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ULTRASTRUCTURE OF THE GLAND RESPONSIBLE FOR THE SYNTHESIS.. -,,.,,,
OF AN AGGREGATION PHEROMONE IN RHYNCHOPHORUS PALMARUM

(L.) (Coleoptera: Curculionidae)
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Abstract

The ultrastructure of the glands responsible for synthesizing the aggregation phero-
mone rhynchophorol in the beetle Rhynchophorus palmarum (L.) was studied. Giands
from live beetles were removed and examined under a light microscope using semithin
sections (~1um) and under a transmission electron microscope (TEM) using ultrathin
sections (60 nm). The glands show an alveolar structure without a reservoir and the cells
making up the gland are arranged in a typical acinus pattern. The existence of two types
of cells with different electron densities, secretion canaliculi, numerous mitochondria and
smooth endoplasmic reticulum in abundance were observed. These latter organelles are
characteristic of cells which synthetize non-proteinaceous substances and are thus, likely

candidates for the producion of rhynchophorol.

The beetle Rhynchophorus palmarum (L.) is a common species in the Neo-
tropics and is one of the main pests of the Coconut palm, Cocos nucifera L.
and the African oil palm, Elaeis guineensis Jacq. (Bedford 1980; Barreto 1986;
Herndndez ef al. 1992; Sdnchez and Cerda 1993). A population of 30 beetles
is sufficient to cause the death of one palm tree (Fenwick 1967; Griffith 1968).
More important than the direct damage caused by larval feeding is that R.
palmarum is a vector of the phytoparasitic nematode Bursaphelenchus coco-
philus (Cobb). This is an obligate parasite, found in all the tissues of the host
palm and the causal agent of the Red Ring disease, named after the presence
of a red ring, 3-5 cm wide, which circles the inner perimeter of the stem

(Griffith 1987; Giblin 1990).
Rhynchophorus palmarum depends on a compl%} Prgcqgsso&;ll"eralcé} com-
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FACULTAD DE AGRONGMLS

297
Unlversidad Central da Venezuey



298 THE COLEOPTERISTS BULLETIN 52(4), 1998

munication to Jocate new hostplants, for the finding of mates and for mating
(Jaffé et al. 1993). Moura er al. (1989) and Rochat er al. (1991a) demonstrated
in field experiments that it is the adult males that liberate the aggregation
pheromone. Rochat et al. (1991b) identified this pheromone as the volatile
2(E)-6-methyl-2-hepten-4-ol, giving it the name rhynchophorol. These findings
were confirmed by field experiments (Oehlschlager er al. 1992, 1993), that
also identified the molecular structure of the compound. Sdnchez er al. (1996)
determined through chemical, behavioral and morphological data, that a pair
of symmetrically arranged glands in the parietal region of the thorax of the
males is responsible for the synthesis of rhynchophoro!l (Fig. 1.1)

The study of the ultrastructure of exocrine glands in insects has only been
developed in recent years with most investigation being undertaken in the
social insects (Billen 1987). This author indicates that the cytoplasm generally
contains smooth endoplasmatic reticulum, numerous mitochondria and a well
developed Golgi complex, typical of cells which produce non-proteinaceous
substances. Although.in Coleoptera exocrine gland cells have not been well
studied, the investigations undertaken indicate that the synthesis of the pher-
omones occurs principally in the abdominal region and the legs (Borden and
Slater 1969; Hammack er al. 1973; Levinson er al. 1978; Lew and Ball 1978;
Faustini et al. 1982; Imai ef al. 1990; Dowd and Bartelt 1993). Many of the
details of the cellular structure and their functional relation to the production,
liberation and behavioral effects of the different substances secreted, however,
remain to be studied.

Here we describe the morphology and ultrastructure of the glandular system
responsible for the synthesis and secretion of rhynchophorol in R. palmarum
and relate this to the function of the pheromone in the behavior of the insect.

Materials and Methods

This study was undertaken with adult beetles collected using the methods
described in Herndndez er al. (1992), from Distrito Acevedo, Estado Miranda,
Venezuela.

The beetles were transported to the Behavior Laboratory at the Universidad
Simén Bolivar where they were maintained individually in plastic pots at a
temperature of 23-27°C, and relative humidity of 70-90% and fed on sugar
cane.

The bestles were prepared for structural and ultrastructural studies by cool-
ing them for 15 min at —5°C. They were then dissected using a stereoscopic
microscope at 80X in a phosphate solution (PBS), pH 7.2, 360 mOsm/liter.
The dissection was accomplished by first removing the rostrum and then cut-
ting the exposed tissue dorsolaterally to facilitate observation of the glands.
These were immediately fixed in situ at room temperature, in a solution of
glutaraldehyde at 2.5% and paraformaldehyde at 1% in PBS. The dissected
tissues were submerged in this solution at 4°C for 1 h and immediately washed
in PBS for 5 min and post fixed in osmium tetroxide (OsO4) at 1% in PBS at
4°C for 1h (Coulfield 1957). They were subsequently washed in PBS for two
periods of 5 min each at 0°C. The tissues were gradually dehydrated in a series
of ethanol at 50, 70, 80 and 100% for 5 minutes at each percentage, ending
with a mixture of ethanol:propylene oxide at a ratio of 1:1 at room temperature
for 10 minutes and afterwards with pure propylene oxide for the same amount
of time. They were then embedded with a mixture of propylene oxide and
Polybed resin (1:1) at room temperature for 1 hour and afterwards a Polybed
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Fig. 1. 1.1) Drawing of Rhinchophorus palmarum showing the position of the pher-
omone giand (PPG) and rostrum (R), head (H) and prothorax (P): 1.2) Scanning micro-
scope view of the gland showing the efferent duct (ED), alveolar duct (AD) and alveolus
(A); 1.3) light microscopic view of the cellular structure in the acinum showing the dark
cells (type II) and clear cells (type III), nucleus (N), cytoplasm (C) and lacunar space
(LS); 1.4) Tranverse section .of the rostrum showing longitudinal ducts (TD), cuticle
(Cu) and trichogen cells (TC).

resin mixture at 4°C for 24 hours. Finally, they were embedded in Polybed
mixture and hardened in an oven at 60°C over a period of 2-3 days. Semifine
sections for light microscopy (approx. 1 wm) and ultrafine sections for electron
microscopy (60 nm) were obtained using a Reichert ultramicrotome, equipped
with a diamond knife. Observations and photographs were taken using a Poly-
var light microscope and Philips EM-400T transmission electron microscope.



300 THE COLEOPTERISTS BULLETIN 52(4), 1998

The tissues selected for scanning electron microscopy were passed from
100% ethanol to 100% acetone and dried using the critical point method in a
Balzers CPD-020 apparatus. They were then shaded with gold-palladium and
observed in a Philips SEM 505 scanning electron microscope.

Results

The dissection of the thorax of adult male beetles revealed the presence of
a pair of symmetrical glands localized internally in the thorax as indicated in
figure 1.1. Scanning electron microscopy revealed a structure formed by spher-
ical units, organized in acinous and interconnected by tubules. The tubules
converge in a common peripheral duct (Fig. 1.2). Organization of the gland
as observed by light microscopy is illustrated in figure 1.3. This gland is made
up of acini which are formed by two types of cells, clear and dark, which shall
be referred to as types II and III, respectively, following the classification
proposed by Noirot and Quennedey (1974, 1991) and Quennedey (1975). Fig-
ure 1.4 shows a section of the rostrum of the male in the sensilia zone, without
any trace of a gland in this area.

The dark cells (type II cells) are the more numerous of the two types in the
gland. The nucleus is circular and located in the centre of the cell. It contains
clusters of chromatin of varying sizes uniformly distributed. The cytoplasm is
relatively dark, with a granular aspect. These cells are not in contact with the
basal lamina.

The clear cells (type II cells) are less numerous than the dark cells, with
the nucleus at the periphery of the cell. They are of irregular form and the
chromatin is observed as dispersed grains. The cytoplasm is amorphous and
less dense than the type II cells. The light cells surround the dark cells starting
at the periphery of the acini and reaching the center in the form of trabecule
between the dark cells. In the zone of contact with the basal lamina, the basal
membrane is very folded (Fig. 1.3, 2.3, 3.1).

Ultrastructural details of the type II and type III cells are shown in figure
2.1. Especially notable is the presence of numerous, dense mitochondria, of
variable shape filling the cytoplasm of the type II cells. This large amount of
mitochondria accounts for the coloration of the dark cells observed in thick
sections. Ribosomes, either free or grouped in rosettes, and glycogen granules
are distributed among the mitochondria and small portions of rough endoplas-
mic reticulum are found closer to the nucleus. In the interior of the mitochon-
dria of these cells are crystalline structures, similar in form to that of the
enzymes found in mammalian white blood cells (Fig. 2.2).

The type I cells (Figs. 2.1, 2.3) are clearly seen to be located between the
type II cells. They are less electron dense and have fewer mitochondria . The
cytoplasm contains generally numerous tubular-vesicular structures corre-
sponding to smooth endoplasmic reticulum. Small portions of rough endo-
plasmic reticulum can also be observed around the nucleus. In the cytoplasm,
free ribosomes or ribosomes in rosettes and glycogen granules can also be
seen. A peculiar structure, consisting of small collector ducts larger than the
endoplasmic reticulum cisternae and apparently connected to them is also pre-
sent (Fig. 2.1). These ducts seem to converge towards a wider central tubule
containing a dense, amorphous material (Figs. 2.1, 3.3). In longitudinal sec-
tions (Fig. 3.4) this same dense material is observed in the interior of the
ducts, as well as in narrower intercellular canals connected to them, (Fig. 3.4).

The lacunar zones observed around the periphery of the acinus in light



Fig. 2. 2.1) Rhynchophorus palmarum, section through associated pair of cells: Dark
cells (type II) showing the nucleus (N), numerous mitochondria (M) and Chromatin (Cr});
Clear cells (type III) showing transverse section of collector duct (CD), lumen (L),
tracheole (T) and granule (G); 2.2) Detail of the mitochondria (M) with crystals (C) in
cells type II; 2.3) Clear cells (type 1II) showing the nucleus (N), ducts (CD) and basal
lamina (BL). In 2.1 note the position in the types of cells.

microscopy, appear to be formed by many fingerlike cytoplasmic processes
located side by side and separated by many dilated intercellular spaces (Fig.
3.1). A basal lamina of ~0.3 pm lines the acinar wall and closes the spaces
between the fingerlike processes (Fig. 3.1). Tracheoles are present on the out-
side of the basal lamina, some of which are branched (Fig. 3.1).
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Fig. 3. 3.1) Rhynchophorus palmarwm, detail of the lamina basal; 3.2) Epithelial
union between two cells (EU) and lysosome (LS); 3.3) Detail of the transverse section
of the collector duct; 3.4) Longitudinal section of the duct, lacunar space (LE), basal
lamina (BL), tracheole (T), mitochondria (M), smooth endoplasmic reticulum (SER),
lumen (L), collector duct (CD), canaliculus within one of the cells (IC).

In the lateral walls of the cells of the acini, epithelial junctions can also be
observed (Fig. 3.2) where single desmosomes (not shown) are located between
the fingerlike processes.

Discussion

The present results verify and complement those obtained by Sénchez et al.
(1996) who indicated that the pair of symmetrical glands localized in the thorax
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of male beetles could be modified salivary glands. These authors also reported
that the glands do not have a reservoir and that the organization of the cells
corresponded to that of acini. The majority of the papers in the literature report
-that the pheromones in Coleoptera are produced principally in the abdominal
tissues (Borden and Slater 1969; Hammack et al. 1973; Levinson et al. 1978; -
Lew and Ball 1978; Imai er al. 1990; Dowd and Bartelt 1993). Apparently,
however, there is no specific region in the body of the beetle responsible for
the synthesis of pheromones. In Tribolium castaneum (Herbst), for example,
the glands are located in the femur of the prothoracic legs (Faustini er al.
1982), whereas in Carpophilus freemani Dobson they are :associated with the
tracheal system (Dowd and Bartelt 1993).

A knowledge of the structure of the gland complements that of behavioral
and chemical data. Thus, Sdnchez er al. (1996) indicated that the exocrine
glands continually produce the aggregation pheromone and that this is lib-
erated when the insect is stimulated by odours of vegetable origin. The
presence of the numerous ducts, which initially receive and transpori the
secretion from several cells via intra and extracellular canals (Figs. 2.1, 3.3,
3.4), explain at a structural level, how the secretory function of the cell is
maximized.

A general characteristic of all the tissues processed is the existence of cells
with different electron densities. This, along with other ultrastructural .obser-
vations, suggests the existence of two populations of cells which agrees with
the classification proposed by Noirot and Quennedey (1974, 1991) and Quen-
nedey (1975) of cell types II and III (Fig. 2.1). The type II cells contain a
large number of polymorphic mitochondria, distributed randonly in the cyto-
plasm and are responsible for the provision of energy for the cellular processes
and for the liberation of products to the type III cells, thus functioning as
endocrine cells. The type III cells are characterized by a thick network of
smooth endoplasmic reticulum and abundant excretion canaliculi which com-
ply with the exocrine function of the acinus. This would suggest a glandular
system which synthetizes non-proteic substances such as rhynchophorol. These
results corroborate those of Billen (1987), who states that this type of orga-
nization in the cytoplasm is typical of insect cells which secrete non-protein-
aceous substances and also typical of the parietal cells of the gastric mucosa
in mammals engaged in the production of hydrochloric acid (Sedar 1955, 1957;
Vial and Orrego 1960).

The large number of mitochondria and tracheoles in the cells suggests that
this gland consumes a high level of energy and thus demands high quantities
of oxygen, especially during the biosynthetic processes. In the same way, the
ultrastructural characteristics of the basal region of the cell, conformed by a
network of fingerlike processes separated by lacunar spaces, suggest that the
cell captures immense quantities of water, ions and molecules in a similar way
to the cells of the renal glomeruli (Fawcett 1989).

Referring to the work reported by Séanchez er al. (1996), and to the ob-
servations made in the present study, we can assume that the gland contin-
ually synthesizes rhynchophorol at minimal levels during periods of low
activity and that this synthesis is greatly increased when the insect reaches
a highly motivated state, to achieve an efficient aggregation of individuals
at a specific site.

It is probable that the structural and functional model of the glands that
synthesize rhynchophorol in R. palmarum will also be found in the glands of
other species of the Curculionidae and with this in mind a general scheme of
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glands specialized in the rapid synthesis and release of pheromones when re-
quired, could be the following:

. Stimulation of and synthesis in the type II cells.

. Release of hormones from type II cells to type III cells.

. Reception of the hormonal signal by the type III cells.

. Stimulation and synthesis of the rhynchophorol by the type III cells.
. Release and secretion of the rhynchophorol.
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