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Abstract — Variations in proteinase activity pattern in larva, pupa and imago of the solitary bee Megachile
rotundata are described. Extraction of insect homogenates under mild conditions was followed by the
electrophoretic separation of the protein extract in polyacrylamide gels, precast with either gelatine or
pollen protein extracts. In these conditions, twelve distinct proteinases were detectable in the pooled I-IV
instar larvae, six in the pollen-eating V instar, two in the mature V instar, none in the diapausing V instar,
none in the pupa, and two in the imago. Some of the detected proteinases were able to digest the protein
mixture extracted from the pollen provisions. Some proteinases were insect specific since they were not
detectable in pollen provisions extract. The enzymologic properties of the major proteolytic band suggest

its serine-proteinase nature.

solitary bee / Megachile rotundata / development / proteinase / zymography

1. INTRODUCTION

In recent years both natural and transgenic
protein-inhibitors of proteinases have received
great attention for their potential use in inhib-
iting the digestive process of developing larvae
of pest insects (Hilder et al., 1987; Johnson
et al., 1989; Ryan, 1990). As a consequence, a
wide range of investigations have been focused
on the characterisation and identification of
different target proteinases in a variety of insect
orders: Lepidoptera, such as Agrotis (Purcell
etal.,, 1992), Cydia (Christeller et al., 1992),
Spodoptera (Lee and Anstee, 1995), Lymantria
(Valaitis, 1995), Heliothis (Johnston et al.,
1995), Ostrinia (Bernardi et al., 1996), Bombyx
(Nobuyasu and Yamashita, 1997), Sesamia
(Novilloetal., 1999), Pieris (Broadway, 1995);
in Coleoptera, such as Adalia (Murdock et al.,
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1987; Walker et al., 1998), Tenebrio (Dadd,
1956; Jang et al., 1998) and Tribolium (Blanco-
Labra et al., 1996); in Diptera, such as Aedes
(Fisk, 1950) and Aenopheles (Berner et al.,
1983; Vizioli et al., 2001); in Hemiptera, such
as Dysdercus (Khan and Ford, 1962); and in
Orthoptera, such as Locusta (Khan, 1963). The
potential damage of protein-inhibitors on the
digestive proteinases of beneficial insects has
received less attention. Some proteinases have
been described in Hymenoptera such as Vesp-
ula (Grogan and Hunt, 1977), Solenopsis (Botos
et al., 2000) Apis (Dahlmann et al., 1978) and
Scaptotrigona (Shumakeretal., 1993). In Bom-
bus terrestris, some proteinases have been inves-
tigated by testing the effect of proteinase inhib-
itors on the survival of worker bumblebees
(Malone et al., 2000).
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The solitary bee Megachile rotundata (Fab-
ricius) is the most effective pollinator of alfalfa,
it is commercially available and is extensively
used in crop breeding (Pesenko, 1982; Krunic¢
et al., 1995; Piano et al., 1998). It provides its
brood with pollen actively collected during its
foraging activity (Horne, 1995a). Pollen is stored
in a pedotrophic cell built by lining the internal
surface of a pre-existing tunnel with leave frag-
ments (Horne, 1995b). An egg is laid on the
pollen provision and subsequently the cell is
sealed (Fairey et al., 1989; Pinzauti, 2000). After
the egg hatches, the larva develops throughout
five instars (Banaszak and Romasenko, 1998)
feeding on the provisioned pollen. The pollen
intake stops when the mature fifth instar is
reached. After the cocoon is spun, the larva
enters a seven to -nine month diapause period
followed by metamorphosis and pupation.
Throughout ontogenesis, proteolytic enzymes
digest pollen proteins and are involved in pro-
tein phenotype remodelling. Thus, the use of
proteinase protein-inhibitors could have dra-
matic consequences on the population of this
beneficial insect. To our knowledge, no infor-
mation is available on the pattern of proteolytic
enzymes in Megachile rotundata during ontogen-
esis.

The aim of this work is to describe the pat-
tern of the major proteinases during the ontogen-
esis of Megachile rotundata by means of zimog-
raphy (Heussen and Dowdle, 1980). Various
proteinases also have been described in both
the pollen provisions (Grogan and Hunt, 1979;
Schumaker et al., 1993) and in alfalfa leaves
used to line the brood cells (Gonnelli et al., 1985)
which would potentially contaminate our larval
extracts. Therefore, the proteinase activities in
the crude extract of alfalfa leaves and pollen
provision were investigated.

2. MATERIALS AND METHODS

2.1. Chemicals

Chemicals and high-purity solvents were obtained
from Sigma Chemical (St Louis, MO).

2.2. Biological samples

Insect specimens came from a releasing and rear-
ing campaign performed in the coastal area of Tus-

cany (Italy) during the June—July 1999 in the Labo-
ratory of Apidology of Pisa University. Five larval
stages were identified on the basis of both size and
presence of the previous instar exuvia (Rust et al.,
1989). Because of their small size, larvae belonging
to the first, second, third and fourth instars were
pooled before analysis (sample 1), while the fifth
instar larvae were separated into the following three
subgroups: pollen-eating V instar (sample 2), mature V
instar (sample 3) and diapausing V instar (sample 4).
Pupae were collected as they reached the black eye
stage (sample 5). The female imagos were collected
during nesting activity (sample 6).

The leaves and pollen grains were collected from
the pedotrophic nest. All samples were stored frozen
at —20 °C until used.

2.3. Crude extracts preparation

After thawing, insects, pollen and leaves were
homogenised with 50 mM Tris-HC1 pH 8.0 (0.1 g of
insect/mL of buffer, 0.25 g of pollen/mL of buffer,
0.1 g of leaves/mL of buffer) at room temperature.
Sixty specimens of each sample were used for
extraction, 3 extractions of 20 specimens each. Five
g of pollen and 3 g of leaves, coming from 30 pedo-
trophic cells, were used for extraction for a total of
3 extractions. The homogenates were then centri-
fuged at 2500 x g for 15 min at 4 °C for debris
removal and at 30 000 x g for 40 min at the same tem-
perature for supernatant clarification. Total protein
content was determined by the colorimetric method
of Bradford (1976) using ovalbumin as reference
protein and equalized in the different samples by
dilution with the same buffer. The supernatants were
then stored at —20 °C until analysed.

2.4. Zymography

Zymography was performed in a Miniprotean II
apparatus (Bio-Rad Laboratories, Hercules, CA).
Proteins in the clarified extracts from the pollen,
leaves and each bee sample underwent proteolytic
activity-staining electrophoresis (Heussen and Dowdle,
1980), using 0.1% gelatine as precast protein sub-
strate in a discontinuous 12% T Laemmli’s electro-
phoresis system under semi-denaturing conditions
(before loading, samples were 1:2 diluted with 2%
SDS without boiling). No B-mercaptoethanol was
added. Ten UL of each clarified extracts (=15 ug of
proteins) were loaded in each lane. After electro-
phoresis, gels were shaken gently at room tempera-
ture for 30 min in 100 mL 2% Triton X-100 in water
toremove SDS and restore full enzyme activity. Gels
were then transferred to a bath containing 100 mM
Tris-HCI buffer, pH 8.0 and kept under mild shak-
ing, at 37 °Cfor 2 hours, then stained with 0.1% Blue
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Table I. The effect of various serine-proteinases
inhibitors on the activity of the major band (Rm 0.48).

Inhibitor % Inhibition
Leupeptin (20 uM) 100
Pancreatic bovine trypsin inhibitor 93
(Kunitz) (20 uM)

Soybean Trypsin Inhibitor (20 uM) 93
Tosyl-Lysine chloromethyl ketone 86
hydrochloride (TLCK) (2 mM)

Lima Bean trypsin inhibitor (20 uM) 84
Phenylmethylsulfonyl fluoride (PMSF) 80

(2 mM)

Chicken egg white ovomucoid, Type III 60
(20 uM)

Bowman Birk Inhibitor (20 uM) 46

R250 Coomassie and de-stained with 40% methanol
and 10% acetic acid.

Zymography of extracts from each larval sample
was also performed with gel cast with 0.1% pollen
extract instead of gelatine, to assess the activity of
the identified proteinase(s) on the actual protein-
substrates. Each electrophoresis run was repeated
five times.

The major activity band (see below under Result
section) was chosen for inhibition, optimal pH activ-
ity, thermal stability and molecular mass estimation.
For the inhibition assay, the slabs were incubated
separately in 2% Triton X-100 for 30 min, then at
37 °Cfor2hoursin 100 mM Tris-Cl pH 8 buffer con-
taining the inhibitor; a total of eight inhibitors were
tested. The inhibitors and the concentrations used are
reported in Table I. The same experiment was car-
ried out testing 2 mM of MgCl,, MnCl,, CaCl,,
CoCl,, EDTA. For the optimal pH activity assay,
electrophoretic slabs of the same crude extract sam-
ple were incubated each in 2% Triton X-100 for
30 min, then at 37 °C for 2 hours in a 100 mM buffer.
The buffer was Tris-acetate at pH 5, 6 and 7; Tris-
HCl at pH 8 and pH 9; and Borate at pH 10 and 11.
For the thermal stability assay, 10 aliquots of the
crude extract of the sample corresponding to the cho-
sen electrophoretic lane were separately incubated
for 10 min at 4 °C, 25 °C, 30 °C, 35 °C, 40 °C,
45 °C, 50 °C, 55 °C, 60 °C, and 65 °C prior to the
electrophoresis run.

2.5. Gel analysis

Single lanes were densitometrically scanned and
data analysed by means of the Quantity One 4.2.3
software (Bio-Rad Laboratories). White bands were

identified and circled and the activity was expressed
as the sum of the pixel intensities abbreviated as p.i.

2.6. Determination of molecular mass
of the major active band

A volume of 200 puL of sample 1 crude extract
solution (14.5 mg/mL) was fractionated by gel-fil-
tration on a Superdex 75 HR 10/30 column, equili-
brated and eluted with 100 mM Tris-HCI, pH 8, con-
taining 50 mM NaCl, at a flow rate of 0.4 mL/min.
The eluate was monitored by absorbance at 280 nm;
the fractions were spectrophotometrically tested for
activity by using N-Benzoyl-Phenylalanyl-Valyl-
Arginine-p-Nitroanilide as substrate (Erlanger et al.,
1961). The fractions containing the major activity
peak were pooled. The molecular mass was then cal-
culated by applying markers protein of known molec-
ular mass to the same column in the same buffer and
rate flow condition as the crude extract. Standard
markers were bovine serum albumin (66 kDa), oval-
bumin (45 kDa), mioglobin (16.95 kDa) and apro-
tinin (6.5 kDa).

3. RESULTS

3.1. Proteolytic pattern variations

Figure 1 shows the PAGE zymography on a
gelatine precast gel, of protein extracts from
Megachile rotundata at different developmen-
tal stages with the scanning record (trace)
super-imposed on each lane. In the pooled I-IV
instar larvae, twelve activity bands of different
intensities were revealed, with Rm ranging
from 0.03 to 0.50 (lane 1) and a major activity
band at 0.48 Rm. In the pollen-eating V instar
(lane 2), six bands were detectable, and in the
following mature V larval stage (lane 3), only
two bands were visible. In the diapausing and
pupa stages (lane 4 and lane 5) no proteolytic
activities were observed. In the imago extract,
two very faint bands at 0.48 and 0.50 Rm were
detectable.

The 3D-histogram in Figure 2 shows the
activity of each proteolytic band for all the sam-
ples investigated. As soon as the IV instar
development was complete, the band intensi-
ties decreased at different rates. Only the bands
at 0.03 and 0.07 Rm were still detectable in the
mature larva. After this stage, all proteinases
became undetectable until the imago stage was
reached, when the 0.48 Rm band showed an
intensity corresponding almost to the 5.6% of
the initial value of the pooled I-IV instar larvae.
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Figure 1. Gelatine-precast zymography PAGE of crude extract of Megachile rotundata. Proteins were
separated in 12% T polyacrylamide gel containing 0.1% gelatine and incubated in 100 mM Tris-HCI, pH 8
at 37 °C for two hours. The slabs were stained with Coomassie Blue and de-stained. Sixteen g of crude
protein extracts were loaded per lane. Lane 1, pooled I-1V instar larvae; lane 2, pollen-eating V instar larva;
lane 3, V instar mature larva; lane 4, diapausing larva; lane 5, pupa; lane 6, imago. Densitometric records
are superimposed. Rm value for each activity band is shown.
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Figure 2. Densitometric evaluation of proteinase activities detected by zymography of larval, pupal and
imago crude extract.

When the partially denatured artificial pro- in sample 1 and of only one band (Rm 0.03) in
tein substrate (e.g. gelatine) was replaced by  sample 2 was observed (Fig. 3).
the natural protein substrate (e.g. the protein Figure 4 shows a single proteolytic band that

extract of the pollen provisions) the disappear-  occurs in the crude extract of the pollen provi-
ance of the two broad bands (Rm0.03and 0.15)  jon at 0.48 Rm and 1693 p.i. activity. Under
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Figure 3. Pollen-precast zymography PAGE of crude extract of Megachile rotundata. Proteins were
separated in 12% T polyacrylamide gel containing 0.1% pollen and incubated in 100 mM Tris-HCI, pH 8 at
37 °C for two hours. The slabs were stained with Coomassie Blue and de-stained. Thirty-two pg of crude
protein extracts were loaded per lane. Lane 1, pooled I-IV instar larvae; lane 2, pollen-eating V instar larva;
lane 3, V instar mature larva; lane 4, diapausing larva; lane 5, pupa; lane 6, imago. Rm value for each activity

band is shown.

the same experimental conditions, no proteo-
lytic activity was detectable in the extract of
alfalfa leaves sampled in the pedotrophic nest
(data not shown).

3.2. Partial characterisation
of the major active 0.48 Rm band

Figure 5 shows the activity variation of the
protease within the pH range investigated. The
curve shows an activity range between 7 and 11
with a maximum peak between 8 and 9.

When the PAGE slabs of the I-IV instar
extract were developed in the presence of sev-
eral natural and synthetic proteinase inhibitors,
the results reported in Table I were obtained. The
activity was inhibited according to the inhibitors
used. In particular Leupeptin, Pancreatic bovine
trypsin inhibitor (Kunitz), and Soybean Trypsin
Inhibitor inhibited between 90% and 100%. Di-
valent and/or monovalent cations and EDTA
had no effect on the activity (data not shown).

Figure 6 shows a thermal stability of this
proteinase activity up to 45 °C. Beyond this

temperature the activity rapidly decreased to
zero at 65 °C.

The pooled I-IV instar larval stage was applied
on the Superdex 75 column and the eluted frac-
tions were spectrophotometrically analysed for
proteolytic activity using N-Benzoyl-Phenyla-
lanyl-Valyl-Arginine-p-Nitroanilide as a sub-
strate. The major activity peak emerged at an
elution volume of 12.4 mL, which when com-
pared with the elution volumes of the used
markers, gave a25.6 kDa molecular mass (Fig. 7).
The fractions containing the major activity
peak were pooled and analysed by PAGE
zymography and only one band at Rm 0.48 was
detected (data not shown).

4. DISCUSSION

In this work we demonstrated variation in
the expression profile of several soluble protei-
nases during ontogeny of the solitary bee Meg-
achile rotundata by zymography PAGE in
which the use of gelatine as the precast protein-
substrate allowed detection of several bands
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Rm 0.48

Figure 4. Gelatine-precast zymography PAGE of
pollen provision sampled from the pedotrophic cell
of Megachile rotundata. Proteins were separated in
12% T polyacrylamide gel containing 0.1% pollen
and incubated in 100 mM Tris-HCI, pH 8 at 37 °C
for two hours. The slab was stained with Coomassie
Blue and de-stained. Twenty-five [1g of crude protein
extracts were loaded. Densitometric record and the
Rm value is shown.
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Figure 5. pH activity profile of the major band (Rm
0.48) of the sample 1 (pooled I-IV instar larvae).
Gelatine-precast zymography PAGE of the crude
extract of sample 1 was carried out as in Figure 1
with the only exception being the incubation
buffer. The incubation buffer at pH 5, 6 and 7 was
100 mM Tris-acetate; at pH 8 and 9 was 100 mM
Tris-HCI; and at pH 9 and 11 was 100 mM Borate.

present in a given crude extract. The gelatine is
a mixture of denatured proteins and peptides of
various lengths and as such is a good substrate
for proteolytic enzymes with different sub-
strate specificities. The use of sensitive scan-
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Figure 6. Thermal stability of sample 1 (pooled I-
IV instar larvae) major band proteinase (Rm 0.48).
The samples were incubated at the reported
temperature for 10 min before the electrophoresis
separation. The zymography was carried out as in
Figure 1.
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Figure 7. Molecular mass determination of the ma-
jor component of the activity band. Plot of the elu-
tion volume vs. log molecular mass for the sample
1 major band proteinase (Rm 0.48) and the marker
proteins on Superdex 75 HR 10/30.

ning and quantifiable method renders it a useful
tool for a comparative investigation of protei-
nase patterns in various biological samples
(Vaccari et al., 1998; Nanni et al., 2001). We
compared the detectable proteolytic activity of
different extracts all treated under identical
experimental conditions.

The most active band appeared in the [-IV
instar larvae which are characterised by high
growth rate and pollen intake. Both number and
intensity fall to zero in the following instar in
which no pollen intake occurs. Due to our
experimental conditions, proteolytic enzymes
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required by re-modelling process in prepupae
and pupae, may have been overlooked. Our
results suggest that the 0.48 Rm band relates to
growth and pollen intake.

The presence of the faint active bands in the
imago extract could be due to feeding on pollen
by the adult during its first days of imago life
as well to the contamination of the nectar by
pollen grains. These grains contain both chy-
motrypsin-like (Grogan and Hunt, 1979) and
cysteine proteinases (Schumaker et al., 1993)
(hardly detectable in our conditions).

Therefore, we can hypothesise that the band
at Rm 0.48 may partly come from the pollen in
the pollen eating instars, and it may be derived
entirely from the pollen eaten by the imago.

The comparison between the gels with pre-
cast gelatine and those with precast protein
extract from pollen provisions showed two
main differences: a general reduction of inten-
sity of the bands and the disappearance of 0.03
and 0.15 Rm activity band in lane 1. The gen-
eral reduction in intensity can be ascribed to the
denatured gelatine proteins as compared to the
native state of the pollen proteins. The lack of
the two bands in the pooled I-IV instar extract
can be ascribed to the same cause and can be
interpreted as the lack of two enzyme such as
the peptidyl-peptidase family which shows
small peptides substrate specificity. However,
the comparison clearly indicated that at least
ten of the twelve bands originally occurring in
the pooled I-IV instar extract were able to
digest the natural native protein and all of them
were absent in the non-pollen eating stages.

The high number of activities we found in
sample 1 in both gelatine- and pollen-precast
gels and their decrease throughout the pollen-
intake larval phase strongly suggest that these
detectable proteinases may be involved in pol-
len digestion. This hypothesis is in agreement
with data concerning the presence of several
proteolytic activities with a digestive role at
alkaline pH detectable in the midgut of several
insects (Purcell etal., 1992; Walker et al., 1998;
Jimenez and Gilliam, 1989). These data have
been emphasized on the basis of observations
concerning the digestion physiology in the bee
S. bipunctata that involve aminopeptidase and
trypsin enzyme (Schumaker et al., 1993). The
large repertoire of the proteolytic enzymes of
the pollen-eating growing larvae (lane 1 in
Fig. 1 and Fig. 3) could permit the complete

digestion of the food proteins since many pro-
teinases with different scissile bond specifici-
ties are required to complete the protein diges-
tion to single amino-acids able to be absorbed
by the intestine epithelium. The decrease of the
proteolytic activities of all the bands through-
out the investigated larval phases is in agree-
ment with previous findings in Apis mellifera,
where two chymotrypsin- and two trypsin-like
proteinases with a digestive role have been
described in the midgut of larval and adult
worker honeybees (Dahlmann et al., 1978).
Grogan and Hunt (1980, 1984) found out that
chymotrypsin-like enzymes of young adults of
worker honeybees that still feed on pollen fol-
lowed a seasonal pattern, coinciding with peri-
ods of elevated pollen consumption, while the
trypsin-like ones decreased with ageing which
suggests that these proteinases do not have a
digestive role. Indeed, the young adult honey-
bees still eat pollen for five to ten days after
emergence when they are generally considered
to be nurse bees (Jimenez and Gilliam, 1989;
Crailsheim et al., 1992). Pollen consumption at
this age would initiate both digestive enzyme
synthesis and hypo-pharyngeal gland develop-
ment (Brouwers, 1982).

No proteinase activities have been detected
in the crude extract of leaves indicating that
none of the bands detected in the bee samples
have leaf origin. A band at Rm 0.48 was found
in the pollen provision crude extract (Fig. 4),
indicating that all the other activity bands
detected in both gelatine and pollen provision
precast gel were insect-specific, which is in
agreement with the findings of Schumaker et al.
(1993) concerning the bee S. bipunctata.

The activities of the three Rm 0.48 bands
were 1693 p.i., 236 p.i., and 4250 p.i., for pol-
len, imago and pooled I-IV instar extracts,
respectively. The exceedingly high activity of
the growth and pollen-eating larval band, com-
pared to the intensity of the pollen provision
band, rules out the possibility of the former
being solely due to pollen contamination and
strongly supports the hypothesis that the great-
est part of the activity belongs to the larvaitself.
From our figures we can draw the conclusion
that in this sample (pooled I-IV instar) at least
75% of the 0.48 Rm proteinase was of larval
origin. In contrast, from an analogous calcula-
tion it is possible to deduce that the imago band
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was mainly due to the contamination by pollen
grains present in the ingested nectar.

The sample 1 Rm 0.48 band showed the
major activity at a pH 8, and showed heat sta-
bility up to 45 °C. A similar result was reported
by Bernardi et al. (1996) for the proteinase of
corn borer (Ostrinia nubilalis). The optimum at
alkaline pH and the thermal stability behaviour
of this enzyme are similar to that observed for
proteinase belonging to lepidoptera larvae
(Bernardi et al., 1996; Christeller et al., 1992).
The estimated molecular mass of 25.6 kDa of
the major activity band of M. rotundata is com-
parable with that of bovine trypsin (24 kDa) and
chymotrypsin (25 kDa) as also with trypsin
from Spodoptera littoralis (24 kDa) (Lee and
Anstee, 1995). Moreover, the activity of the
Rm 0.48 band was inhibited by typical trypsin
and chymotrypsin inhibitors (see Tab. I) and it
did not require metal ions or EDTA. These data
together strongly suggest that the enzyme respon-
sible for the major activity band has a serine-
proteinase-like nature.
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Résumé — Profils d’expression des protéases
digestives au cours du développement de Mega-
chile rotundata (Hymenoptera : Megachilidae) :
étude par électrophorese. Durant tout le dévelop-
pement de Megachile rotundata les enzymes protéo-
Iytiques digerent les protéines et sont impliqués dans
le remodelage phénotypique. L’utilisation d’inhibi-
teurs de protéases (IP) pourrait avoir des conséquen-
ces dramatiques dans les populations d’insectes
auxiliaires. Aucune information n’est disponible a
notre connaissance sur la protéolyse durant 1’onto-
genese de cette abeille. Ce travail décrit quelques
modifications dans le déroulement de I’activité des
protéinases qui peuvent &tre observées au cours de
la vie de M. rotundata a I’aide de la zymographie.
En raison de la petitesse de leur taille, les larves des
4 premiers stades ont été regroupées avant 1’ analyse
(échantillon 1), tandis que les larves du 5¢ stade ont
été réparties en trois sous-groupes : larves V con-
sommant du pollen (échantillon 2), larves V matures
(échantillon 3) etlarves V en diapause (échantillon 4).
Les nymphes ont été prélevées lorsqu’elles attei-
gnaient le stade yeux noirs (échantillon 5) et les adul-
tes femelles lorsqu’elles nidifiaient (échantillon 6).
Les feuilles garnissant le nid et les grains de pollen
ont également été prélevés dans les nids pédotrophi-

ques en tant que pollutions éventuelles. Les échan-
tillons ont été conservés a —20 °C jusqu’a leur utili-
sation. Apres décongélation, les insectes et, comme
témoins, le pollen et les feuilles ont été extraits dans
50 mM de Tris-HCl pH 8,0 a la température
ambiante, évitant ainsi des conditions dénaturantes.
Les protéines ont été ensuite séparées par électro-
phorese sur gels de polyacrylamide, sur support soit
de gélatine soit d’extraits de protéines de pollen et
les protéines ont été révélées par zymographie.
L’activité de la bande principale a été aussi caracté-
risée d’apres sa sensibilité aux inhibiteurs, son acti-
vité pH optimum, sa stabilité thermique et sa masse
moléculaire.

Douze protéinases différentes ont été détectées dans
le groupe des larves de stade [ a1V, six dans les larves
de stade V consommant du pollen, deux dans les lar-
ves matures, aucune dans les larves en diapause,
aucune dans les nymphes et deux chez les imagos
(Figs. 1 et 2). Certaines des protéinases détectées
étaient capables de digérer le mélange protéinique
extrait des provisions de pollen (Fig. 3) et la bande
Rm 0,48 a été révélée aussi dans I’extrait de pollen
(Fig. 4). En revanche aucune activité protéolytique
n’a été détectée dans I’extrait de feuilles de luzerne
prélevées dans le nid pédotrophique. L activité dans
la bande principale était détectable aux pH 7 a 11,
avec un maximum a 8 et 9 (Fig. 5). Elle était inhibée
par les huit inhibiteurs de protéinase a sérine testés
(Tab. I). Les cations divalents et/ou monovalents et
I’EDTA ont été inefficaces. L’activité s’est mainte-
nue jusqu’a 45 °C. Au-dela de cette température elle
a décru rapidement et disparu a 65 °C (Fig. 6). La
masse moléculaire a été estimée a 25,6 kDa par chro-
matographie d’exclusion de taille (Fig. 7). Ces pro-
priétés sont cohérentes avec une identification de
I’activité comme étant d’une protéase a sérine.

Megachile rotundata |/ développement postem-
bryonnaire / protéinase / zymographie

Zusammenfassung — Expressionsprofile wasser-
loslicher Proteinasen wihrend der Ontogenese
von Megachile rotundata: eine elektrophoreti-
sche Untersuchung. Wihrend der gesamten Indivi-
dualentwicklung von Megachile rotundata ver-
dauen die proteolytischen Enzyme Polleneiweifle
und spielen bei der phinotypischen Umwandlung
eine Rolle. Die Anwendung von Proteinasehem-
mern konnte daher dramatische Auswirkungen auf
die Populationen dieser Nutzinsekten haben. Unse-
res Wissens nach bestehen iiber die Proteolyse
wihrend der Entwicklung dieser Bienen keine
Kenntnisse. Diese Arbeit beschreibt einige Veridn-
derungen des Verlaufs der Proteinaseaktivitit die
mittels Zymographie im Verlauf des Lebens von
Megachile rotundata beobachtet werden kann.

Die Larven des ersten bis vierten Larvenstadiums
wurden wegen ihrer geringen Grofe vor der Analyse
zusammengefasst (Probe 1). Dagegen wurden die
Larven des 5. Stadiums in die drei Untergruppen
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Pollenfressende (Probe 2), Erwachsene (Probe 3)
und Diapausierende (Probe 4) unterteilt. Probe 5
bestand aus Puppen, die das Stadium schwarzer
Augen erreicht hatten. Die weiblichen ausgewach-
senen Bienen wurden wihrend der Nestbauaktivitit
gesammelt (Probe 6). Die moglichen Verunreini-
gungen von Nest auskleidenden Blittern und Pollen-
kornern wurden ebenfalls aus den pedotrophischen
Nestern gesammelt und bei —20 °C bis zur Nutzung
eingefroren. Nach dem Auftauen wurden die Insek-
ten, und als Kontrolle die Pollen und Blitter, in
50 mM Tris-HCI pH 8,0 unter Vermeidung von
denaturierenden Bedingungen bei Raumtemperatur
extrahiert. Die Proteine wurden dann unter Vorlage
von entweder Gelatine oder Pollenproteinextrakten
durch Polyacrylamid-Elektrophoresegele getrennt
und die Proteine durch Zymographie bestimmt. Die
Aktivitit in der ausgeprigtesten Bande wurde weiter-
hin durch die Sensitivitidt gegen Inhibitoren, opti-
male pH-Aktivitit, thermische Stabilitit und moleku-
lare Masse charakterisiert. In den zusammengefassten
Larvenstadien I-V waren 12 verschiedene Proteina-
sen auffindbar, in dem pollenfressenden V. Larven-
stadium 6, zwei in den reifen Larven, keine in den dia-
pausierenden und zwei in den Imagos (Abb. 1 und
2). Einige dieser Proteinasen waren in der Lage, die
aus der Pollennahrung extrahierte Proteinmischung
zu verdauen (Abb. 3) und die Rm 0,48 Bande war
auch in den Pollenextrakten vorhanden (Abb. 4). In
den Extrakten die aus den in pedotrophischen Nes-
tern gesammelten Alfalfa Blittern gewonnen wurden,
konnte dagegen keine proteolytische Aktivitit gefun-
den werden. Die Aktivitit der herausragenden Bande
war in einem pH-Bereich von 7-11 ermittelbar, mit
einem Maximum zwischen 8 und 9 (Abb. 5). Sie
wurde durch alle acht untersuchten Serinproteina-
seinhibitoren gehemmt (Tab. I). Divalente und/oder
monovalente Kationen und EDTA hatten keinen
Einfluss. Die Aktivitit wurde bis 45 °C aufrechter-
halten, oberhalb dieser Temperatur nahm sie rasch
ab und verschwand bei 65 °C (Abb. 7). Durch Groflen-
ausschlusschromatographie wurde eine Moleku-
larmasse von 25.6 kDa abgeschitzt. Diese Eigen-
schaften passen zu einer Identifikation der Aktivitét
als Serinproteinase.

Solitiire Bienen / Megachile rotundata / Entwick-
lung / Proteinase / Zymographie
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