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Abstract-The morphology and fine structure of the convoluted gland inside the venom 
reservoir of the ponerine ant Dinoponera austrafis (Hymenoptera : Formicidae) are 
described. The cells of the convoluted gland can be divided into 3 major groups: (1) 
epithelial cells, (2) glandular cells with end apparatus secreting into the tubule inside the 
convoluted gland, and (3) glandular cells with end apparatus secreting directly into the 
venom reservoir. A fourth group of cells belonging to the venom gland of this ant is also 
discussed as (4) secretory cells of the free tubule (not a part of the convoluted gland). 
The epithelial cells in the convoluted gland do not have many organelles. Most cells of 
group 3 are characterized by numerous mitochondria. In some of these cells, the 
mitochondria possess tubular cristae. Tubule cells of group 2 inside the convoluted 
gland, possess little rough endoplasmic reticulum when compared with cells of group 4, 
situated in the free tubule. 

Index descriptors (in addition to those in title): Ponerinae, venom gland. 

INTRODUCTION 

Although Callahan et al., (1959) provided a detailed study of the entire venom system 
in Solenopsis saevissima v. richteri, many ultrastructural data on the venom gland cells 
and reservoirs remain unknown. Studies of venom gland tubules and reservoir 
morphology are those of Hermann and Blum (1966, 1981), Robertson (1968), Blum 
and Hermann (1978) and Kugler (1980). Ultrastructural details concerning the venom 
gland of other Hymenoptera are mostly restricted to the free tubules in wasps (e.g. 
Kanwar and Sethi, 1967; Kanwar and Kanwar, 1975, both for Vespa oriental&, and 
Delfino et al., (1983) for Polistes galficus). 

The ultrastructure of the convoluted gland remains unknown, except for some 
preliminary reports in Solenopsis invicta (Billen, 1989) and Myrmecia gulosa (Billen, 
1990). Even at the light-microscope level, the exact configuration and nature of the 
convoluted gland are the subject of controversy. Histological observations, concerning 
venom gland morphology as a phylogenetic character by Blum and Hermann (1978) 
deal with only the gross morphology of the convoluted gland. The existing confusion 
and inaccurate data regarding the morphology of the convoluted gland in ants, and in 
Ponerinae in particular, are mainly due to conclusions drawn from dissections rather 
than from detailed histological examination. Because of the rigid venom reservoir wall, 
the convoluted gland is rather inaccessible for morphological research. 

We have undertaken this study in order to elucidate the structural relationship 
among the free tubules, convoluted gland, and the venom gland reservoir. 
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MATERIALS AND METHODS 
Adult members of 2 colonies of Dinoponeru austrulis were collected in Itirapina, SLo Paulo (Brazil). Their 

sting apparatuses were dissected and the venom reservoirs cut smoothly with dissection scissors. Fixation in 
2% cold glutaraldehyde, buffered at pH 7.3 with 50 mM sodium cacodylate and 1.50 mM saccharose, resulted 
in rapid precipitation of the venom. We then removed this residue carefully. After postfixation in 2% 
osmium tetroxide in cacodylate buffer, the convoluted glands were block-stained in uranyl acetate, and finally 
dehydrated in a graded acetone series before embedding in Araldite. Thin sections, made with a Reichert 
Ultracut E microtome, were stained with uranyl acetate and lead citrate in an LKB 2168 Ultrostainer, and 
examined in a Zeiss EM 900 electron microscope. Serial semi-thin sections, with Methylene Blue and thionin 
staining, were used for light microscopy and for reconstructions with an image analysis-system (Vidas) for 
3D-reconstruction. 

RESULTS 

General anatomy 

Basically, the convoluted gland represents an elongated continuation of the secretory 
tubule into the venom gland reservoir. It is a flattened sac, lined with an epithelium. 
The invaginated portion of the tubule, together with the surrounding reservoir wall, 
forms an umbrella-like structure inside the reservoir (Fig. l), which contains numerous 
secretory cells that discharge their secretions directly into the venom reservoir, whereas 
the cells of the tubule discharge their secretions into the tubule lumen (Fig. 2). We 
observed an increase in the diameter of the central lumen of the secretory tubule 
embedded in the convoluted gland, progressively towards its distal end. This lumen is 
always lined with a cuticular layer. Inside the umbrella, there is a more centrally 
located tubular gland, surrounded by conspicuous cuticular wing-like protrusions. This 
enlarged secretory region is not clearly visible when one is dissecting a specimen, but is 

Fig. 1. Diagram of the general anatomy of the venom gland in Dinoponera australis. Indicated are 
the free (unembedded) secretory tubule (ST), the venom reservoir (R), the convoluted gland (CG) 
and the venom duct (D). The bifurcation of the tubule has been enlarged in order to show the 

irregular lumen. Scale bar (for whole venom gland) = 2 mm. 
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Fig. 2. Schematical representation of the convoluted gland, showing its major parts and cell 
groups. ct,, = cuticular lining of the convoluted gland; ct, = cuticular lining of the venom 

reservoir; ts = tubule surrounded by muscles on reservoir; ft = free tubule; fu = tubule in 
umbrella-like convoluted gland; m = muscular supply of the venom reservoir wall; 
SC,,, = secretory cells discharging directly into the venom reservoir; tr = trachea. The arrows 
indicate the presumed pathway the secretion follows, starting in the free tubule at the top. End 
apparatuses of secretory cells are indicated by 0. The embedded tubule opens through the ventral 

cuticle of the convoluted gland. 
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Fig. 3. Transverse semi-thin section of the venom reservoir and convoluted gland. The orientation 
of the section is indicated in a scheme. ct, = cuticular lining of the venom reservoir; ft = free 
tubule; m = muscular supply of the venom reservoir; SCdi = secretory cells discharging directly 
into the venom reservoir; ts = tubule surrounded by muscles on reservoir; tu = tubule in 
umbrella-like convoluted gland. Scale bar = 100 pm. The inset shows where the venom reservoir 

was sectioned. 

very conspicuous in histological sections (Fig. 3). We are dealing with an enlarged (but 
rather thin) invaginated part of the venom reservoir wall, provided with a loose 
arrangement of a large number of secretory cells (Figs. 2 and 3). Once the venom 
reservoir is opened with scissors and the venom flows out of the reservoir, the 
umbrella-like structure becomes clearly visible, and the tubule inside the convoluted 
gland can be seen through the transparent cuticular lining of the latter. A large trachea 
invaginates along the tubular part of the convoluted gland (Fig. 2). 

Convoluted gland ultrastructure 
Four different types of cells can be distinguished according to their locations in the 

convoluted gland and the venom gland: epithelial cells lining the cuticular part of the 
convoluted gland (l), glandular cells (with end apparatus) of the embedded tubular 
portion in the umbrella of the convoluted gland (2), glandular cells secreting directly 
into the venom reservoir (unembedded) (3), and secretory cells of the free secretory 
tubule (4). 
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(1) Epithelial cells lining the cuticular part of the convoluted gland. Epithelial cells 
constitute a large part of the wall of the convoluted gland (Fig. 4). The unicellular 
squamous epithelial layer consists of flattened cells with elongated nuclei. Their 
cytoplasm contains very few organelles. The thickness of the epithelium varies between 
0.1 and 1 pm. We observed complex interdigitating membranes of neighbouring cells 
(Fig. 4). 

(2) Glandular cells (with end apparatus) of the embedded tubular portion in the 
umbrella of the convoluted gland. The secretory cells of the tubule embedded in the 
convoluted gland show some signs of granular endoplasmic reticulum (Fig. 5). Free 
ribosomes are abundant, and mitochondria are less numerous than in the cells that 
secrete directly into the reservoir (Fig. 5). A common characteristic is the occurrence of 
a well-developed end apparatus with its fine cuticular ductule that is surrounded by 
tightly packed microvilli (Fig. 5). The cytoplasm usually shows no signs of cellular 
degeneration. The nucleus of the secretory cells is ovoid (5 x 10 pm) and is situated 
near the periphery of the cell. The end apparatus is found near the lumen of the tubule. 
Tracheoles are found near these cells. 

(3) Glandular cells secreting directly into the venqm reservoir (unembedded). The 
umbrella of the convoluted gland contains a large number of rounded secretory cells 
with a large ovoid nucleus (diameter approximately 5 pm) located laterally to the end 
apparatus (Fig. 6). The secretory cells are situated close to the epithelial cells described 
above. Their cytoplasm contains numerous mitochondria and free ribosomes (Fig. 6). 
Surprisingly, few signs of granular or smooth endoplasmic reticulum were observed. 
Some cells contain electron-dense structures, resembling lamellar bodies (Fig. 7). The 
electron-dense bodies that occur in small groups are probably signs of cellular 
degeneration (Fig. 7). Each cell is supplied with a straight fine cuticular ductule that is 
surrounded by a sheath of packed microvilli, often showing a more or less parallel 
organization (Fig. 6). Corresponding with the intracellular ductule, there is an 
extracellular duct that carries the secretion of the secretory cell to the lumen of the 
venom reservoir. There is no significant change in the thickness of the cuticular lining 
of the duct when compared with the thickness of the lining of the rest of the convoluted 
gland. The intracellular ductule (diameter approximately 0.5 pm) is provided with 
fenestrations. In our study, we found no separate duct cells occurring in connection 
with the secretory cells. The cuticle forming the lining of the convoluted gland 
invaginates in between the epithelial cells, so that the epithelial cells function as duct 
cells (Fig. 6). 

When looking at the precipitated secretion inside the reservoir, one can see that its 
electron density is similar to that found inside the intracellular ductule of the end 
apparatus (Fig. 6). Tracheoles were observed in the vicinity of these cells. Several cells 
of group 3 in the convoluted gland possess numerous mitochondria with tubular cristae 
(Fig. 8). 

(4) The secretory cells of the free (unembedded) secretory tubule. Another large 
secretory body of the venom gland is located in the secretory cells of the bifurcated free 
tubule, which has a relatively wide central lumen lined with a 0.1 -pm-thick cuticular 
border. This cuticle is formed by the underlying cells. Secretion from the glandular cells 



328 E. Schoeters and J. BilJen 

is drained by narrow cuticular ducts into the central lumen of the tubule. Large 
electron-lucid areas surround parts of the microvillar border of the end apparatus (Fig. 
9), which is the intracellular collecting duct for the secretion. Inside these electron-lucid 
areas, membrane-like structures, looking like lamellar inclusions, were found (Fig. 9). 
An extensive granular endoplasmic reticulum is found in the secretory cells. Other 
characteristics are the well-developed Golgi apparatus and small elongated mitochon- 
dria (Fig. 10). Small electron-dense vesicles were observed, but their nature remains 
unknown. 

DISCUSSION 
Based on previous accounts (Kanwar and Sethi, 1967; Kanwar and Kanwar, 1975; 

Delfino et al., 1983; Billen, 1986), the main secretory body of the venom gland is 
believed to be situated in the free tubules. However, it seems that the importance of 
the convoluted gland as a secretory entity has been underestimated in those 
publications. 

The secretory cells of the convoluted gland in D. austrulis are very well provided with 
tracheoles, which branch out from the fairly large trachea penetrating the convoluted 
gland close to the invagination of the tubule into the venom reservoir. The 
well-developed tracheolar supply indicates pronounced oxygen demand for a normal 
functioning of these cells. Another important aspect of the convoluted gland in D. 
austrulis is that haemolymph is in contact with all cell types inside the convoluted gland. 
As a consequence, the convoluted gland cells are not isolated from the rest of the 
haemolymph and exchanges of metabolic molecules might occur. In earlier publications 
on the venom gland morphology of Puruponeru cluvutu (Hermann and Blum, 1966) and 
Myrmicu rubru (Billen, 1986), the free tubules were depicted as if in direct contact with 
the reservoir wall. It was believed that the secretion could reach the stored venom at 
that point. Our recent observations provide evidence that the pathway which the 
secretion follows is much longer than previously assumed. 

When looking at the transition between the glandular cells with end apparatus 
secreting directly into the venom reservoir and their corresponding duct cells, we found 
a rather special organization. Usually, there is considerable change in the cuticular 
lining at the junction of the intracellular duct and the efferent duct (Billen, 1986). 
Usually, the fibrillar endocuticle does not continue in the duct cell. However, the 

Fig. 4. Epithelial lining of the venom reservoir where the tubule is situated. Note the complex 
interdieitating membranes of 2 neighbouring cells (arrow) of eoithelial cells (group 1). The cuticle 
consists of 2 yayers that have different electron densities: The *flocculent black layer (*) lining the 

cuticle is venom precipitation due to fixation in glutaraldehyde. Scale bar = 5 pm. 
Fig. 5. Secretory cell (group 2) of the tubular part in the convoluted gland. Few organelles are 
observed in the cytoplasm, but a distinct end apparatus (EA) can be seen. The microvilli usually 
are densely packed. The nucleus (N) is ovoid and shows little chromatin condensations. Note the 

thin epithelial cells (*) adjacent to the thin cuticle of the lumen. Scale bar = 5 pm. 
Fig. 6. Secretory cell (group 3) that discharges its secretion directly into the reservoir. Numerous 
mitochondria (mt) surround the end apparatus (EA). The extracellular duct shows an obvious 

widening at the site of transition into the intracellular duct (arrow). Scale bar = 5 pm. 
Fig. 7. Signs of cellular degeneration in a secretory cell of the convoluted gland (group 3). These 
spherical bodies are clearly electron-dense and contain lamellar structures. A tracheole (arrow) is 

situated between the cell and the cuticular lining of the convoluted gland. Scale bar = 1 Fm. 
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interrupted epicuticle becomes much thickened prior to entering the duct cell (Billen, 
1986). In D. a~&&, we did not observe such changes. The thickness and the 
appearance of the epicuticular lining remain remarkably constant. 

Ants, in general, require an adequate protection against self-intoxication. Therefore, 
a mechanical barrier exists, separating venom substances and internal tisues. This 
barrier also exists between the venom and the convoluted gland cells, but in D. 
austrulis, it is less thick than between venom and internal tissues and the haemolymph. 
All secretory cells in the convoluted gland possess a well-developed end apparatus, and 
therefore modification of the secretory products to achieve their final toxicity is 
possible. 

The presumed pathway for the secretion is as follows: the precursor molecules first 
pass through the cells of the free tubules after their uptake from the haemolymph. 
Because a well-developed granular endoplasmic reticulum occurs in these cells, a 
pronounced protein synthesis probably occurs there. The free (unembedded) tubule 
then penetrates the muscles surrounding the venom reservoir, and continues its passage 
(almost parallel with the reservoir wall) embedded in muscles. This part of the tubule is 
still located outside the reservoir. Finally, the compounds that have passed through the 
embedded tubular region in the convoluted gland may be modified by the secretion of 
the gland cells that discharge their substances directly into the reservoir. Since these 
cells occur in such high numbers, their importance certainly cannot be neglected. The 
substances these cells produce are probably added to the venom. 

In the secretory cells of the free tubules in several ant species, a well-organized 
granular endoplasmic reticulum is present. In contrast with these observations, little 
granular endoplasmic reticulum was observed in the secretory cell categories found in 
the convoluted gland. Based on this important aspect, one can see that a certain degree 
of compartmentalization has occurred in ants. Compartmentalization of the secretory 
activity in the venom gland has already been described by Ratcliffe and King (1967) for 
Nusoniu vitripennis (Pteromalidae). An explanation given by these authors is that there 
is a site for uptake and biosynthesis, well separated from the site of (enzymatic) 
activation of the venom. Parallels are drawn with enzymatic activity in vertebrate 
organs, such as the pancreas (Ratcliffe and King, 1967). Another remarkable parallel is 
also provided by the occurrence of cells in the convoluted gland that have mitochondria 
with tubular cristae, which are quite rare in insect exocrine glands. Whether the above 
parallels occur in Dinoponeru certainly needs more evidence, but the existence of 
distinct compartments suggests the possibility. In addition, secretion or its precursors 
only come into contact with those of the cells secreting directly into the reservoir after 
passage through the tubules, simply because of the morphological organization of the 
separate secretory regions. 

Fig. 8. Mitochondria with tubular cristae in secretory cell (group 3) of winged protrusion of the 
convoluted gland. Scale bar = 1 pm. 

Fig. 9. The secretory cells (group 4) of the free tubule. The end apparatuses with their 
corresponding ducts (D) and surrounding large electron-lucid areas are clearly visible. Scale 

bar = 5 pm. 
Fig. 10. Peripheral region of secretory cell (group 4) of the free tubule with adhering basement 
membrane (bm). mt = mitochondria; RER = granular endoplasmic reticulum. Scale bar = 5 pm. 
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Our investigations could not demonstrate the presence of nerve fibres in the 
convoluted gland. However, for the free tubules of the venom gland in the army ant 
Anomma molesturn, nerve fibres have been demonstrated by Billen (1985). 

A remarkable aspect of the general morphology and ultrastructural organization of 
the convoluted gland in Dinoponeru is its obvious similarity with the convoluted gland 
found in social wasps belonging to Vespinae. This similarity in convoluted gland 
structure between vespine wasps and the Ponerinae, which are considered as a 
relatively primitive ant subfamily, may reflect the generally assumed phylogenetic 
origin of ants from a wasp-like ancestor (Hiilldobler and Wilson, 1990). 
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