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ABSTRACT

Starch gel electrophoresis with L-leucyl-B-naphthylamide as substrate revealed five aminopeptidases in
extracts of Polistes versicolor. These enzymes are presumably products of five structural gene loci. All
but Lap' aminopeptidases exhibited differential distribution in the developmental stages and in the tissues.
Five dipeptidases were revealed with different dipeptides. These enzymes exhibited significant differences
in their substrate preferences, but a more homogeneous distribution throughout ontogenetic developmental
stages than did aminopeptidases. Electrophoretic variants of Lap* and PepA? were detected and although
a low intralocus heterozygosity was found due to the low frequency of these variants, phenotypical segregation
observed at these loci in pupae extracts of some colonies points to the occurrence of more than one egg-
laying female. Otherwise, the detection of Lap* allozyme restricted to nests of one area suggests low dispersion
ability of the adults of Polistes versicolor.
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RESUMO

Caracterizaciio genética das peptidases de Polistes versicolor (Hymenoptera: Vespidae)

Cinco aminopeptidases foram detectadas com o substrato L-leucil-B-naftilamida em extratos de Polistes
versicolor, presumidamente produtos de cinco locos génicos distintos. Todas as aminopeptidases, exceto
Lap!, apresentaram distribuicdo diferencial nos estdgios do desenvolvimento e nos tecidos. Cinco dipeptidases
foram reveladas com a utilizacdo de diferentes dipeptideos. Essas enzimas exibiram marcantes diferencas
na preferéncia aos substratos testados, mas distribui¢do mais homogénea no desenvolvimento ontogenético
que as aminopeptidases. Variantes eletroforéticas de Lap* e PepA? foram detectadas em coldnias de P.
versicolor e, embora heterozigosidades intralocos relativamente baixas tenham sido observadas em razdo
da baixa freqiiéncia das variantes detectadas, a segregacéo dos fenétipos de Lap* e PepA? em pupas de
alguns ninhos indica a ocorréncia de mais de uma fémea ovipositora. Além disso, a detec¢do de aloenzimas
restritas aos ninhos de uma drea sugere baixa capacidade de dispersdo dos adultos dessa espécie.

Palavras-chave: peptidases, preferéncia por substratos, distribuicdo no desenvolvimento, variagdo genética,
Polistes versicolor.

INTRODUCTION and functionally heterogeneous group, amino-

peptidases (EC 3.4.11) are the most electro-

Peptidases (EC 3.4) are enzymes that actin  phoretically studied enzymes in plant and animal

a peptide bond near the N- or C- termini portion  species. Among insects, aminopeptidases of
or inside a polypeptide chain. In this structurally =~ Drosophila have been well characterized
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(Beckman & Johnson, 1964; Beckman et al.,
1964; Sakai et al., 1969; Walker & Williamson,
1980; Walker et al., 1981; Hall, 1986, 1988), but
aminopeptidases from other insects such as the
coleopteran Artagenus megatoma (Baker & Woo,
1981), the moth Tineola (Ward, 1975), the
dipteran tsétsé fly Glossina (Gooding & Rolselth,
1976), and the lepidopteran Sesamia nonagrioides
Lef. (Ortego et al., 1996) have also been studied.
Reports about complete cDNA sequences of
different aminopeptidases as well as data indi-
cating developmental and differential regulation
of aminopeptidase expression are now available
(Hua et al., 1998; Zhu et al., 2000; Emmerling
et al., 2001).

Dipeptidases (EC 3.4.13) are enzymes that
hydrolyze single amino acids from small peptides.
These enzymes are less known (Del Lama et al., 1992)
but dipeptidases of insect species such as Drosophila
melanogaster (Voelker & Langley, 1978; Laurie-
Ahlberg, 1982) and Calliphora erythrocephala
(Collett, 1989) have been electrophoretically studied.

Despite their presumptive physiological
significance, little data on the genetic properties of
hymenopteran peptidases are available. Del Lama
& Mestriner (1984) described comparative electro-
phoretic profiles of peptidases from fourteen bee
species according to their substrate preference,
developmental distribution, and to the occurrence
of electrophoretic variants. Aminopeptidases of Apis
mellifera have recently been better characterized
based on their substrate preferences, the differential
inhibitory effects of 1,10-phenanthroline and EDTA,
and differential developmental and tissue distri-
butions of these enzymes in adult drones, workers,
and queens (Del Lama et al., 2001).

Polistes (Aphanilopterus) versicolor (Olivier),
a very common wasp in urban areas, is neotropically
distributed from Costa Rica to southern Brazil and
Argentina (Richards, 1978) and much of its biology
has been studied (Gobbi & Zucchi, 1980, 1985;
Rodrigues, 1982; 1td, 1984; Valadao, 1986; Car-
neiro, 1991). It has been considered primitively
eusocial, with independent-type nesting behaviour
(Gadagkar, 1990), with the nest being founded by
an association of females and with reproductive
dominance characterized by physical aggression of
the dominant female directed at the associated
females. According to Giannotti & Mansur (1993),
these associated females tend to be sisters.
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This paper describes the electrophoretic
patterns of the aminopeptidases and dipeptidases
of Polistes versicolor, their substrate preferences,
developmental and tissue distributions, and presence
of genetic variants. A preliminary general picture
will then be presented comparing the properties of
these peptidases with those of other insect groups.

MATERIAL AND METHODS

Males and females of Polistes versicolor were
analyzed in different ontogenetic developmental
stages. Samples came from 27 nests collected in
Franca/SP (Fra) and in eight areas of Sdo Carlos/
SP: Distrito de Jardim Paulista (Djp), Centro (Cen),
Vila Carmem (Vca), Campus of the Universidade
Federal de Séo Carlos (Ufs), Vila Lutfala (VIu), Vila
Prado (Vpr), Vila Sdo Caetano (Vsc), and Vila Séo
Gabriel (Vsg). Relative distances between these areas
range from 300 m to 3.3 km. Sex identification was
made by body color and number of abdominal
segments.

The nests were taken in the early evening to
assure that all adults of the colony were sampled.
Each nest was placed in a plastic bag and removed
from the support, usually a house wall, and put in
a refrigerator for a few minutes to reduce adult
activity, and allow separation and storage, done at
—20°C, of eggs, larvae, pupae, and adults.

Horizontal electrophoresis was carried out in
14% corn starch gels (Penetrose 30™, Corn Brazil
S/A) using tris-citrate-borate buffer (0.017M tris +
0.0023M citric acid, pH 8.0, in the gel; 0.3M borate,
pH 8.3, in the electrodes). Samples of eggs, larvae
(2-6 days), and young and old (pigmented) pupae
and adults were prepared in a proportion of 100 mg
to 0.2 ml of 0.2% 2-mercaptoethanol solution,
centrifuged at room temperature for 15 minutes at
4000 g in an Eppendorf 541C centrifuge, and the
supernatants were used for electrophoretic analysis.
The electrophoretic run was developed for 4 hours
at 10°C at a constant current of 30 mA.

Aminopeptidase activity was detected after
incubating the gels for 2 hours at 37°C in 100 ml
tris-maleate buffer (0.1M tris+ 0.1M maleic
anhydride), pH 5.5, containing 30 mg substrate
(aminoacyl derivatives of B-naphthylamine) and 40
mg Fast Garnet GBC salt (Beckman et al., 1964).

Dipeptidase activity was revealed when gels
were incubated for 30-60 minutes at 37°C in a
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mixture of 15 ml 0.2M phosphate buffer, pH 7.5,
20 mg of different di and tripeptides (Table 1), 1
mg crude venom of Crotalus sp., 0.2 ml of a fresh
solution of o-dianisidine dihydrochroride (25 mg/
ml), 5 U peroxidase, 1 ml MgCl, 0.2M, and 15 ml
2% agar.

The zymograms, revealed using leucyl-B-
naphthylamide (leu.NA) and leu-ala, were used as
a control to compare the relative substrate
preferences of the aminopeptidases and dipeptidases,
respectively.

The presence of genetic aminopeptidase and
dipeptidase variants was verified in whole extracts
of male and female pupae. Allelle frequencies of
Lap* and PepA? loci were estimated from the
phenotypes of four randomly chosen females from
14 and 18 nests, respectively. The phenotypes were
used to test genetic equilibrium agreement with
the Hardy-Weinberg model.

RESULTS

Substrate preferences

Five aminopeptidases were detected in Polistes
versicolor and named Lap' to Lap® according to their
decreasing anodic mobility. They are presumably
products of five structural gene loci; their relative
electrophoretic mobilities are illustrated in Figu-
res 1 and 2. As can be seen, Lap* and Lap? showed
a slightly diffuse banding pattern on the gel.

Table 1 presents the substrate preferences of
these aminopeptidases which, as is evident, did not
show absolute specificity for the B-naphthylamide
derivatives employed. However, their highest relative
activities were observed with leu.NA as substrate
and, although some of these enzymes could be
weakly detected with the few dipeptides used, they
can be considered leucylaminopeptidases (EC
3.4.11.1). No activity was observed with L-benzoyl-
argynyl-f-naphthylamide (BANA) as substrate.

TABLE 1

Substrate preferences of the peptidases of Polistes versicolor. (+) to (+++) indicate subjective
estimates of increasing activity; (=) means no activity.

Peptidases
Substrate
Lap1 Lap2 Lap3 Lap" Lap® PepA1 PepD PepA2 PepA3 PepB
ala-gly - - - - - - - - - -
ala-val - - - - - - - - - -
phe-gly - - - - - - - + + ++
phe-pro - - - - - - ++ - - -
gly-phe - - - - - - - ++ - -
gly-leu - - - - - - - ++ - -
leu-ala + - - - - ++ - ++ + +
leu-gly + - - - - +++ - +++ ++ ++
leu-pro - - - - - - +++ - - -
leu-tyr + - - - - ++ - ++ - -
leu-val - - - - - - - ++ -
val-leu - - - - - - ++ +
leu-gly-gly + + - - - - +++
leu-leu-leu + - - + - - - - - ++
tyr-gly-gly - - - + - - - - - +
ala-B-NA ++ + + + + - - - - -
leu-B-NA +++ + + ++ + - - - - -
Bz-arg-B-NA - - - - - - - - - -
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Five dipeptidases were revealed on the gels (Figs.
1 and 2) and named PepA', PepD, PepAZ, PepA3, and
PepB. The designation of PepA, PepB, and PepD
followed the nomenclature employed by Harris &
Hopkinson (1975) to characterize human dipeptidases.

PepA' was detected with three of the substrates
employed (leu-ala, leu-gly, and leu-tyr), while PepD
(prolidase, EC 3.4.13.9) was revealed only with
proline dipeptides (leu-pro and phe-pro). PepA* was
detected by using many dipeptides tested at different
intensities. PepA?* exhibited electrophoretic mobility
close to PepA? and was detected with most of the
dipeptides used. Although acting on some dipeptides,
PepB was revealed with tripeptide substrates. This
enzyme showed a slightly diffuse pattern on the gel.

Ontogenetic developmental distribution

Data on the distribution of aminopeptidase and
dipeptidase activities throughout ontogenetic
development are summarized in Fig. 3. Developmental
stages of Polistes versicolor were defined according
to Giannotti & Mansur (1993): egg — 22.4 + 6.2 days;
larva —40.1 + 7.7 days; and pupa — 23.2 + 9.1 days.

Lap' was the single aminopeptidase observed
in the egg extracts. In young larvae we detected Lap?

and Lap?® activity, while in older larvae Lap* activity
was detected. Only Lap' and Lap* are present in the
young pupae and pos-defecation larvae, with Lap!
showing higher activity. Black-eyed pigmented body
pupae exhibit all but Lap® aminopeptidases, and in
the newly-emerged adults Lap', Lap®, and Lap* activity
is seen (Fig. 4).

Studies of distribution of dipeptidase activity
during development showed PepA? and PepD
presence in egg extracts. PepA?, PepA?, PepB, and
PepD were observed in young larvae homogenates,
with the highest activity being that of PepD. From
older larvae to newly-emerged adult extracts, all
dipeptidases are present with different enzyme activity
level, from low PepB activity in the older larva to
high PepD activity in the newly-emerged adult.

In the head-thorax extracts of adult females
were found Lap', PepA!, PepAZ, and PepD activity,
while PepB, Lap?, Lap?, Lap* and Lap® were
detected in abdomen extracts. Lap® was visualized
when abdomen extracts of the individuals presented
an intense yellowish color, denoting the presence
of food (pollen) inside the digestive tract. PepA3,
Lap?, Lap®, and Lap* activities were absent in head-
thorax extracts of adult individuals.

s s o PepA

Lap® | [ | o - s = )

" B PepA’

T Lap3 $ i ‘I E E E E — — — PepA3
a — — — EmmEm

P — — i ; ; % E PepB
Laps — — — —

1 2 3 4 5 6 7
Lap’ M MS FM S F FS  PepA’

Fig. 1 — Electrophoretic patterns of aminopeptidases (Lap) and dipeptidases (Pep) of Polistes versicolor. Samples 1-4 show
Lap profile, including the Lap* phenotypes found; samples 5-7 illustrate Pep patterns and the PepA? polymorphism.
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Fig. 2 — Starch gel electrophoretic profile of the aminopeptidases (A) and dipeptidases (B) of Polistes versicolor. Samples
1-3 are from young pupae; samples 4-6 are from old pupae.
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Fig. 3 — Distribution of aminopeptidase and dipeptidase activity during the ontogenetic developmental stages, indicating their
respective relative enzyme activity.
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Genetic variants

Lap* phenotypes found may be explained by a
locus with three codominant alleles. Due to the low
frequency of the alleles that determine this poly-
morphism, some expected phenotypes were not
observed. The variant S found in nests 12, 13, and 14,
collected on the campus of UFSCar, represents a private
polymorphism of colonies of this area (Table 2).

Allele frequencies estimated from four
randomly chosen females from 14 nests (each mating
was equally weighted) resulted in 0.982 + 0.0125

DEL LAMA, M. A. and FERREIRA, K. M.

and 0.018 = 0.0125 for Lap? M and Lap* S alleles,
respectively. Due to the very low frequency of the
F variant, phenotypes determined by alleles F and
S were clustered.

PepA? phenotypes may be explained by a locus
with two codominant alleles. An electrophoretic variant
was observed in nests from different areas, in contrast
to the private Lap* polymorphism (Table 2).
Considering the phenotypes of four females of 18
colonies, these allele frequencies were obtained: PepA?
F =0.854 = 0.029 and PepA? S = 0.146 + 0.029.

TABLE 2
Lap* and PepA? phenotypes found in extracts of male and female pupae of Polistes versicolor.

Lap4 phenotypes PepA2 phenotypes
Nests Females Males Females Males
FM MM | MS | M S FF FS SS F S
Bjp 01 4 3
Bjp 02 4 2
Cen 03 2 4
Cen 04 4
Cen 05 3
Cen 06 5 5
Cen 07
Cen 08 1
Cen 09 4
Fra 10 5 5
Fra 11 26 3 18 2
Ufs 12 1 21 7 12
Ufs 13 5 2 80 22 7 3 1 71 22
Ufs 14 8 8 16
Ufs 15 3 14
Vca 16 6 4 2
Vca 17 10
Vlu 18 5 2 5 2
Vlu 19 3 2 3
Vlu 20 6 6
Vpr 21 13 5 13 5
Vpr 22 3 19 1 2 8 11
Vpr 23 11 2 11 2
Vsc 24 8 8
Vsc 25 8
Vsg 26
Vsg 27 6 2 6 2
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No significant x> values were obtained when
observed genotype frequencies were compared to
the expected genotype frequencies according to the
Hardy-Weinberg model. We can, therefore, conclude
that Lap? and PepA? loci are in genetic equilibrium
in this Polistes versicolor sample.

DISCUSSION

The physiologic role of aminopeptidases and
dipeptidases is poorly known. However, amino-
peptidases are usually more active than carbo-
xypeptidases in insects, strongly suggesting that these
enzymes play an important role in protein meta-
bolism (Terra & Ferreira, 1994).

Lap', characterized by its high electrophoretic
mobility towards the anode, is the most active
aminopeptidase present in all ontogenetic deve-
lopmental stages and tissues of males and females
of Polistes versicolor. It exhibits no electrophoretic
variants. An enzyme with similar properties was
detected in each of thirteen Meliponini species (Del
Lama & Mestriner, 1984), in Apis mellifera (Lap
A; Del Lama et al., 2001), and in Drosophila
melanogaster (Lap A; Beckman & Johnson, 1964).
The nearly ubiquitous occurrence of this enzyme
throughout most tissue, body parts, and deve-
lopmental stages of these different insect groups
points to a rather general metabolic role played by
this enzyme, such as regulating aminoacid and small
peptide concentrations in the hemolymph, and
maintaining osmotic stability and a continuous supply
of amino acids for protein anabolism.

A second group of aminopeptidases is
characterized by smaller anodic mobility, lower
activity compared to the aminopeptidase previously
described, and higher activity in the pupal stage.
Lap?, Lap®, and Lap* aminopeptidases of P. versi-
color are included in this group. Enzymes with si-
milar properties were also observed in Apis mellifera
(LapP, see Del Lama et al., 2001) and in D.
melanogaster where, of the six aminopeptidases
characterized, five are present exclusively in the
pupal stage.

Lap? and Lap? activity is not detected from
the final period of the larval stage (post-defecation
larvae) until mid-pupal stage and their enzyme
activity is concentrated in adult abdomen extracts.
These findings suggest that such enzymes are

probably involved in protein digestion occurring
in the digestive tract.

Lap*seems to be homologous to LapP of Apis
mellifera because both show the same developmental
distribution, higher activity in the pupal stage, and
are detected in adult abdomen extracts.

Lap’ activity, observed in digestive tract
homogenates of larvae and adults of P. versicolor,
is related to the presence of food inside the digestive
tract. A similar enzyme was described in Apis
mellifera (LapG, see Del Lama et al., 2001) and
Drosophila (Lap A , see Walker & Williamson, 1980).

Comparative analysis of dipeptidase activity
among insect groups shows that Polistes versicolor
and Drosophila do not exhibit tissue-specific
dipeptidases. However, an enzyme, dipeptidase-B,
restricted to head-thorax, and another, dipeptidase-
C, concentrated in abdomen extracts, were reported
in Apis mellifera (Bezerra, 1996). The preference
demonstrated by PepD of P. versicolor for proline
substrates suggests its homology to a prolidase of
Apis mellifera (Del Lama, unpublished results) and
to DipA of Drosophila melanogaster (Laurie-
Ahlberg, 1982).

Similar electrophoretic profiles of aminopepti-
dases and dipeptidases were verified in males and
females of Polistes. These results were like those
described for Drosophila but different from those
observed for Apis mellifera, where LapD shows very
high activity in the reproductive tract of adult drones,
particularly in mucus present either in the mucus gland
or the ejaculatory bulb (Del Lama et al., 2001).

Segregational analysis of these polymorphic
loci suggests that more than one female is responsible
for the simultaneous oviposition. As shown in Table
2, Lap* and PepA? segregations observed in nest
13 in black-eyed pupae males presented a highly
significant deviation from the 1:1 ratio expected in
a heterozygous female for these markers.

The detection of Lap* variants in adults from
nests of a specific area (campus of UFSCar)
characterizes a private polymorphism. A similar
result was observed for a new alcohol dehydrogenase
variant detected in extracts of young pupae of these
same colonies (Gruber, unpublished results).
According to Slatkin (1981), presence of rare private
alelles indicates a low N m and low gene flow. These
observations suggest that adults of Polistes versicolor
present low dispersion ability.
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The biochemical polymorphisms characterized
in this work and others previously described in our
laboratory (Simokomaki, 1996) can be powerful
tools for estimating population size, intracolonial
genetic relationships, and populational viscosity of
this wasp species.
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