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The genus Atta (Hymenoptera: Formicidae) 
consists of leaf-cutting ants, which are distrib-
uted from the southern United States to central 
Argentina, but do not occur in Chile (Mariconi 
1970). These ants live in eusocial nests with 
large, populous colonies and cultivate a fungus on 
fresh plant parts, particularly leaves. The cutting 
of plant parts by Atta spp. often causes enormous 
economic losses in agriculture and forestry (Della 
Lucia et al. 1993; Hölldobler & Wilson 1990).

Atta spp. have great reproductive potentials, 
with a typical Atta sexdens rubropilosa (Forel, 
1908) nest having 5 to 8 million workers, Atta 
laevigata (Fr. Smith, 1858) having 3.5 million 
(Riley et al. 1974) and Atta colombica (Guérin, 
1845) having 1 to 2.5 million (Fowler et al. 1986). 
This high reproductive capacity allows a queens 
to store the sperm in her saculiform ectodermic 
spermatheca throughout her reproductive life 
(Klenk et al. 2004).

The storage time of the sperm varies between 
insect species, but in the queens of Hymenopter-
ans, it can be stored for years (Klenk et al. 2004). 
The continued viability of the gametes depends 
on the products secreted by the spermathecal epi-
thelium and glands (Den Boer et al. 2009). The 
identification of proteins expressed in the sper-
matheca might contribute to the advancement of 
knowledge on the roles of proteins in prolonged 
sperm storage (Zareie et al. 2013).

To gain a greater understanding of the re-
productive biology of this ant species, as well 
as to lay a foundation for the possible applica-
tion of proteomic studies in insect population 
control, we evaluated the profile of the differen-
tially expressed proteins in the spermathecae of 
the virgin and fertilized A. sexdens rubropilosa 
queens. We collected queens of A. sexdens ru-
bropilosa in the field in Viçosa, Minas Gerais, 
Brazil. A total of 30 spermathecae were dis-
sected and stored at -20 °C with the protease 
inhibitor (phenylmethylsulfonyl fluoride and 
benzamidine 1.0 mM).

The proteins from the spermathecae were ex-
tracted with 1.0 mL of Tris-HCl buffer (40 mM; 
pH 7.5) supplemented with 1.0 mM PMSF. The 
homogenate was centrifuged at 20,000 g for 15 
min at 4 °C and the supernatant precipitated 
with trichloroacetic acid (TCA/acetone). The pre-
cipitate was washed and re-suspended in 100 μL 
of solubilization buffer (7 M urea, 2 M thiourea, 
2% CHAPS, DTT 0.3%). The protein concentra-
tion was determined by the Bradford method 
(Bradford 1976). Two-dimensional electrophore-
sis was performed on 7 cm strips with linear im-
mobilized pH gradient (pH 3-10). The strips were 
rehydrated with 137.5 μL of a solution contain-
ing 150 μg of protein, 40 mM DTT, 2% ampholyte 
(IPG Buffer pH3-10) and Destreak rehydration 
solution (GE Healthcare). The two-dimensional 
gels obtained were analyzed with the appropri-
ate software, the spots with differential expres-
sion (ANOVA; P < 0.05) were selected, excised 
and the proteins digested with a solution of 0.5 
ng trypsin per sample (Trypsin Gold-PROMEGA). 
The tryptic peptides were analyzed by mass spec-
trometry (MS) MALDITOF/TOF model Ultraflex 
III (Bruker Daltonics®). The spectra of the spots 
were identified by the Peptide Mass Fingerprint-
ing (PMF) method with the MASCOT software 
(http://www.matrixscience.com) in the NCBI and 
Swiss-Prot databases.

The two-dimensional protein profiles obtained 
of the spermathecae, showed 22 spots with differ-
ential expression (Fig. 1). Nine of the 22 samples 
submitted to MS showed homology to proteins of 
several species of Drosophila by PMF. Six oth-
ers were categorized as hypothetical proteins, 
they did not present homology with the proteins 
of known function. The seven remaining spectra 
showed no protein sufficient for identification 
under PMF. The proteins identified were sepa-
rated into 4 functional categories, i.e., (i) energy 
and metabolism, (ii) cell cycle, (iii) cell processes 
biosynthesis and modification of proteins and 
(iv) structure and structural organization (Table 

Downloaded From: https://bioone.org/journals/Florida-Entomologist on 07 Jun 2024
Terms of Use: https://bioone.org/terms-of-use



 Scientific Notes 1857

Fig. 1. Two-DE profiles of the spermatheca of virgin (a) and fertilized (b) queens of Atta sexdens rubropilosa 
(Hymenoptera: Formicidae). Arrows indicate differentially expressed spots. The isoeletric focalization was run on 
7cm strips on pH 3-10, and the 2-DE was run on SDS-PAGE 10%. MM - molecular weight (Broad Range - BioRad). 
Gels were stained by Coomassie Brilhant Blue.
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1), and some proteins with no known functions, 
which were referred to as hypothetical proteins, 
i.e., GI13461, GM23230, GG14359, GI24073, 
GL23714 and GL23619 (Table 1).

The identification of differentially expressed 
proteins in the spermathecae of virgin and fer-
tilized A. sexdens rubropilosa queens repre-
sents an important step towards understand-
ing the molecular regulation of sperm storage 
by the queens of the ants (Baer et al. 2009a; 
Zareie et al. 2013). The presence of proteins as-
sociated with the metabolic pathways/products 
(i.e., yolk protein-1 (YP-1), vitellogenin, cyto-
chrome P450 and lipase-3) in the spermathecae 
of fertilized queens could be an indication of 
their participation in energy metabolism that 
may be required to produce energy as needed 
in this organ after fertilization. Also, the differ-
ential expression of lipase in virgin queens may 
be related to lipid metabolism, prior to repro-
duction. Although, lipase-3 had not been pre-
viously reported in the spermathecae of ants, 
the activity of this enzyme in the reproductive 
tract of other insects is known. For instance, 
Phlebotomus papatasi (Loew, 1845) (Diptera: 
Psychodidae) females synthetize lipase, which 
was recognized as the main component involved 
in the accessory glands secretion process in the 
reproductive tract (Rosetto et al. 2003).

The YP-1 in the spermathecae of the fertil-
ized A. sexdens rubropilosa queens may have 
come from the male during copulation as shown 
for yolk protein-2 (supposedly related to the 
maturation process of the sperm) in the semi-
nal fluid of Spodoptera littoralis (Boisduval, 
1833) (Lepidoptera: Noctuidae) males (Bebas et 
al. 2008). In spite of this, the role of YPs in the 
insect spermatheca is still unknown.

Vitellogenin is differentially expressed in the 
spermatheca of the fertilized A. sexdens rubro-
pilosa queen, and this has also been reported 
in the spermathecae of virgin and inseminated 
Apis mellifera (Linnaeus, 1758) (Hymenop-
tera: Apidae) queens (Baer et al. 2009a). The 
vitellogenin in the spermatheca of fertilized 
A. sexdens rubropilosa queens may have an 
antioxidant role (Koeniger 1986), whereby the 
spermatheca is protected from reactive oxygen 
species (ROS);. This antioxidant function prob-
ably increases sperm longevity by reducing the 
levels of ROS (Collins et al. 2004).

Protein elongation factor 1-alpha (EF1- ), 
which is differentially expressed in the sperma-
theca of fertilized queens, is important in pro-
moting protein biosynthesis in eukaryotic cells 
as well as in regulating apoptosis (Andersen et 
al. 2003). The increased expression of EF1-  in 
D. melanogaster (Meigen, 1830), suggests that 
this protein could be a factor in the promotion of 
longevity (Wang et al. 2004). Thus, the presence 
of EF1-  in the spermatheca of the fertilized 

queens could relate to homeostasis and conse-
quently contribute to increased longevity of the 
gametes within the spermatheca.

The cytochrome P450 proteins are involved 
in the detoxification of xenobiotics, and in the 
development of insects (Li et al. 2007). There-
for, the expression of P450 in the spermatheca 
of fertilized A. sexdens rubropilosa queens could 
be in response to the detoxification of toxic sub-
stances in the spermatheca, especially when it 
is filled with the male’s seminal fluid.

Proteins Cdc6 and RFC2 are related to the 
cell cycle and DNA replication, but when ex-
pressed in the spermathecae of virgin and fer-
tilized queens, their roles remain unknown in 
A. sexdens rubropilosa. However, protein Cdc6 
is important in cell cycle progression, the initia-
tion of replication and of processes that control 
the passage of the cell through the later stages 
of the cell cycle (Crevel et al. 2005). DNA altera-
tions may occur depending on age (Mullaarte et 
al. 1990) and, therefore, the expression of the 
cell cycle proteins may be linked to the preven-
tion of DNA damage of the spermatozoids and 
the spermathecal cells.

NEDD8-E1 is a ubiquitin-like protein with 
81 amino acids and a sequence linked to ubiq-
uitin that is 60% identical and 80% similar 
(Kumar et al. 1993). This protein is highly con-
served in eukaryotes and is expressed in most 
or in all the tissues of these organisms (Car-
rabino et al. 2004). A ubiquitin-like protein has 
been reported in the human seminal plasma 
(Lippert et al. 1993) and in the seminal fluid of 
Cimex lectularius (Latreille, 1802) (Hemiptera: 
Cimicidae) (Reinhardt et al. 2009). The pres-
ence of this male protein in the spermathecae 
of the fertilized A. sexdens rubropilosa queens 
demonstrates a possible transfer from the male 
seminal fluid to the female spermatheca during 
copulation.

The protein Actin 5C, which has the highest 
expression in the spermathecae of the fertilized 
A. sexdens rubropilosa queens, and which has 
been documented to be present in the seminal 
fluid of A. mellifera males (Baer et al. 2009a, 
2009b), was also identified in the spermatheca 
of the virgin queens. The presence of the Actin 
was expected since it is constitutively expressed 
in eukaryotic cells (Eriji 2002). Its function may 
be related mainly to the transport of nutrients 
from the lumen into the hemocoel, secretion, 
endocytosis and exocytosis, and to increasing 
the resistance of the spermathecal epithelium 
filled with sperm (Gobin et al. 2006; Ortiz & 
Camargo-Mathias 2006).

In conclusion, we found that the proteome 
of the spermatheca of A. sexdens rubropilosa 
provides substantial information on proteins 
in this organ. Fifteen of the 22 differentially 
expressed proteins were identified. This also 
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highlights the possible roles of these proteins 
in prolonged semen storage through the likely 
increase in metabolic activities of the sperma-
theca after copulation.

SUMMARY

Fifteen of the 22 differentially expressed 
proteins in the spermathecae of virgin and in-
seminated females of the leaf cutting ant Atta 
sexdens rubropilosa were tentatively identified. 
The profile of expressed proteins of the sper-
matheca differed significantly between virgin 
and fertilized females. Data from this study 
should contribute to the elucidation of the roles 
of these various proteins in prolonged storage 
and maintenance of viable spermatozoa within 
the female.

Key Words: Atta sexdens, leaf-cutting ants, 
proteomics, spermatheca

RESUMO

No presente estudo foram identificadas pro-
teínas expressas na espermateca de rainhas 
virgens e fertilizadas da formiga cortadeira At-
ta sexdens rubropilosa. O perfil das proteínas 
expressas nas espermatecas é diferente em fê-
meas virgens e fertilizadas. Os dados aqui apre-
sentados contribuem para o entendimento do 
papel das proteínas produzidas pelas esperma-
tecas para o armazenamento e manutenção da 
viabilidade dos espermatozoides pelas rainhas.

Palabras Chave: Atta sexdens, formigas corta-
deiras, proteômica, espermateca
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