and peak II (fractions 80–90) (Fig. 3A).
These activities belonging to peak I and peak II
were abolished by the general papain-like cysteine
peptidases inhibitor, Ep-475 (97 and 99% inhibi-
tion, respectively). The pooled fractions belonging
to peaks I and II were separately purified by cova-
lent chromatography on Thiol-Sepharose 4B col-
umns (not shown) and the bound material further
analyzed by gel electrophoresis. The degree of pu-
rification attained is shown by SDS-PAGE profiles
of the adsorbed proteins (insets to Figure 3B and
C, respectively). The bound material resulting from
each covalent chromatography that exhibit cysteine
peptidase activity was subjected to cation-exchange
chromatography on Mono S columns, as shown
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Figure 2.

Figure 1.
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in Figure 3B and C. Both columns showed two peaks
of activity and for practical considerations the ma-
terial eluting at a high salt concentration was used
for further characterization. Thus, the enzymatic ac-
tivity associated to peak I that eluted at 0.3 M NaCl
(Fig. 3B) was denoted MACP-I. The last purifica-
tion step for this peptidase was carried out by gel
filtration on Superose 12 column (not shown).

The enzyme activity associated with peak II that
eluted at 0.6 M NaCl in Mono S column (Fig. 3C)
was denoted MACP-II. This material required no
further purification.

Biochemical Characterization of MACP-I and MACP-II

The material corresponding to MACP-I and
MACP-II purified to homogeneity showed activi-
ties that were enhanced in the presence of a re-
ducing agent such as cysteine or dithiothreitol and
inhibited by the cysteine peptidase inhibitor Ep-
475, thus confirming that the enzymes are cysteine
peptidases (not shown).

The purified MACP-I is a single chain protein
with an estimated molecular mass of 80 kDa, as

Fig. 1. Progression of larval tissue histolysis and main
developmental events during C. capitata metamorphosis.
The top bar represents the standardized life cycle. Age
within the puparium is expressed in hours after puparium
formation (APF) starting at “zero time.” The horizontal
lines indicate the span of each tissue histolysis; dashed
ends indicate the degree of uncertainety. Bottom schemes
(left) represent the transition from cryptocephalic to de-
finitive body size pupae, drawn from microscope obser-
vations as shown (bottom right). (a) “Zero time” of
metamorphosis; (b) larval-pupal apolysis (20:30 h APF);
(c) cryptocephalic pupa; beginning of the pupal stage (40
h APF); (d) head eversion (48 h APF); (e) definitive body
proportions (72 h APF); (f) beginning of the pharate adult
stage (144 h APF); (g) imago ecdysis (314 h APF).

Fig. 2. Fat body and muscle disintegration. A,C, E, and B,
D, F: anterior and posterior regions of the body, respectively.
A,B: Trasversal cut (400×). Solid arrows = the puparium; solid
diamonds = pupal cuticle; dashed arrows = muscles; dotted
arrows = fat body. C,D: Longitudinal muscles (1,000×). E,F:
Fat body cells (1,000×); oval arrows = plasma membrane.

seen on SDS-PAGE under non-reducing (Fig. 4A,
lane 1) and reducing (Fig. 4A, lane 2) conditions,
respectively. Upon IEF, the enzyme exhibited a ma-
jor isoform with a pI between 6.25–6.35 and two
minor ones with pIs of 6.7 and 7.2, respectively
(Fig. 4B, lane 1). During the isolation procedure,
the enzyme activity was routinely followed using
the Z-FR-AMC substrate. However, the rate of sub-
strate hydrolysis was considerably higher with Z-
FVR-AMC. The latter substrate was further used to
determine the optimum pH (5.0) and pH stability
(4.0 to 6.0) of this enzyme, as shown in Figure
5A. The N-terminus of MACP-I, VNIESDTADQ,
showed a very low sequence homology compared
to other N-terminal sequences from insects, inver-
tebrates, or higher eukaryotes.

The purified MACP-II is a single chain acidic
protein with an apparent molecular mass of 30 kDa
(Fig. 4A, lanes 4–5) and pI close to pH 5.85 (Fig.
4B, lane 3). MACP-II has a broad optimum pH
from 4. to 6.0, as monitored using Z-FR-AMC sub-
strate (Fig. 5B). No activity was registered at pH
7.0 probably due to a rapid inactivation at a pH
higher than 6.0 (pH stability had to be assayed
after 15 min incubation since longer times rapidly
abolished the activity) (Fig. 5B). The N-terminal
sequence of MACP-II, LPEQFE-P-QF, suggested that
it is a cathepsin-like enzyme and showed a con-
sensus proline residue in the second position,
which is shared by cysteine peptidases, clan CA,
which include papain, cathepsins, and other pa-
pain-like enzymes (Rawlings and Barrett, 2004).

DISCUSSION

This is the first report of two cysteine peptidases
(MACPs) of C. capitata isolated during metamor-
phosis and purified to homogeneity (Fig. 4A).
MACP-II is a papain-like enzyme, whereas MACP-
I apparently represents a novel cysteine peptidase.
Using inhibition assays with E-64, the total cys-
teine peptidase activity accounts for from 35 to
40% of the total proteolytic activity against hemo-
globin at 40 h APF, which is the time of maximum
cystein peptidase activity. The remaining 60% of
proteolytic activity corresponds to the previously
described aspartic proteinase (Rabossi et al., 2004).
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Fig. 3. Purification of 40–46-h APF cystein peptidases.
A: Gel filtration elution profile. A 30–70% ammonium
sulphate fraction was applied to a Sephacryl S-200 col-
umn. Open triangles = Protein concentration (A280). Solid
squares = Enzymatic activity monitored by cleavage of Z-
FR-AMC substrate. B,C: Cation-exchange chromatography.
Fractions I and II as in A were first chromatographed in
covalent Thiol-Sepharose columns and the respective ac-
tive peaks were poured in Mono-S columns and eluted as
shown. Straight lines indicate NaCl linear gradients; (—)
protein concentration; (•) enzyme activity. The insets to
B and C show the respective SDS-PAGE of the unbound
(lane 1) and eluted (lane 2) substances from Thiol-
Sepharose columns. Vertical arrows indicate the selected
active fractions coined MACP-I (B) and MACP-II (C).

Fig. 4. SDS-PAGE and iso-
electric focusing of MACP–I
and MACP–II. A: SDS-PAGE
was carried out under non-
reducing (lanes 1 and 4) and
reducing (lanes 2 and 5) con-
ditions; lane 3: protein stan-
dards. B: Isoelectric focusing;
lane 2: protein standards.

The two peptidases, MACP-I and MACP-II, were
purified from medflies at 40–46 h APF, the transi-
tion period from pre-pupa to the pupal stage
(Boccaccio and Quesada-Allué, 1989). At 40 h APF,
the cryptocephalic pupa, has not yet everted its
head and appendages (Rabossi et al., 1992), and
the thoracic muscles (not shown) and digestive
tract are at the terminal lysis phase of the histolytic
process (Fig. 1). Meanwhile, the salivary glands and
the anterior fat body (Fig. 1) are in an advanced

stage of tissue disruption. In contrast, at 40 h APF,
the abdominal muscles and posterior fat body are
just starting histolysis. The time of head eversion
(44–48 h APF) is coincident with the end of ante-
rior muscles disintegration, intermediate fat body
disintegration, and cystein proteinases activity.
Thus, a good correlation was established among
these histolytic events.

The N-terminal decamer from MACP-I (VNIES-
DTADQ) is rich in amino acids that scored poorly
in most sequence comparisons. Moreover, a BLAST
search (Altschul et al., 1990) identified proteins
with sequence homologies below 40%, and in spite
of the conserved Aspartic in the 6th position
(present in papains), no cysteine peptidases were
found. The sequence showed very low homology
when compared to any other protein from eukary-
otes. These preliminary data suggest it might be a
papain-like novel cysteine peptidase.

The sequence alignment of MACP-II amino-ter-
minus LPEQFEXPXQF also suggested that it is a
papain-like enzyme. Table 1 shows the compari-
son of the biochemical properties of MACP-II with
those of other dipteran and lepidopteran Cathep-
sin B-like peptidases. For comparative purposes, the
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human cathepsin B was included. The average mo-
lecular masses and pI values of other insect Cathe-
psin B’s are calculated from their amino acid
sequences (mature form) as described by Gasteiger
et al. (2005). In general, the molecular mass of a
large group of cysteine peptidases belonging to clan
CA include papain, different cathepsins, insect ho-
mologs of papain, viral and parasite peptidases,
ranging from 24 to 30 kDa (Rawlings and Barrett,
2004). The calculated MW of different insect cathe-
psins B range from 26,201 to 28,268 Da, which

TABLE 1. Calculated Molecular Mass (MW) and Isoelectric Point (p I) of
Insect-Type Cathepsin B in Comparison With C. capitata MAPC-II and
Human Cathepsin B. (D): Diptera; (L): Lepidoptera

Source GenPept Lengtha (aa) MW (Da) p I

C. capitata MACP-II D — — 30,000b 5.85
A. gambiae D EAA09183c 239 26,201 6.55
D. melanogaster D AAF48317d 249 27,500 6.23
G. morsitans D AAK07477e 248 27,628 6.56
S. peregrina D BAA04103f 256 28,268 6.10
B. mori L BAB40804g 247 27,376 5.79
H. armigera L AAF35867h 247 27,490 6.06
L. obliqua L AAV91452i 247 27,019 5.78
H. sapiens — AAA52129j 248 27,119 5.21

aLength of the mature form.
bExperimental data from SDS-PAGE in Figure 4A.
cHolt et al., 2002.
dAdams et al., 2000.
eYan et al., 2002.
fTakahashi et al., 1993.
gXu and Kawasaki, 2001.
hZhao et al., 2002.
iVeiga et al., 2005.
jChan et al., 1986.

Fig. 5. Optimum pH and stability of the purified cystein
proteases. The activity was measured using Z-FVR-AMC
for MACP-I and Z-FR-AMC for MACP-II as subtrates. The
pH stability was determined by pre-incubation of the en-
zymes in the absence of subtrates (120 min for MACP-I
and 15 min for MACP-II). The residual enzymatic activity
was then measured as described in Materials and Meth-
ods. Optimum pH (solid squares) and pH stability (open
triangles) of MACP-I (A) and MACP-II (B).

are of similar magnitude to that of the human ho-
molog (Table 1). The higher apparent molecular
mass (around 30 kDa, Fig. 4A, Table 1) of MACP-
II might be due to glycosylation, which occurs in
human cathepsin B at Asn192 and Asn289 (Chan et
al., 1986). Three putative N-glycosylation sites were
also reported for the S. peregrina homolog (calcu-
lated MW: 28,268 Da) (Takahashi et al., 1993).
Insect cathepsin B’s pI values range from pH 5.78
to 6.10, whereas MACP-II’s pI was pH 5.85 (Table
1). Interestingly, cathepsin B’s from Diptera have
a pI ranging from pH 6.10 to 6.55, whereas those
from Lepidoptera range from pH 5.78 to 6.06.
Thus, MACP-II pI is closer to the lepidopteran
group than to that of other flies. MACP-II as well
as other insect cathepsin B’s exhibit biochemical
features that are shared by human cathepsin B such
as substrate specificity, optimum pH, and pH sta-
bility (Turk et al., 1994). Moreover, the previously
reported optimum pH of insect cathepsin B and
that of MACP-II are similar, respectively, pH 5.0
and 6.0 (Shiba et al., 2001; Hernandez et al., 2003).

Kurata et al. (1992a) reported the isolation of
a 29-kDa hemocyte cysteine peptidase involved in
the dissociation of the flesh fly S. peregrina larval
fat body. After pupariation, pupal hemocytes spe-
cifically express a 200-kDa surface protein essen-
tial for recognition of the fat body cell basement
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membrane (Kobayashi et al., 1991). Then, the
hemocyte cysteine peptidase is excreted, digesting
the basement membrane and starting the fat body
cell dissociation (Kurata et al., 1992b). Dorsey and
Lockshin (1983) reported that a cathepsin B-like
peptidase is active during the degradation of the
abdominal intersegmental muscles of the moth,
Manduca sexta. Cathepsin B was found in the
phagosomes of Drosophila S2 cells (Kocks et al.,
2003), the gut of the tsetse fly (Yan et al., 2002),
the ovarian follicles of the mosquito, Culex pipiens
(Uchida et al., 2001), and in the flesh fly S.
peregrina (Homma, 2004). In particular, a cathep-
sin B related to vitellogenin digestion was described
in the mosquito Aedes aegypti (Cho et al., 1999).
Other papain-like enzymes were described in dif-
ferent hemimetabolous and holometabolous in-
sects (Homma, 2004).

We can conclude that the novel cysteine pepti-
dases of C. capitata described here seem to play an
important role during early metamorphosis. Two
of them, MACP-I and MACP-II, were purified to
homogeneity and some of their biochemical
properties were determined. The results of this
study, together with previously published data
(Rabossi et al., 2004, Gui et al., 2006), suggest that
these peptidases might participate in tissue disso-
ciation and degradation during pupation.
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