MORPHOLOGICAL STUDIES OF THE MANDIBULAR GLANDS OF BOMBUS TERRESTRIS (HYMENOPTERA: APIDAE)
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Abstract

The present work is aimed to study the function of the mandibular glands of the queen and workers of Bombus terrestris (L.) (Hymenoptera: Apidae) . The glands were extracted and were observed with SEM and TEM. Several images showed strong structural similarities with the mandibular glands of the workers of Apis mellifera (Vallet et al., 1991). 
In B. terrestris the glands are paired structures located in the infra-lateral part of the head, in close association with mandibles. Each one is completely enveloped by a thin connective membrane and made by numerous spherical secretory units and a central reservoir. The reservoir can vary in size, thanks to a sinuous cuticular wall. Every secretory unit is composed by two different cells: a greater, roundish one, the true secretory cell, and another smaller one, the “duct cell”, surrounding a cuticular channel with its thin cytoplasm layer, linking together the secretory cell and the reservoir. The TEM studies allowed us to describe ultrastructural details of the secretory cells. The cellular product is stored within granules, detaching from Golgi apparatus. The granules are especially numerous around the so-called “end apparatus”, the long and irregular area connecting the secretory cell and its duct, which represents the specific structure for transferring the glandular product. 
The observations allowed us to show the ultrastructural differences between the two castes
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Introduction

The role of mandibular glands in maintaining social order in colonies of bumblebee (Bombus terrestris, Hymenoptera: Apidae) is still unclear. In other social insects, such as Apis mellifera, most authors attribute to the queen mandibular pheromone the main role in caste determination. In bumblebees, social Hymenoptera among which agonistic interactions between queen and workers are very common, is not easy to distinguish between pheromonal and behavioural mechanisms, but some experiments apparently support the relevance of a mandibular pheromone in caste determination. For example, van Honk et al. (1980) reported that after experimental removal of mandibular glands in queens, worker egg laying takes place earlier than in colonies with unoperated queens. Roseler et al. (1981) demonstrated that exstirpated mandibular glands of the queen, as well as an extract of the queen body surface, had the same inhibitory effect on corpora allata of workers as the presence of a living unmutilated queen, preventing juvenile hormone production and keeping worker sterility. The authors also suggested that queens spread the pheromone on their body by self-grooming.

This study is aimed to acquire new information on the role of mandibular glands in B. terrestris and to investigate their ultrastructural morphology in the two main castes, queen and workers.

 

Materials and methods

Commercial colonies of B. terrestris (Koppert, Nederland) were reared in red light under standard laboratory conditions (28 °C, 60% RH). After anaesthetization of insects with CO2, mandibular glands were removed from head capsules under a stereomicroscope and fixed for 3 hours at 4°C in 2% glutaraldehyde in 0.25 M sodium cacodylate buffer, pH 7.2. After washing in 6% sucrose solution in cacodylate buffer, they were postfixed for 2 hours at 4°C in 2% osmium tetroxide solution in the same buffer. After dehydration in ethanol, some samples were prepared for scanning electron microscopy (SEM) observations at the Center for Electronic Microscopy of the University of Ferrara.

Samples for optical microscopy (OM) and TEM observations were further processed by soaking in propylene oxide and embedding in Epon-Araldite resin. Sections 1-(m thick and ultrathin sections were obtained by a Reichert Om2 ultramicrotome, contrasted with uranyle-acetate and lead citrate and observed with a EM9 Zeiss at the Center for Electronic Microscopy of the University of Ferrara.

 

Results

Organization of the mandibular gland

OM and SEM observations

Mandibular glands (MG) are paired structures located in the infra-lateral part of the head, in close association with mandibles (Fig. 1). The secretory product exits the body through a short channel and runs along a groove on the internal surface of mandibles.

The MG, enveloped by a thin surface membrane (or surface lamina), is made of numerous secretory units. Each secretory unit pours its product in a central reservoir. OM observations show that each secretory unit is composed of two different cells: a larger roundish one, the true secretory cell (average diameter 70 μm), and a smaller one, the “duct cell”, surrounding a cuticular channel, linking together the secretory cell and the reservoir. Due to its tortuous wall, the reservoir can vary in size (average 350x100 μm), according to the amount of the stored product (Fig. 4).

TEM observations

The MG are completely enveloped by a thin surface lamina (about 0.8 μm thick), composed of an outer epicuticle, produced by the underlying flattened cells (Figs. 2 and 3).

Secretory cells show many peculiarities, such as a very irregular polypoid nucleus with many chromatin clumps, generally located in the central region (Figs. 5 e 6). The mitochondrial system is well developed, as usual in an actively secreting cell. The endoplasmic reticulum cisternae are mainly found around the nucleus. 

The cellular product is stored within regularly shaped granules (up to 0.8 μm in diameter), detaching from flattened cisternae of the Golgi apparatus. The granules vary in size and in electron density and appear mainly distributed in the peripheral cytoplasm (Fig 7), which often contains some inclusions surrounded by concentric peripherical membranes.

The most specialized region in the cytoplasm of the secretory cell is the long “end-apparatus”, which represents the specific area for transferring the glandular product into the duct, which opens up into a central reservoir. The end-apparatus is so long and tortuous that it may be sectioned several times in one section. At the center of end-apparatus there is a lamellar electrondense epicuticular net (0.2 μm thick), which in cross sections show a concentric structure (Fig. 8). The pores and the lattice-like structure (Vallet et al., 1991) of this epicuticular channel allow the passage of secretory product from the secretory cell in the channel lumen (0.7 μm in diameter), which often shows fine granules in its center. The lamellar epicuticular net is surrounded by the plasma membrane of the secretory cell, thus is external to the cell. On the cytoplasmic side of the membrane adjacent to the net, masses of electrondense granular material are visible, indicating a passage of secretion from the cytoplasm into the lumen of end-apparatus. Several electrondense granules are indeed visible near this material (Fig. 8).

The end-apparatus of the secretory cell shows another specialization: its plasma membrane extends into isolated bundles of short and thin microvilli. Each bundle, composed of a variable number of microvilli (up to about ten) is in close contact with projections of epicuticular net protruding towards the microvillar apex.

The laminae of the end-apparatus are in continuity with the cuticular duct wall, in its turn surrounded by the cytoplasm of the duct cell. Each secretory cell is connected to a duct cell, which then penetrates into the secretory cell for a short distance: in the contact region the two cells appear joined by a long septate junction. The duct cell morphology is very simple, with a little irregular nucleus with large clumps of dense chromatin and an electron-lucent, organelle-poor cytoplasm. The duct cell envelops the cuticular duct all along its length. In its turn, the duct (about 0.3 μm thick) appears composed of a inner, homogeneously electrondense epicuticle and a thin outer one, surrounding a lumen (about 0.9 μm in diameter) in which a finely granular material is often visible (Fig 10).

Where the duct joins the reservoir, it is possible to observe that the cuticular duct wall melts into the cuticular layers bordering the reservoir cavity (Fig. 11). The reservoir has a cuticular wall (about 1.45 μm thick), secreted by a underlying thin epithelial layer (about 0.2 μm thick), composed of a procuticle, an inner and outer epicuticle, the last one adjacent to the reservoir lumen. The secretion gathered in the pyriform reservoir (Fig. 4) flows toward the outside through a small channel which crosses the mandibular cuticle, then reachesthe surface of a typical mandibular groove (Fig 1).

Ultrastructural differences between the two castes

TEM observations allowed to detect ultrastructural differences between the two castes of queen and workers, mainly concerning the morphology of secretory cell cytoplasm.

The secretory cells from workers are characterized by numerous polysomes which confer an electrondense appearance to the cytoplasm, and by the presence of granules, variable in size and electrondensity, mainly distributed in the peripheral cytoplasm (Fig. 7). Mitochondria appear of normal size, with an electron-opaque matrix and scarcely visible cristae.

The secretory cells of queens are characterized by the presence of roundish or irregularly shaped mitochondria, always very large in size (up to 2.7 μm in diameter), sometimes surrounded by RER cisternae. The enlarged mitochondria contain spherical osmiophilic bodies of different size, either isolated or in groups (Fig. 12). The mitochondrial cristae are clearly visible against the electron-lucent matrix. The mitochondria are distributed everywhere in the cytoplasm and around the end-apparatus. Heterogeneous bodies, myeloid structures (Fig. 13) and lipid droplets are also visible in the cytoplasm. There are also free granules similar in size and shape to those found in worker secretory cells. In the mandibular glands of queens there are also secretory cells with cytoplasms showing different electrondensity, often closely adjacent among themselves (Fig. 13). In both darker and lighter cells there are mitochondria with granules.

No significant differences in the end-apparatus are detectable between the two castes. Both the lamellar epicuticular net and the isolated bundles of short and thin microvilli appear morphologically similar. However, in some queens the extracellular space around microvilli appears wider and the microvilli more distant among themselves.

 

Discussion

The anatomy and general organization of mandibular glands of queen and workers of B. terrestris are similar. The glands are composed of four different cell types: the secretory cells, the reservoir wall cells, the duct cells and the cells of the thin membrane enveloping each gland. In more detail, the secretory and the duct cells build up the basic secretory units of the gland: on the basis of their organization, they can be classified as belonging to the 3rd class of epidermal glands, according to the classification by NOIROT and QUENNEDEY (1974).

Our observations reveal a general structure similar to that described by COSTA LEONARDO (1981) and by COSTA LEONARDO and CRUZ LANDIM (1985), respectively for mandibular glands of workers and queens of Apis mellifera. However, B. terrestris shows some peculiarities, emphasized by a comparison between our data and other ones recently obtained in A. mellifera (DE HAZAN et al., 1989; VALLET et al., 1991).

For example, the secretory cells of B. terrestris are spherical and with a shape similar to oenocytes (BORTOLOTTI et al., 1998) with a deeply lobated nucleus in the cell center. Each mandibular gland is surrounded by a membrane composed of an epithelial lamina covered by a structured epicuticle. On the contrary of  A. mellifera, there is no basal lamina supporting the secretory cells: in honeybees the cells are polarized and show a polyploid nucleus near the basal cytoplasm (COSTA LEONARDO and CRUZ LANDIM, 1985). Also the mitochondria of queen secretory cells appear different between the two species: in honeybee queens there are giant forms, especially in the peripheral cytoplasm and produce several heterogeneous bodies containing osmiophilic lipid droplets (DE HAZAN et al., 1989; VALLET et al., 1991). According to the authors, this is related to the non-proteic composition of the secretion product, which contains a ketone (2-heptanone), alkanes and alkenes. Biosynthesis of such substances is generally associated to a well-developed RER and mitochondrial system (LEMAIRE et al., 1988; DE HAZAN et al., 1989).

As in other social Hymenoptera, the queens of B. terrestris  represent a rich source of many volatile compounds (VAN HONK et al., 1980; HEFETZ et al., 1996). However, even if the electrondense mitochondrial inclusions represent secretion products also in MG of bumblebee queens, we have not observed in the end-apparatus any exocytotic structure involving these inclusions. On the contrary, we clearly observed evidence of the passage in the end-apparatus lumen of the electrondense granules, formerly free in the secretory cell cytoplasm of workers and queens. 

On the basis of our observations, we may advance the hypothesis that in bumblebees there are two ways of discharging MG secretory products. The first way involves the convergence of secretions from cytoplasm towards the end-apparatus, producing the typical lumps of electrondense granular material visible around the cell membrane surrounding the epicuticular channel. The second way may employ the microvilli bundles in contact with the projections of epicuticular net. These two paths may be used in different or preferential ways during the different stages of queen “dominance”, as well as of "polyethism" of workers, especially in the foraging activity. We hope that a more detailed ultrastructural study of MG of the two castes, still in progress, performed on the basis of their morphological life stages, may help to clarify this issue.
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Fig. 1. SEM image of the internal part of the mandible of a bumblebee worker. At the right end it is visible the mandibular gland (MG) “in situ”. An asterisk indicates the groove along which the secretion products flows.  (57 x)

Fig. 2. SEM image of the surface of a worker MG. A thin membrane envelopes the roundish secretory units. SC = secretory cell; L = surface lamina. (350 x)

Fig. 3. TEM image of the section of the thin surface lamina enveloping the MG. (7200 x)

Fig. 4. OM image of a MG section. The secretory cells (SC) surround the reservoir (R), inside which the secretion products accumulate. (525 x)
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Fig. 5. OM image of a section of the secretory cell, showing in the center the irregular nucleus (N), and on the left side several cross sections of the end-apparatus (asterisks). (950 x)

Fig. 6. TEM image of the nucleus (N) of a secretory cell of a worker MG. The nuclear edge appears multilobated and in the nucleoplasm it is possible to observe small clumps of electrondense chromatin. (5500 x)

Fig. 7. TEM image of the cytoplasm of a secretory cell of a worker MG. Some electrondense secretory granules (Dg) are visible. (14700 x)

Fig. 8. TEM image of the end-apparatus of a secretory cell of a worker MG, towards which the electrondense secretory granules converge. In the cytoplasm surrounding the end apparatus, numerous microvillar bundles are visible, closely adjacent to each other (asterisks). (15600 x)

Fig. 9. TEM image of the epicuticular net of the end-apparatus, showing its lattice-like structure and the projections reaching the microvillar apices (asterisks). (24600 x)
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Fig. 10. TEM image of a duct cell (DC), inside which are visible some sections of the cuticular duct. The same duct also penetrates the adjacent secretory cell (SC). (5500 x)

Fig. 11. TEM image of the reservoir (R) of the queen MG. The image shows the region where the cuticular duct (D) joins the wall of the reservoir, in which the secretory products accumulate. (4600 x)

Fig. 12. TEM image of the cytoplasm of a secretory cell from a queen MG. Many enlarged mitochondria are visible, containing spherical osmiophilic bodies of different size. (8500 x)

Fig. 13. TEM image of two adjacent secretory cells of a queen MG, separated by a cell membrane. Their cytoplasms show a different electrondensity: in the lighter one (above) some large myeloid bodies are visible. (8600 x)
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