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Abstract—An historical overview is given of the most important discoveries and hypotheses regarding stimulus transport in
insect olfaction. The great structural similarity between the pore tubules of olfactory single-walled wall-pore sensilla and the
epicuticular filaments of non-olfactory cuticle may reflect not only a similar composition but also a similar transport mechanism.
The new “wick concept” of pore tubules comprises 2 developmental periods. First, during ontogeny of the sensillum, pore
tubules may be involved in the secretion of the material of the outermost epicuticular layers. The pore tubules may function like
the wick in an oil lamp, taking up lipoid molecules from the sensillum lymph for outward transport. During the second period,
after the sensillum has been completed, the pore-tubule wick may work as a dispenser of odorant molecules in an inward
direction. The large surface of pore tubules as compared with the cross section of the outer pores could facilitate the binding of
odorant molecules by the odorant-binding proteins in the sensillum lymph. In double-walled wall-pore sensilla, on the other
hand, pore tubules are not involved in stimulus transport. In this class of olfactory seasilla, the dendrites are protected by a
palisade of cuticular fingers, and openings between these fingers, the spoke channels, are the stimulus transport pathways. The
fundamentally different topology of sensillar wall pores hints at a separate phylogenetic origin of the two categories of insect
olfactory sensilla. © 1997 Elsevier Science Ltd. All rights reserved.

Index descriptors (in addition to those in the title): pore tubule; spoke channel; epicuticular filament; sensillum lymph; stimulus

transport; stimulus deactivation; perireceptor compartment; perireceptor event.

HISTORICAL OVERVIEW

Leydig (1860) and other investigators of insect olfactory
sense organs in the last century more or less tacitly
assumed that the cuticular covering of these organs must
be permeable to odorants. Much later, such permeability
was demonstrated under the light microscope by Slifer
(1954, 1960) using dyes, such as acid fuchsin or crystal
violet. However, the first scientist who actually saw pores
in the cuticle of an olfactory sensillum was A. Glenn
Richards (Richards, 1952), while studying the pore plates
of the honey bee in the electron microscope. Systematic
ultrastructural investigation of insect chemoreceptive
sensilla started with Slifer ez al. (1957, 1959) and by 1980,
Eleanor Slifer had published over 50 papers on antennal
sensilla, comprising at least one species of every insect
order (listed in Mclver, 1987). Also, Krause (1960) and
Richter (1962) have to be mentioned among the early
electron microscopic studies. My own first encounter with
these structures was some 10 years after Richards (1952),
when I found that the thick-walled sensilla trichodea
of Antheraea pernyi were also perforated by pores and
‘“tubular structures” (see Fig. 1(a-c) in Schneider ef al.,
1964).

Slifer et al. (1959), (p. 163) reported: “The surface of
the short, thin-walled basiconic pegs on the antennal
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flagellum of the grasshopper is penetrated by a large
number of openings between 0.1 and 0.2 ¢ in diameter.
The distal tips of the dendrites of the sensory neurones
lie in these openings and are freely exposed to the air. A
single dendrite tip ends in about 24 closely-packed, finger-
like processes each of which has a diameter close to
0.02 1. The structures later designated as “pore tubules”
were thus interpreted as extensions of the dendritic mem-
brane to allow for direct access of odorant molecules in
the pore openings. Although the dimensions of these
extensions were not compatible with what was known of
normal cell membranes, this concept was shared in the
beginning by most scientists, including our own group
around Dietrich Schneider.

In his thesis on the fine structure and development of
olfactory sensilla basiconica of the beetle Necrophorus,
Ernst (1969) demonstrated that the pore tubules were an
extracellular constituent of the cuticular sensillar wall
and were built by the trichogen cell, before the sensory
dendrite invaded the hair lumen. This lumen in the fully
developed state is filled by the aqueous sensillum lymph
(earlier synonyms: vacuole content, sensillum liquor,
receptor lymph). The pores and pore tubules were thus
still believed to be the site of stimulus entry, but now
stimulus molecules had to be transported further to the
dendritic membrane and the conceptual problem arose
of how lipophilic odorants could pass through the
hydrophilic sensillum lymph (see also Schneider and
Steinbrecht, 1968).
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