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ABSTRACT

African beetles Onthophagus gazella from both sexes were analyzed by electrophoresis for an inves-
tigation of esterase isozymes using alpha-naphthyl propionate and methylumbelliferyl propionate as
substrates. Only one of the esterases (Est. 6) reacted with one of the substrates (alpha-naphthyl pro-
pionate). Six areas of activity were found, two of them being polymorphic (Est. 3 and Est. 4). For presence
of Est. 3, 337 individuals were analyzed, including descendants of 32 controlled crossings: two alle-
les were identified, whose frequencies are Est. 3A = 0.447 and Est. 3B = 0.553. The population is in
equilibrium for this locus (qui-square = 4.18; 0.2 > P > 0.1). For Est. 4, 338 individuals, descendants
of 32 controlled crossings, were analysed. In this case, three alleles were identified whose frequencies
are: Est. 4A = 0.277; Est. 4B = 0.661; and Est. 4C = 0.062. The population is not in equilibrium for
this locus (qui-square = 40.259; p < 0.001). Two esterases were detected only in the pupal stage and
another one in larvae. Of the 23 loci analyzed in these insects up to now, 3 are polymorphic (13%),
which indicates very low variability in the population here studied.
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RESUMO

Isozimas de esterases do besouro africano Onthophagus gazella Fabricius
(Coleoptera: Scarabaeidae)

Foram analisados adultos de ambos os sexos do besouro africano Onthophagus gazella por eletro-
forese, para investigação de isozimas de esterases, utilizando como substratos alfa-naftil propionato
e metil umbeliferil propionato. Somente uma das esterases (Est. 6) reagiu apenas com um dos substratos
(alfa-naftil propionato). Foram encontradas seis regiões de atividades diferentes, sendo duas poli-
mórficas (Est. 3 e Est.  4). Na região de Est. 3, foram analisados 337 indivíduos, incluindo descendentes
de 32 cruzamentos controlados, e identificados 2 alelos, cujas freqüências são: Est. 3A = 0,447 e Est.
3B = 0,553. A população está em equilíbrio para esse loco (qui-quadrado = 4,18; 0,2 > p > 0,1). Na
região de Est. 4, foram analisados 338 indivíduos, incluindo descendentes de 32 cruzamentos con-
trolados, e identificados 3 alelos, cujas freqüências são: Est. 4A = 0,277; Est. 4B = 0,661; e Est. 4C =
0,062. A população não está em equilíbrio para esse loco (qui-quadrado = 40, 259; p < 0,001). Fo-
ram detectadas duas regiões de esterases características da fase de pupa e uma região que aparece
somente na larva. Do total de 23 locos amostrados até o momento nesses insetos, 3 são polimórficos
(13%), o que indica variabilidade genética muito baixa na população estudada.

Palavras-chave: besouro, isozima, esterase.
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INTRODUCTION

Onthophagus gazella (Scarabaeidae, Sca-
rabaienae), which became known as the African
beetle, has been imported in Brazil by the National
Center of Beef Cattle Research (CNPGC) of the
Brazilian Agricultural Research (Embrapa) Com-
pany of Campo Grande (MS), as part of a program
seeking the biological control of the hornfly,
Haematobia irritans (Nascimento et al., 1990).

Electrophoretic techniques for isozyme sepa-
ration have produced genetic markers for various
practical applications (Wagner & Selander, 1974;
Hartl & Clark, 1989).

Some enzymatic loci are frequently poly-
morphic, while others are rarely present as two
or more alleles. Esterases, many of which present
little specificity to substracts, are enzymes with
large variability among insects and other organisms.
Healy et al. (1991) identified 22 different esterases
in Drosophila melanogaster, by combining polya-
crilamide gel electrophoresis with isoelectric
focusing. Oakeshott et al. (1993) classified more
than 30 esterases in D. melanogaster based on two-
dimensional electrophoretic analysis, substrate
specificities, and esterase inhibitors. The results
led to a genetic map of 15 different genes of this
specie, 12 of them found in two chromosomic sites.
More than twelve alleles were identified in esterase
loci of local populations of several species of
Lepidoptera (Lima & Contel, 1990) and Diptera
(Tsakas & Krimbas, 1970). In populations of the
cricket Gryllus integer, 24 non-silent alleles were
detected in an esterase locus (Wagner & Selan-
der, 1974). This great variability of esterases was
also found in bees (Frohlich et al., 1990; Bitondi
& Mestriner, 1983), Anopheles darlingi (Santos
et al., 1985), Anopheles triannulatus (Santos et
al., 1992), Anopheles gambiae (Vernick et al.,
1988), Paratheresia claripalpis (Marin & Mes-
triner, 1985), Aedes aegypti (Dinardo-Miranda &
Contel, 1996), Spodoptera frugiperda (Lima &
Contel, 1990), and other insects belonging to se-
veral orders (Prabhakaran & Kamble, 1994;
Vaughan et al., 1995).

The main objective of our work was to inves-
tigate the genetic loci responsible for isozyme
production from controlled crossings of Ontho-
phagus gazella maintained in terraria, and in the
population that colonized the pastures of the Getú-
lio Vargas Experimental Farm of Uberaba (MG).

Martins & Contel (1998) previously analyzed the
presence of malic enzyme (ME), isocitrate dehy-
drogenase (IDH), glycerol phosphate dehydro-
genase (GPDH), and leucine-aminopeptidase
(LAP) in O. gazella. In the present paper, we des-
cribe two new esterase isozymes using two different
substrates, in various O. gazella developmental
phases, and two polymorphic loci in its adult forms.

MATERIAL AND METHODS

Controlled crossings
O. gazella were grown and bred as previously

described (Martins & Contel, 1997). In order to
carry out genetic studies with controlled crossing,
a couple of insects were maintained in a terrarium.
Newborn males and females were transfered and
fed in two separated (independent) terraria for
seven days, after which the insects were submitted
to experimental cross-breeding. Eggs, larvae, and
pupae were collected from the “pears” of the ter-
raria. Young adult forms were transfered to a new
terrarium and fed before being collected. Different
samples were harvested in small glass flasks or
vials and stored froozen at –20ºC for further ana-
lysis.

Isozymes analyses
Individual beetle samples of the controlled

crossing were ground in 0.5 ml of distilled water.
The extracts were clarified by centrifugation.
Aliquots of the different supernatants were loaded
on starch gel and submitted to electrophoresis
analysis. After the run, the gel was sliced in two
parts in order to be stained and reacted with two
different substrates. Electrophoretic conditions and
reaction color development were done according
to Dinardo-Miranda (1994).

RESULTS

To investigate esterase isozymes in beetles,
O. gazella, controlled crossings of males and fe-
males were performed in terraria. The parents and
descendants were harvested at different develop-
mental stages and enzymatic activity tests were
done to analyze esterease expression at the protein
level. Total protein extracts were prepared and
submitted to electrophoresis in Tris-acetate buffer
at pH 7.2 and 7.6. The gels were stained in the
presence of alpha-naphthyl and methylumbelliferyl
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propionate. Under these conditions, six different
esterase areas could be characterized, with both
alpha-naphthyl (Figs. 1 and 2) and methylum-
belliferyl propionates:

Est. 1: shown as fastest, narrow, clear, and
without variation area; Est. 2: shown as a large band,
strongly stained, also seemingly invariable in mobility;
Est. 3: characterized by moderate mobility, as one or
two areas indicating three genotypes, according to the
hypothesis of a locus with two alleles; Est. 4: appears
as the expression of three codominant alleles of a locus;
Est. 5 and Est. 6: esterases that can be observed, inde-
pendently of age and of sex, when migration exceeds
5 hours or electric current of larger intensity is used.
In these conditions, Est. 1 and Est. 2 cannot be visua-
lized and Est. 3 band is barely seen. Est. 6 does not
appear with methylumbelliferyl propionate (Fig. 2).
Analyzing the Est. 3 area, of males and females of

O. gazella, two phenotypes were observed, revealed
as either one or two activity areas.

Observing the descendants of 32 controlled
crossings, the presence of a locus with two co-
dominant alleles (Est. 3A and Est. 3B) was ve-
rified. The 6 possible types of crossings were
found: out of 64 total individuals used in the
matings, 37 had their genotypes determined and
26 deduced (Table 1).

Based on the electrophoretic profiles obtained
of 337 animals, the allele frequencies calculated
were 0.447 for Est. 3A and 0.553 for Est. 3B.

The qui-square test showed that the studied
population is in genetic equilibrium (qui-square =
4.18; 0.2 > p > 0.1). We did not observe any dif-
ference in segregation between the sexes, meaning
numbers are approximately similar for males and
females.

Number of 
crossings Crossing-types 

Sons  
Est. 3A/Est. 3A 

Sons  
Est. 3B/Est. 3B 

Sons  
Est. 3A/Est. 3B Total  

2 Est. 3A/A × Est. 3A/A 20   20 

8 Est. 3A/A × Est. 3B/B   73 73 

6 Est. 3A/A × Est. 3A/B 23  39 62 

7 Est. 3B/B × Est. 3B/B  60  60 

4 Est. 3B/B × Est. 3A/B  14 24 38 

4 Est. 3A/B × Est. 3A/B 4 7 24 35 

1 Est. 3A/B × (?)   9 9 

Total  47 81 169 297 

 

Fig. 1 — New born O. gazella esterases, using buffer sys-
tem TRIS-citrate pHs 7.2 and 7.6, 5 V/cm for 5 hours and
alpha-naphthyl propionate as substrate. 1, 3, 5 and 9: Est.
4A/Est. 4C; 2, 6 and 7: Est. 4A/Est. 4B; 4 and 8: Est. 4B/
Est. 4B. O = origin.

Fig. 2 — Esterases activities of O. gazella adults using buffer
system TRIS-citrate pHs 7.2 and 7.6 and 8 V/cm for 5 hours.
a: alpha-naphthyl propionate; b: methylumbelliferyl propionate.
1 to 4: Est. 3A/Est. 3B; Est. 4A/Est. 4B; 5 and 6: Est. 3A/Est.
3A; Est. 4A/Est. 4B; 7: Est. 3A/Est. 3A; Est. 4A/Est. 4A; 8:
Est. 3A/Est. 3A; Est. 4A/Est. 4C; 9: Est. 3A/Est. 3A; Est. 4A/
Est. 4A; 10: Est. 3A/Est. 3B; Est. 4A/Est. 4A. O = origin.

TABLE 1

Crossings of O. gazella considering the locus Est. 3 and its alleles Est. 3A and Est. 3B.
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In regard to the locus Est. 4, six different
phenotypes were detected which, in agreement with
the proposed hypothesis, would be a result of the
expression of 3 codominant alleles (Est. 4A, Est.
4B and Est. 4C). The homozygotes are shown by
one activity area and the heterozygotes are shown
by two. For this locus, 32 controlled crossings were
also used, of which 15 depended on analyzes of
parents and progeny; 6, on a single parent and
progeny analyzes, and 11 on progeny analyzes.
Ten out of 21 types of possible crossings were
detected, which was expected, considering that the
Est. C allele is rare (Table 2).

Allele frequencies for Est. 4 locus were esti-
mated based on 338 individual analyzes: Est. 4A =
0.277; Est. 4B = 0.661; and Est. 4C = 0.062. The
genetic equilibrium test led to a highly significant
qui-square one (40.259; p < 0.001). This value may
possibly be due to the low number of experimental
crosses realized. An increase in the sample num-
ber could provide better frequencies for these
alleles.

Some differences were observed in the este-
rase electrophoretic profiles performed during the
developmental phases: the esterase activity was
absent in eggs while in larva a characteristic area,
which migrates between adult Est. 2 and Est. 3 was
verified. The pre-pupae and the pupae possess their
own esterases, of moderate mobilities, i. e., between
adult Est. 4 and Est. 5, and characterized by two

strong areas. If we consider every esterase observed
in the several developmental phases of O. gazella,
a total of at least 9 different loci would be involved
in their syntheses, where 6 remain active in adult
forms, 1 in the larvae, and 2 in the pupae.

DISCUSSION

The O. gazella population of Uberaba, MG,
began in 1991, starting with 30 couples, as registered
in the files of Getúlio Vargas Experimental Farm.
Descendants of this group have colonized the pas-
tures of the farm and possibly due to that there was
a drastic decrease in population size. Only after
aproximately 32 generations, insects used in the
present work could be isolated in order to carry out
the genetic studies described in this work.

Among the 23 loci sampled by electropho-
resis (Martins & Contel, 1998; present paper), three
presented more than one allele which means 1.217
alleles for locus [calculation according to Nei
(1985)] and a proportion of polymorphic loci
(Swofford & Selander, 1981) of 0.13.

This value is very low when compared with
that calculated for populations of several species
of Drosophila (58% to 71%) as described by Ayala
& Powell (1972) and even for mammals (0.15),
which were considered by Hartl & Clark (1989),
as being those with least variability reported for
allozymes.

Number of 
crossings Crossing types 

Sons  
Est. 4A/ 
Est. 4A 

Sons  
Est. 4B/ 
Est. 4B 

Sons  
Est. 4C/ 
Est. 4C 

Sons  
Est. 4A/ 
Est. 4B 

Sons  
Est. 4A/ 
Est. 4C 

Sons  
Est. 4B/ 
Est. 4C 

Total  

2 Est. 4A/A × Est. 4A/A 18      18 

2 Est. 4A/A × Est. 4B/B    18   18 

3 Est. 4A/A × Est. 4A/B 9   18   27 

10 Est. 4B/B × Est. 4B/B  99     99 

5 Est. 4B/B × Est. 4A/B  21  21   42 

1 Est. 4B/B × Est. 4B/C  6    4 10 

1 Est. 4C/C × Est. 4A/C   3  6  9 

2 Est. 4A/B × Est. 4A/B 8 11  4   23 

1 Est. 4A/B × Est. 4A/C    6  3 9 

5 Est. 4A/B × Est. 4B/C  18  12 7 8 45 

Total  35 155 3 79 13 15 300 

 

TABLE 2
Crossings of O. gazella considering the locus Est. 4 and its alleles, Est. 4A, Est. 4B and Est. 4C.
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Among the isozymes, the esterases showed
larger variability. Different eletrophoretic profiles
were found, according to the development phase,
indicating genes whose activities are related to
specific ages. Similar facts have already been repor-
ted for other insects, such as bees (Bitondi & Mes-
triner, 1983; Frohlich et al., 1990) and Drosophila
(Healy et al., 1991). The esterases detected in the
Coleopteron O. gazella can be classified, according
to Oakeshott et al. (1993), as carboxyl-esterases
since they preferentially react with methylumbelli-
feryl and alpha-naphthyl propionates.

Lack of specificity for substrates used  in vitro
is commonly observed in a great variety of orga-
nisms (Oakeshott et al., 1993). The Est. 6 of O.
gazella showed lack of specificity for the methy-
lumbelliferyl propionate substrate although another
two areas can be visualized in some individuals
with this substrate.

When Est. 3 detection was done on two pro-
genies of controlled crossing, the phenotype Est.
3A/Est. 3A was not detected. In the first crossing,
five individuals were expected with this phenotype
(of the ten analyzed) and in the second crossing,
phenotypes Est. 3A/Est. 3A and Est. 3A/Est. 3B
were expected respectively in the 2.25 and 4.5
individuals.

Absence of the phenotypes might be due either
to the small number of insects analyzed or to a
chance event or that the parents genotypes were not
correctly or incorrect determination of the parent
genotypes determined. The same crossings, however,
supplied consistent data in relationship to locus Est.
4 indicating that these were well controlled.

Genetic equilibrium tests were done on Est.
3 and Est. 4 loci. The results suggested that Est.
3 locus remains in equilibrium, indicating that the
population of O. gazella which we studied has
already reached stability with respect to some loci.
On the other hand, the two other loci, Est. 4 in the
present work and ME (Martins & Contel, 1998),
might be going through a selective process because
they strayed from the expected in the collected data,
considering that the number of insects analyzed
is representative.

Onthophagus gazella can now be considered
as an exotic species that colonizes the Brazilian
Cerrado. From the original specimens maintained
in Uberaba (MG), beetles were supplied to farms
in three major areas of Minas Gerais and Southern

Goiás. From Campo Grande (MS), couples of these
insects were supplied to several Brazilian states.
In Goiânia (GO), they are in the adaptation phase
since 1992 (Lima & Godoi, 1994).

The population of Onthophagus gazella of
Uberaba (MG) presents low genetic variability and
is not in equilibrium in 2 of the 23 loci we studied.
The estimated variability of esterase expression
reported in our studies is possibly one of the lowest
found in organisms reproducing sexually. A com-
parison of the O. gazella population with some
others, Brazilian or not, will clarify if this species
is really so homogeneous. Further analyzes should
be done to elucidate this point because O. gazella
has become cosmopolitan.

This is an initial stage of the biological study
of these Coleopterons. We intend to analyze charac-
teristics of populations of different areas. Since
the species is now cosmopolitan, our studies will
allow selection of populations of larger economic
interest and evaluation of biological control pro-
grams that include use of this species.
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