The oral gland, a new exocrine organ of termites.
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Abstract

Termites have a rich set of exocrine glands. These glands are located all over the body,
appearing in the head, thorax, legs and abdomen. Here, we describe the oral gland, a new
gland formed by no more than a few tens of Class | secretory cells. The gland is located on the
dorsal and ventral side of the pharynx, just behind the mouth, and is divided into two regions.
The dominant secretory organelle is smooth endoplasmic reticulum. Secretion release is

under direct control of axons located within basal invaginations of the secretory cells. The
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secretion is released through modified porous cuticle located at the mouth opening. We
confirmed the presence of the oral gland in workers and soldiers of several wood- and soil-
feeding species of Rhinotermitidae and Termitidae, suggesting a broader distribution of the
oral gland among termites. The oral gland is the smallest exocrine gland described in termites
so far. We hypothesise that the oily secretion can either ease the passage of food or serve as

a primer pheromone.

1. Introduction

Termites are the most abundant insects of tropical land biotopes (Engel et al. 2009; Bar-On et
al. 2018). They are decomposers of dead plant material at various decomposition stages,
starting from freshly dead plant tissues, and ending with humified remnants of organic matter
scattered within inorganic soil matrices (Donovan et al. 2001; Bourguignon et al. 2011). The
success of termites is due to a combination of factors, including their lignocellulose diet, their
complex social structures and foraging strategies, and their lifestyle in closed defendable
systems of nests and galleries allowing for advanced defensive and communication abilities

(Sobotnik et al. 2010a; Krishna et al. 2013).

Most termite activities are mediated by exocrine organs. As many as 20 exocrine glands have
previously been described in termites (Sobotnik et al. 2015), and there is a growing level of
understanding about their involvement in defence. The frontal gland, used in defence, is
perhaps the most studied organ of termites, and is found in soldiers, presoldiers, imagoes and
some workers of Neoisoptera (Quennedey 1984; Sobotnik et al. 2004, 2010a, b; Kutalova et
al. 2013). The labial glands of soldiers always have defensive functions, while that of workers
are usually involved in feeding activities (Noirot 1969; Sillam-Dusses et al. 2012). One notable
exception is the labial glands of Neocapritermes taracua, which produce the precursors of a
defensive secretion released by self-sacrifice (Sobotnik et al. 2012; Bourguignon et al. 2016).
Additional defensive glands have evolved in workers of several taxonomic groups, such as the
dehiscent glands in Ruptitermes spp. (Poiani and Costa-Leonardo 2016), the mandibular
glands in Constrictotermes cyphergaster (Costa-Leonardo and Shields 1990), and the crystal

glands in Neocapritermes taracua (Sobotnik et al. 2014).
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Many exocrine glands are also known to be involved in communication. Such organs comprise
the labral gland, helping to coordinate defensive activities (Palma-Onetto et al. 2018, 2019),
the sternal gland, that secretes trail-following pheromones (Bordereau and Pasteels 2011;
Sillam-Dussés 2010), the labial and frontal glands of soldiers, producing alarm pheromones in
several species (Vrkoc et al. 1978; Pasteels and Bordereau 1998; Cristaldo et al. 2015; Delattre
et al. 2015), and the imaginal sternal, posterior sternal and tergal glands, known to produce
sex pheromones (Bordereau and Pasteels 2011; Sillam-Dusses et al. 2011). However, the

function of most termite glands discovered so far remains hypothetical.

During our research on termite glands, we noticed the presence of a yet-unknown exocrine
organ located at the boundary between the mouth and the pharynx, just behind the mouth
opening. In this paper, we describe this new gland, and name it the “oral gland”. We selected
three distant termite species, Prorhinotermes simplex (Rhinotermitidae), Sphaerotermes
sphaerothorax (Termitidae: Sphaerotermitinae) and Spinitermes trispinosus (Termitidae:

Termitinae), in which we report the presence of the oral gland, both in workers and soldiers.

2. Material and Methods
Termite material

We used termite colonies maintained in breeds in Prague, Czech Republic. Prorhinotermes
simplex (Hagen, 1858) is kept in laboratory breeds since it was collected in Soroa, Pifar del Rio
(Cuba) in 1964; Sphaerotermes sphaerothorax (Sjostedt, 1911) was imported, with legal
permits, from Ebogo Il, Mbalmayo (Cameroon), in 2016; Spinitermes trispinosus (Hagen and
Bates, 1858) was imported, following on legal procedures, from Petit Saut (French Guiana,

France) in 2016.

Microscopy procedures

Living termites (workers and soldiers) were fixed in a 0.1M phosphate buffer solution with 2%
glutaraldehyde and 2.5% formaldehyde (both from Polysciences inc., EM Grade) for 1 day at

room temperature. The mandibles were carefully removed to ease subsequent sectioning. We
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followed the procedure described in detail by Sobotnik et al. (2004) for subsequent steps.
Semithin sections were stained with methylene blue and visualised using Nikon Eclipse Ni.
Ultrathin sections were stained with uranyl acetate and lead citrate (standard recipe) and

observed using a Jeol 1011 transmission electron microscope.

3. Results

In termites, the dorsal part of the preoral cavity (i.e. the cibarium) opens into the pharynx.
The pharynx, located posterior to the mouth, is oval-shaped in cross section. The oral gland
was composed of two groups of secretory cells located at the mid part of the dorsal and
ventral pharynx (Fig. 1A). The gland consisted of 30 to 60 secretory cells. As the basic structure
of the gland remained unchanged among all studied species and castes (see Figs 1 and S1),
the following description summarises the common characteristics. Specific features are listed
at the end of the Results section. The main characteristics of the oral gland were most obvious
in the gland centre, while the ultrastructure of peripheral cells gradually changed to resemble
that of unmodified epithelium. The cells located near the secretory epithelium comprised: (i)
standard epidermal cells with a few organelles and nuclei rich in condensed chromatin, (ii)
epidermal cells attaching the muscles to the pharynx cuticle through numerous microtubules,
located inside the cells, and tonofibrillae, embedded into the cuticle matrix outside the cells,

and (iii) sparse chemoreceptors containing four or five dendrites (not shown).

The secretory epithelium was formed exclusively by Class | secretory cells (sensu Noirot and
Quennedey 1974). The epithelium was between 5 and 10 um thick, both on the dorsal and
ventral faces of the anterior pharynx. The secretory cells were cubic, or slightly columnar, and
contained irregular nuclei (about 4 um in the largest dimension) located at cell bases, and
filled predominantly with dispersed chromatin interspersed with larger chromatin aggregates
(Figs 1B, C). The secretory epithelium was covered by single- or multiple-layered basement
membrane, roughly 40 nm thick. The epithelium located nearby muscle attachments was
often markedly thicker, up to 200 nm in thickness, and contained collagen fibres. Basal
invaginations were well-developed, although they never reached deeper than approximately
one-third of the secretory epithelium thickness, and they only rarely revealed pinocytotic
activity. Singular free axons were occasionally observed within the basement invaginations
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(Fig. S2D). The cytoplasm at the secretory cell bases contained high amount of smooth
Endoplasmic Reticulum (ER hereafter), made of roughly 50 nm thick tubules, and low amounts
of rough ER, free ribosomes, electron-lucent vesicles, and occasionally free lipid-like droplets

and protein granules surrounded by plasma membrane.

The apical portion of secretory cells included abundant smooth ER, abundant small
mitochondria (about 0.5 um in their longest dimension) and well-developed microvilli, about
100 nm thick and up to 0.6 um long (Fig. 1D), the length and abundance of which decreased
towards the gland periphery. The microvilli always possessed a central channel (Fig. S2B),
thought to be connected to smooth ER, according to Quennedey (1998). Small lucent vesicles
(about 500 nm in diameter) were often observed, and rarely seen to fuse with the apical
plasma membrane at the microvilli bases (Fig. 1D). The intercellular junctions comprised apical
zonula adherens, always followed by a septate junction (about 25 nm thick) and a gap junction
(about 15 nm thick). The junctions between neighbouring secretory cells were approximately
confined to the apical half, the rest of the cell membranes being devoid of junctions. The
cuticle overlying the oral gland was formed by modified endocuticle saturating the secretion
release. Endocuticle modifications varied with position, starting from enlarged pore canals
and ending with endocuticle having a spongy appearance. The endocuticle was slightly thinner
in workers (ranging, according to species, between 0.6 and 1 um in thickness) compared to
soldiers (1.4 to 1.9 um thick, according to species) (compare Figs 1B, S1A, E, F). The exocuticle
was relatively thin, penetrated by numerous pore channels leading to epicuticular pores
piercing a very thin epicuticle (Fig. S2A). The thinnest exocuticle was observed in S.
sphaerothorax (about 100 nm in both worker and soldier castes), followed by P. simplex
(about 400 nm in worker and 550 nm in soldier), and the thickest exocuticle was found in S.
trispinosus (about 400 nm in worker and 1 um in soldier). The epicuticle was made of an inner
epicuticle between 20 and 40 nm thick, and an outer epicuticle about 15 nm thick. The

diameter of epicuticular pores was roughly 20 nm.

Apart from the general structure of the oral gland described above, P. simplex workers and
soldiers possessed many glycogen granules, especially at the secretory cell bases. Both castes
of S. sphaerothorax contained higher amounts of lipid-like droplets, especially in the ventral
portion of the gland in workers. Another organelle present only in S. sphaerothorax is the Golgi

apparatus, observed in rare cases at the secretory cell bases (Fig. S2C). Lastly, some of the oral
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gland secretory cells found in S. trispinosus contained large lucent vesicles, up to 5 um in

diameter.

4. Discussion

Here we report the presence and ultrastructure of the oral gland, a new exocrine organ in
termites. The gland was observed in both workers and soldiers of the wood-feeding termites
Prorhinotermes simplex (Rhinotermitidae) and Sphaerotermes sphaerothorax (Termitidae:
Sphaerotermitinae), and in the soil-feeding species Spinitermes trispinosus (Termitidae:
Termitinae). The presence of the gland in unrelated termite species suggests it is widespread
among termites. The oral gland is extraordinarily small, the smallest of all termite glands
identified so far, which likely explains why it has been overlooked until now. At the same time,

its universal distribution suggests it has an important function.

The glands of termites can be classified into two categories according to their distribution
among castes and species. The glands present in all taxa and castes are the labral, mandibular,
labial and sternal glands (Lambinet 1959; Noirot 1969; Sobotnik and Hubert 2003; Sobotnik
and Weyda 2003; Palma-Onetto et al. 2018, 2019). All other glands are confined to some
groups and/or castes (Billen and Sobotnik 2015), with the exception of the frontal gland, which
occurs in most castes in most species of Neoisoptera (Deligne et al. 1981; Quennedey 1984;
Sobotnik et al. 2010b; Kutalova et al. 2013; pers. observ.). The oral gland probably belongs to
the former category, as it likely occurs in both workers and soldiers of “lower” (all families
except Termitidae) and “higher” termites (only Termitidae), irrespectively of their diet, i.e.
wood- or soil-feeders. This opinion is also supported by a single observation of the oral gland
in a soldier of the wood-feeding termite, Microcerotermes sp. (Termitidae: Termitinae) (see

Fig. S1F). Future studies are needed to confirm this statement.

The function of the oral gland is unclear, and we were unable to characterize it in the current
study due to methodological constraints. However, we can formulate some hypotheses based
on the structure and location of the gland. The cytoplasm of the secretory cells is dominated
by smooth ER, an organelle known to produce lipidic substances that are often used for
communication purposes (for review see Percy-Cunningham and MacDonald 1987 or Tillman

et al. 1999). The production of lipid-like secretion is further corroborated by the presence of
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droplets located freely in the cytoplasm in several samples studied here. Other secretory
organelles observed within the secretory cells, such as rough ER or Golgi apparatus, reach
considerably lower abundance and probably serve only for maintaining the secretory function
achieved by the smooth ER. However, the position of the oral gland suggests its secretions are
not used for communication, as the secretion is released just behind the mouth. Therefore,
we suggest that the secretion may lubricate the entrance of the digestive tube, facilitating the
passage of food particles (Donovan et al. 2001). Alternatively, the gland may produce the
primer pheromones regulating caste development within colony. Indeed, termite colonies are
usually founded by a couple of dealate imagoes, i.e. the future king and queen (called primary
reproductives), and the formation of secondary reproductives (also called neotenics) is
inhibited by the royal couple via a substance distributed by contact among nestmates (Lischer
1961; Springhetti 1972). Some volatile substances playing a role in these inhibitory processes
have recently been identified (Matsuura et al. 2010; Funaro et al. 2018), and could possibly
be produced by the oral gland. The same is true for soldiers, which have an inhibitory effect
on the formation of additional soldiers (Lefeuve and Bordereau 1984; Mitaka et al. 2017). The
presence of neotenics is very common in termites, especially in “lower” termites, and known
to occur in two of the studied genera: Prorhinotermes and Microcerotermes (Myles 1999).
Thus, the primer pheromone could be released by the oral gland and then transmitted to
other colony members during oral trophallaxis (McMahan 1969), as has already been
suggested (LUscher 1961). Other possible functions, such as production of releaser
pheromones, digestive enzymes, or defensive compounds, seem quite unlikely due to the

gland size, structure and ultrastructure.
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Figure 1: Development of the oral gland. A. Sagittal section of the head of Sphaerotermes

sphaerothorax worker. Arrows mark the two regions of the oral gland secretory epithelium.
Scale bar represents 200 um. B. Overall development of the oral gland in Spinitermes
trispinosus worker. Note the highly modified cuticle with numerous epicuticular pores. Scale
bar represents 2 um. C. The oral gland secretory epithelium in Spinitermes trispinosus soldier.
The arrows mark glycogen granules. Scale bar represents 2 um. D. A detail of the apical portion
of the oral gland secretory cell in Sphaerotermes sphaerothorax worker. The arrow marks
fusion of small secretory vesicle with apical membrane. Scale bar represents 0.5 um.
Abbreviations: b, brain (supraoesophageal ganglion); en, endocuticle; ex, exocuticle; Ib,
labrum; m, mitochondria; mv, microvilli; n, nucleus; ph, pharynx; rer, rough endoplasmic

reticulum; ser, smooth endoplasmic reticulum; v, vesicles.
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