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Chapter 3

Electrophysiological characterisation of olfactory
cell types in the antennae and palps of the housefly

Summary

A set of odours was presented to the housefly Musca domestica and the

electrophysiological responses of single olfactory receptor cells in the antennae and palps

were recorded. The olfactory cells in the antennae of the housefly showed a large

variability of response profiles, but multidimensional cluster analysis suggested a

moderate clustering in olfactory response types. The odours of 1-octen-3-ol, amyl acetate,

3-methylphenol, 2-pentanone and R(+)limonene elicited the largest responses in antennal

cells. Most odours elicited responses in cells of only a few of the clusters, but 1-octen-3-ol

was detected by cells of almost all clusters of the antenna. Surprisingly, rather low

responses were found to acetic acid, skatole, indole and muscalure, odours that are known

to attract flies. Response profiles of palpal cells differed considerably from those of

antennal cells. Palpal cells mostly responded to 3-methylphenol and 2-pentanone. In the

palps, the clusters of cells responding to 3-methylphenol and 2-pentanone are clearly

separated from the other olfactory cells. Receptor cells with similar or with different

odour response profiles can reside in one and the same sensillum.
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Introduction

Houseflies, Musca domestica, constitute a major problem in a variety of industries, such

as cattle and poultry farms and food processing industries (Hansens, 1963). Because of

their habit of visiting various human food sources, houseflies may also be vectors of

diseases such as dysentery, gasteroenteritis, cholera and tuberculosis (Grübel et al., 1997;

Tan et al., 1997).

To control houseflies, insect traps using attractive odours may be developed.

Several behavioural studies have been done to identify substances that can be used as baits

or repellents for the flies. These studies concentrated on complex odours of natural

substances: (decaying) food, blood, milk (Morrill, 1914; Richardson, 1917; Brown et al.,

1961; Frishman and Matthysse, 1966), or on odours of single synthetic chemicals

(Richardson and Richardson, 1922; Wieting and Hoskins, 1939; Dethier et al., 1952;

Acree, Jr et al., 1959; Wiesmann, 1960; Frishman and Matthysse, 1966; Mulla et al.,

1977; Warnes and Finlayson, 1986). Several substances were identified to be attractive

or repellent for houseflies, some of which we will further investigate in this study.

Substances deposited by houseflies may also be attractive as some studies revealed that

food sources become more attractive to flies when they had been visited before by

conspecifics (Barnhart and Chadwick, 1953; Dethier, 1955). A specific substance is

(Z)-9-tricosene (muscalure), one of the hydrocarbons present on the body of female flies,

which plays an important role in inducing sexual behaviour in male flies (Carlson et al.,

1971; Carlson and Beroza, 1973; Uebel et al., 1976).

The sensory structures responsible for detection of odours in Diptera are primarily

found on the funiculi of the antennae (Dethier et al., 1963; Slifer and Sekhon, 1964; Bay

and Pitts, 1976). Electrophysiological studies have confirmed the olfactory function of

these structures (Kaib, 1974; Den Otter and Van der Goes van Naters, 1992). Although

Saxena (1958) stated that the palps have no olfactory function, a number of

morphological, behavioural and electrophysiological studies showed that olfactory sensilla

do exist on these appendages (Smith, 1919; Dethier, 1952; Van der Starre and Tempelaar,

1976; Been et al., 1988; Ayer and Carlson, 1992; Charro and Alcorta, 1994; Kelling:

Chapter 2).

Knowledge of the physiology of the olfactory system of the housefly, needed for

a successful development of attractive or repellent formulas, is still limited.

Electrophysiology provides a sensitive and discriminative method for testing biologically

important odours for the housefly. In this report an electrophysiological analysis is made

of olfactory cell types in the funiculi and palps of Musca domestica. Using odours from

different chemical classes, supposed to have different behavioural effects on flies, the
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response profiles of the olfactory neurons are characterized and the neurons are classified

into distinct clusters. Functional differences between antennae and palps are investigated.

Materials and Methods

Insects. Musca domestica pupae of the WHO strain Ij2 were obtained from the Danish

Pest Infestation Laboratory (Lyngby, Denmark). Cultures of the strain were kept in the

laboratory at 25°C and 75% RH. Larvae were reared in an aquous jelly of agar, yeast and

skim milk powder (1:5:5 by weight), and allowed to pupate in wood curls on top of the

jelly. Flies were fed a mixture of milk powder, sugar and autolysed yeast (5:5:1) and had

access to tap water. Experimental flies were younger than 1 day old (newly emerged) or

4-28 days old (mature). Seven experiments with palpal cells of 2-day-old females were

included in the latter group.

Stimuli. Chemicals were obtained in the highest purity available (>98%); see Table 1.

Acetic acid was dissolved in water, the other chemicals were initially dissolved in paraffin

oil. Later we used silicon oil as solvent, as some components in paraffin oil are identical

to substances in the flies’ cuticular wax.

Aliquots of 25 µl of each solution were pipetted onto a 6x35 mm2 filter paper in

a Pasteur pipette. The filter papers contained 10 mg muscalure or 100 µg of the other

chemicals.

Electrophysiology. A fly was immobilized by pushing it gently into a plastic pipette until

its head protruded from the tip, so that its antennae were accessible for recording (Den

Otter et al., 1988). For recording from palpal receptor cells, the tip of the pipette was

softened by heating and a protrusion serving as a platform was made. After cooling down,

two-sided adhesive tape was fixed to the platform and the proboscis of the fly was

extended and stuck on the adhesive tape. Recordings were made using the surface-contact

technique (Den Otter et al., 1980). Glass micropipette/Ag-AgCl electrodes filled with

Beadle-Ephrussi saline were used. For recordings from an antenna or a palp, the blunted

tip (50-100 µm) of the indifferent electrode was inserted into the head of the fly or

between the palps into the proboscis, respectively. By gently pressing the tip of the

recording electrode (<5 µm) against the cuticle of the funiculus or palp, spikes from

individual receptor cells could be recorded. When contact with receptor cells was
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established, the preparation was left undisturbed for 5 minutes before starting an

experiment.

The electrodes were connected to a high-impedance amplifier (Syntech, Hilversum,

The Netherlands). The signal was displayed on an oscilloscope, made audible via a

speaker and stored on tape with a DAT-recorder.

A constant flow (0.5 m/s) of charcoal-filtered, humidified air was passed over the

antennae through a stainless steel tube (i.d. 7 mm), the outlet of which was about 5 mm

from the preparation. For odour stimulation, 2 ml vapour from an odour-loaded pipette

was blown, in 0.2 s, into the airstream through an aperture (3 mm diameter) in the tube,

8 cm from its outlet. The flow over the antennae was maintained at 0.5 m/s by a stimulus

controller (Syntech). Odours were presented in random sequence at intervals of at least

15 s in order to determine the spectrum of adequate stimuli for the cell(s) at a site. The

locations of the sites were noted on rough maps of the funiculi or palps. The whole set of

odours was presented at four sites at most per fly. Not all cells received a complete set of

odours.

Analysis. The action potentials were analyzed using the software package AutospikeTM

(Syntech). Spikes from different cells were distinguished by their amplitudes. It was

uncertain at what moment the bulk of the stimulus reached the recording site after

injection. Therefore, the response magnitude was calculated from the maximum number

of spikes in a sliding 0.1 s period of the response, and expressed as spikes/s. The mean

non-stimulated activity (spikes/s) during the 3 seconds prior to the beginning of the

stimulation was determined and subtracted. When cells were inhibited, the response was

calculated from the longest interval between two spikes and the pre-stimulation activity

was subtracted.

An odour was considered to be adequate when the response was at least two times

higher (excitation) or lower (inhibition) than the standard deviation of the non-stimulated

frequency. Differences between substances, between males and females, and between

newly emerged and mature flies were tested using the non-parametric Mann-Whitney U

test.

To determine whether the olfactory cells could be classified according to their

response spectra, hierarchical cluster analysis (Bieber and Smith, 1986) was performed,

using the complete linkage (furthest neighbour) method. This analysis requires that

recordings from responding cells as well as from non-responding cells are used.
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Table 1. Chemicals used in the present study, their behavioural effect on houseflies (-: repellent,
0: indifferent, +: attractive, el: electrophysiologically active), as claimed by the listed authors,
the main sources in which they are present and the companies from which they were obtained.

odour activity source Company

1-octen-3-ol (1o3) + 1 cattle odour Fluka, Buchs, Switzerland

amyl acetate (AA) -2, 02, 3, +3 fruit Fluka

3-methylphenol (3MP) 0 (+) 3 urine Fluka

2-pentanone (Pent) el 4 food Fluka

R(+)limonene (Rlm) - 5 plant Denka Int, Barneveld, NL

acetic acid (Az) + 2, 6, 7, 8 food Fluka

butyric acid (Bz) -8, 9, + 2, 3 cattle odour Fluka

indole (Ind) + 2, 3, 9 manure Fluka

skatole (Sk) + 2, 3 manure Fluka

Denka repellent (DR) - 5 plant Denka

muscalure (Mus) + 10, 11, 12 housefly Denka

Denka compound (M72) + 5 Denka

demineralized water (H2O) 0 + 13 food/manure

paraffin oil (Solv) 0 4 solvent

silicon oil (Solv) 0 4 solvent Fluka

1 1-octen-3-ol has not been tested in houseflies but was found to be attractive to several other
Diptera (Hall et al., 1984; French and Kline, 1989; Mihok et al., 1995), 2 Brown et al. (1961),
3Frishman and Matthysse (1966), 4 pilot experiments, 5 Denka International, Barneveld, The
Netherlands (pers.comm.), 6 Morrill (1914), 7 Richardson (1917), 8 Wiesmann (1960), 9 Mulla et
al. (1977), 10 Carlson et al. (1971), 11 Carlson and Beroza (1973), 12 Uebel et al. (1976), 13 Acree
(1959).
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Results

Responses of antennal olfactory cells could be recorded from all sides of the funiculi.

From the palps olfactory responses could be obtained on the ventral and distal sides only.

Spikes from up to four cells could be recorded simultaneously at one and the same

site on the antennae and from up to three cells simultaneously at a site on the palps

(Fig. 1, Table 3). Spike size varied between 1 and 6 mV. Most cells responded with a

phasic-tonic increase of firing; only a few cells were inhibited by odours (Table 2).

Table 2. Numbers of cells tested (N), percentages of cells responding with excitation (exc.) or
inhibition (inh.), and average responses in spikes/s ± standard deviation (Resp ± SD) on
application of 100 µg (10 mg for muscalure) doses of the various stimuli. The applied stimuli are
indicated by the abbreviations given in Table 1.

Antennae Palp

stim. N  % exc. % inh. Resp ± SD N % exc. % inh. Resp ± SD

1o3 212 46.7 5.7 50 ± 86 128 26.6 0 14 ± 26

AA 214 57.0 1.9 39 ± 65 131 42.0 0 24 ± 29

3MP 223 33.2 5.8 24 ± 60 136 58.1 0 73 ± 85

Pent 222 37.8 4.5 25 ± 58 130 49.2 0 49 ± 69

Rlm 222 45.0 4.5 27 ± 49 128 23.4 0 14 ± 24

Az 137 33.6 6.6 16 ± 37 119 26.1 0.8 15 ± 24

Bz 91 36.3 7.7 15 ± 35 55 1.8 0 2 ± 7

Ind 118 36.4 3.4 15 ± 35 120 37.5 0 23 ± 38

Sk 137 31.4 7.3 15 ± 42 119 29.4 0 15 ± 24

DR 89 61.8 4.5 46 ± 58

Mus 92 41.3 5.4 21 ± 41 118 26.3 0 14 ± 24

M72 81 43.2 2.5 21 ± 42 72 73.6 0 41 ± 29

H2O 83 25.3 6.0 14 ± 46 119 24.4 0 13 ± 22

Solv 243 18.3 7.2 6 ± 19 138 28.3 0 15 ± 24

Note that the average response is the mean of all recordings: excitations, zero responses and
inhibitions and thus this mean value has limited biological meaning. The standard deviation,
however, shows the variability of the responses to the odour between all cells tested.
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Figure 1. Action potentials recorded simultaneously from two olfactory cells in the funiculus of
Musca domestica on application of the vapour of 0.1 mg of A) 1-octen-3-ol and B) amyl acetate.
Upper traces: spike waves; lower traces: spike amplitudes separated for the two cells. Horizontal
lines above the recordings indicate the duration of the stimulus (0.2 s). C) Distribution of
amplitudes of individual action potentials in a 7 s recording from cells I and II. The
discrimination level was set at 3.5 mV.
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Recordings were made from 255 antennal olfactory cells and 145 palpal cells of
70 female and 62 male flies. 89.4 % of the cells in the antennae and 86.9 % in the palps
responded to one or more of the odour stimuli.

No significant differences were found between the responses to paraffin oil and

silicon oil. Therefore, the responses to these solvents were pooled (Solv in Table 2).

Antennal cells of females showed significantly higher responses than male antennal cells

(p ≤ 0.05) to amyl acetate (71 ± 76 vs 56 ± 67 spikes/s), butyric acid (49 ± 51 vs 14 ± 23

spikes/s), water (73 ± 84 vs 5 ± 12 spikes/s) and M72 (58 ± 57 vs 32 ± 44 spikes/s).

Female palpal cells only showed significantly higher responses than male palpal cells to

acetic acid (p < 0.03, 23 ± 28 vs 19 ± 23 spikes/s). The responses to the other odours

tested did not differ significantly between the sexes.

Antennal responses of flies (females and males pooled) did not change

significantly from day 0 up to day 28. Linear regression of responses with age did not

show significant age-dependency (Fig. 2). However, in the palps some differences were

found on comparison of the mean responses of newly emerged flies with those of older

flies. The responses of newly emerged flies were significantly (p ≤ 0.05) lower than those

of older flies for amyl acetate (20 ± 24 vs 36 ± 29 spikes/s), and higher for acetic acid

(28 ± 29 vs 16 ± 22 spikes/s), 3-methylphenol (78 ± 78 vs 72 ± 86 spikes/s) and skatole

(26 ± 30 vs 16 ± 21 spikes/s).

Regression analysis of a scatterplot of all responses over the day showed no

significant change in responses during the day.
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Figure 2. Excitatory and inhibitory responses of antennal cells of flies of different age (n = 109)
to 1-octen-3-ol. No correlation with age was found.

Table 2 summarizes the average responses of all recordings (males and females
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pooled) to the various substances. The standard deviations of the averaged responses are

very large. To get insight into the variation of sensitivity of different cells we applied

hierarchical cluster analysis. This analysis identifies clusters of cells with similar

responses in the multidimensional odour space. For the hierarchical cluster analyses only

the chemicals applied to large numbers of cells and evoking mean responses with large

standard deviations (indicating large differences in responses between cells) were used:

1-octen-3-ol, amyl acetate, 3-methylphenol, 2-pentanone and R(+)limonene were chosen

for both the cluster analysis of antennal and of palpal cells. Figure 3 shows the relative

Euclidean distances of the last 25 agglomeration stages in the hierarchical cluster analyses

of the antennal and palpal olfactory cells. Each successive stage fuses two clusters that

are further apart, until the last two clusters, of which the dissimilarity is set at 100%,

combine to one cluster containing all cells.

For palpal cells, the rise in relative Euclidean distances during the agglomeration

process is rather steady, until it suddenly increases at the combination of the last four

clusters, suggesting 4 clearly separated homogenous clusters (Fig. 3). For antennal cells,

the agglomeration curve lies above the curve of the palps, indicating that the antennal

clusters are more dissimilar. Since no sudden increases occur, it is difficult to determine

the number of relatively homogenous clusters. When setting the division at half the

relative Euclidean scale, ten moderately separated antennal clusters remain. The clusters

indicate which combinations of odour sensitivities of olfactory neurones are most

commonly present.
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Figure 3. Relative Euclidean distances of the last 25 agglomeration stages in the hierarchical
cluster analyses on cells of the antenna and of the palp.
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Figure 4. Odour spectra of individual antennal cells (left) and the dendrogram (right) visualizing
the result of hierarchical cluster analysis based on the responses to 1-octen-3-ol, amyl acetate,
3-methylphenol, 2-pentanone and R-limonene. The horizontal line below the dendrogram
indicates increasing dissimilarity from left to right. Clusters having a dissimilarity larger than
50 on a scale of 100 % are indicated by the letters A - J. For clarity reasons the large cluster A
consisting of cells with relative low responses is omitted from the graph.
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Figure 5. Odour spectra of individual palpal cells (left) and the dendrogram (right) visualizing
the result of hierarchical cluster analysis based on the responses to 1-octen-3-ol, amyl acetate,
3-methylphenol, 2-pentanone and R-limonene. For details see Fig 4.

Figures 4 and 5 show the reactions of antennal and palpal olfactory cells,

respectively, sorted by the cluster analysis, yielding the dendrograms on the right. The

clusters with a dissimilarity higher than 50% are marked A-J and K-N. It is evident that

there is much more variation in responses between cells in the antennae than in the palps,

which is also shown by the longer Euclidean distances at the first agglomeration stages

in the hierarchical cluster analyses. The relative dissimilarity of antennal cells that first

agglomerate is on average 20%, whereas the mean dissimilarity of first agglomeration of

palpal cells is 14%.

The clusters are not sex-linked. Most clusters contain cells from both males and
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females. Only the antennal cluster I consists of two female cells; and although male cells

dominate palpal cluster L, this cluster also contains a female cell.

Cluster distribution also does not appear to be related to the age of the flies. Cells

from newly emerged flies are present in all clusters except for the smaller ones, C, E, H

and M, which contain only two or four cells. Because in the antennae less cells from

newly emerged flies than from older flies were tested (80 vs 175), young cells belonging

to those clusters could easily have been missed.

The cells did not show a fixed spatial distribution according to their responses in

both the funiculi and palps in different flies. The cells of the various clusters were

randomly distributed over the funiculi or palps. At 60 sites on the antennae and 37 sites

on the palps, spikes of two or more olfactory cells could be distinguished. Table 3 shows

the clusters these cells belong to. In the antennae, combinations of cells of cluster A were

abundant and in the palps most combinations comprised cells of cluster K. Two other

combinations occurred frequently: in the antennae 9 times a combination of cells of

clusters A and G was found, and in the palps 12 times cells of clusters K and N occurred

together.

Table 3. Combinations of olfactory cell types recorded at individual sites. Each letter represents
a cell belonging to the cluster the letter stands for. Two (three, four) letters indicate that action
potentials from two (three, four) cells were observed in one recording. The number of
occurrences of each combination of cells is indicated.

Antenna Palp

AA 32 BG 2 KK 4

AAA 3 BH 1 KKK 9

AAAA 1 BJ 1 KKL 1

AB 1 CD 1 KKM 1

AC 1 DG 1 KKN 1

AD 2 DH 1 KL 2

AE 1 KLL 1

AF 2 KLN 1

AG 9 KN 12

AJ 1 LN 3

MN 2

In Figure 6 the odour spectra of the various antennal clusters are presented. Cluster
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A consists of a large group of cells that are similar in that they show low responses to all

odours tested. Four odours induce significantly higher responses than the solvent:

1-octen-3-ol, amyl acetate, R-limonene and the M72 compound. Cells of cluster B only

respond significantly to 1-octen-3-ol. The responses of the cells of cluster C are relatively

high to most odours and significantly higher than those to the solvent for 1-octen-3-ol,

amyl acetate, 3-methylphenol, R-limonene, acetic acid, butyric acid, indole, skatole, the

Denka repellent and muscalure. Cluster D has significant responses to 1-octen-3-ol,

2-pentanone and R-limonene. Cluster E consists only of two cells, so statistical tests are

not allowed. Nevertheless, the very high response to 1-octen-3-ol is obvious. Significant

responses to 1-octen-3-ol, 3-methylphenol, Denka repellent, and muscalure characterize

cluster F. In cluster G, cells respond to amyl acetate, Denka repellent and M72.

Significantly higher responses than to the solvent are found for 1-octen-3-ol, amyl acetate

and R-limonene in cluster H. Cluster I has only two cells, so no statistics can be done. It

seems that this cluster is particularly sensitive to amyl acetate, 2-pentanone and the Denka

repellent. The last antennal cluster J responds significantly to the five odours used for

cluster analysis: 1-octen-3-ol, amyl acetate, 3-methylphenol, 2-pentanone and R-

limonene.
Figure 6. Response profiles of antennal clusters A - J. Significant differences of responses to

odours vs solvent are indicated by asterisks (* p < 0.05; ** p < 0.01; *** p < 0.001).
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Figure 6. Continued.

Figure 7 shows the odour spectra of the palpal clusters. The first palpal cluster, K,

consists of cells that are similar in showing rather low responses to all odours tested.

Amyl acetate, 3-methylphenol, 2-pentanone and M72 induce significantly higher

responses than the control. In cluster L the cells highly respond to 2-pentanone and at a

lower level to M72. Cells of cluster M are very sensitive to 3-methylphenol only. The

responses of the cells of cluster N are also significant for 3-methylphenol, but on a lower
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Figure 7. Response profiles of palpal clusters K - N. Significant differences of responses to
odours vs. solvent are indicated by asterisks (See Fig. 6).

level than those of cluster M. Because 3-methylphenol and 2-pentanone elicit the largest

responses, we plotted for each cell the responses to these odours against each other

(Fig. 8). In this 2-dimensional odour space, the 4 clusters are clearly recognizable,

showing that the cluster analysis in the palps is mainly based on the responses to these

two odours.

When cluster analysis is performed on the combined population of antennal and

palpal olfactory cells, the palpal cells of cluster K are scattered amongst the cells of

cluster A of the antenna, both clusters being characterized by relatively low responses.

The other palpal clusters L, M and N still come out as separate clusters, showing that

these clusters are not comparable to any antennal cluster.
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Figure 8. Plot of the palpal cell responses to 2-pentanone versus their responses to
3-methylphenol. The clusters of palpal cells found by cluster analysis are already evident in this
2-dimensional odour space.

Discussion

The present study shows that spikes from housefly olfactory cells could be recorded over

the whole surface of the funiculi, but only on the ventral and distal parts of the palps. This

agrees with the distribution of olfactory hairs on the antennae and palps as was found in

morphological studies on Hydrotaea irritans (Been et al., 1988) and Musca domestica

(Chapter 2). The number of compounds stimulating antennal cells was considerably higher

(12) than that activating palpal cells (4).

In flies, the palps are only fully exposed when the proboscis is extended. In rest,

except for their tip, they are concealed in the proboscal cavity. It is therefore conceivable

that their function in discovering food or oviposition sites from a distance is of minor

importance. Long-range orientation to chemical sources is probably mainly mediated by

olfactory receptors on the antennae. Most palpal olfactory cells may be stimulated when

the fly, after arrival on the source, extends its proboscis to make contact between the

medium and its taste hairs on the labellum. The relatively high sensitivity of palpal cells

to 3-methylphenol and 2-pentanone could indicate that these substances have a function

in close-range olfactory testing of the substrate by the flies.

We did not find specific male or female odour spectra in Musca domestica. Both

sexes were sensitive to the same odours, although female cells showed higher responses

than male cells in antennal tests of amyl acetate, butyric acid, water and M72 and in

palpal tests of acetic acid. Differences in antennal olfactory sensitivity between sexes have
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also been demonstrated in tsetse flies. In some tsetse species, the responses of females

were higher than those of males, whereas in other species the reverse was found (Den

Otter et al., 1991).

The responses of antennal olfactory cells did not differ between newly emerged

and mature flies. Antennal sensitivity did not decline with age, contrary to what is

commonly found in insects (Blaney et al., 1986; Den Otter et al., 1991; Ayer and Carlson,

1992). Although in the palps, the responses to amyl acetate were lower in newly emerged

flies than in older flies, those to 3-methylphenol and some other odours were higher in the

former than in the latter. Hence, it seems that in newly emerged flies the olfactory system

is already functional and tuned to the specific odour spectra of M. domestica, as cells of

newly emerged flies are present in most clusters.

Measurements were performed from 10 a.m. to 18 p.m. The responsiveness of

antennal cells to odours did not vary noticeably during this period. The same holds true

for the flies’ locomotor activity in this period of time (Smallegange, pers.comm.). Thus,

a daily modulation in locomotor activity and olfactory response level is absent, contrary

to what is found in some species of tsetse flies (Van der Goes van Naters et al., 1998). In

Drosophila melanogaster, EAG responses to ethyl acetate and benzaldehyde were

elevated during the middle of the night during 12:12 LD cycles (Krishnan et al., 1999).

As we did not perform electrophysiological studies in houseflies during the dark period,

we do not know if antennal sensitivity changes during the resting phase of houseflies.

The olfactory receptor cells in the antennae of the housefly show a large variation

of odour response profiles but multidimensional cluster analysis shows a moderate

clustering in olfactory response types. Such moderate clustering is also found in honeybee

workers, which also are capable of perceiving and discriminating many odours (Akers and

Getz, 1992). In the palps the clusters are clearly separated; still, some variation in

responses of cells within each cluster is present.

The cluster analyses were based upon reactions to five chemicals that elicited the

most variable responses (1-octen-3-ol, amyl acetate, 3-methylphenol, 2-pentanone and

R-limonene). Hence, including some of the other chemicals tested would not much change

the results of the cluster analysis. However, it cannot be excluded that different results

might have been obtained if more chemicals had been included in the experiments.

Each olfactory cell may express only one olfactory receptor that may respond to

several odours (Vosshall et al., 2000). The axons of all cells expressing the same olfactory

receptor gene are thought to converge on one specialized glomerulus in the antennal lobe

(Hildebrand, 1996; Gao et al, 2000; Vosshall et al, 2000). Because in the antennal lobes

of the housefly there are more than thirty glomeruli (Strausfeld, 1976), we may expect

more than thirty clusters in the housefly. Our cluster analysis suggested ten antennal and
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four palpal clusters of cells with similar response profiles. But the largest clusters (clusters

A and K) consisted of cells that did not show large responses to the chemicals we tested,

and therefore may be tuned to other odours. These clusters may be divided into other

clusters that may be distinguished when testing appropriate stimuli.

So far, the cluster analyses suggest that only very few specialist cells, tuned to one

specific odour, are present. Most cells will contribute to discrimination of odour stimuli

by participating in an across-fibre patterning for odorant coding in the brain, as described

for other species (Hildebrand, 1996).

On the palps of houseflies 75 - 90 sensilla basiconica are present and these are

rather widely separated from each other (8 µm at the tip to 50 µm halfway the palp:

Chapter 2). Action potentials from a maximum of three cells could be recorded

simultaneously at one site on the palp. It is likely that these cells are located in the same

sensillum, as the electrode tip (<5 µm) is much smaller than the distance between sensilla.

The cells within one sensillum can belong to different clusters (Table 3). Hence, cells

associated with one and the same sensillum may possess different molecular receptor

sites. In Drosophila palps, the olfactory neurons separate in 6 clusters and are housed in

stereotyped pairs within three sensillum types (De Bruyne et al., 1999). In contrast to this,

in housefly palpal sensilla a cell of a certain cluster is not restricted to be stereotypically

paired with another cell of a determined cluster. Cells of cluster K and N can be paired

with cells of all other palpal clusters (Table 3). On the antennal surface, sensilla of

different types (sensilla trichodea, sensilla basiconica, grooved pegs) are very densely

packed. Therefore, using the surface-contact technique, it is not possible to decide if cells,

simultaneously recorded from, are located in one sensillum or in different sensilla.

Acetic acid, butyric acid, indole and skatole are described as attractive substances

for houseflies (Frishman and Matthysse, 1966; Mulla et al., 1977). However, we found

rather low reactions to these chemicals in the concentration tested. In addition, the sex

pheromone muscalure, a component of the cuticular wax of female flies, is said to attract

male houseflies (Carlson et al., 1971; Carlson and Beroza, 1973; Uebel et al., 1976). Male

flies only respond when they are in close vicinity of a female. This may be due to the low

volatility of muscalure. We used a muscalure dose which was a hundred times higher than

the dose of the other substances, and still found significant responses in two clusters only.

This suggests that responses of only a few cells are needed to trigger a behavioural

response. On the other hand it is generally believed that a high number of cells responding

to a compound indicates biological importance for the animal. R-limonene and amyl

acetate are described to be behaviourally active (Brown et al., 1961; Frishman and

Matthysse, 1966). We found that these compounds evoke responses in 5 and 6 clusters

respectively. 1-octen-3-ol also seems an important odour, as it induces high reactions in
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most (8 out of 10) of the antennal clusters. An attractive function of 1-octen-3-ol in

houseflies can be expected, since 1-octen-3-ol is a very important attractant in several

Diptera (Hall et al., 1984; Van der Goes van Naters et al., 1996; French and Kline, 1989;

Mihok et al., 1995). Behavioural studies have to be done to prove whether this substance

is indeed attractive to houseflies.

We conclude that the majority of olfactory cells are generalists, belonging to

several clusters. Few specialist cells are present and these do not specifically respond to

the housefly sex pheromone muscalure in both males and females. Therefore, in searching

for attractants, one does not have to record from specialized pheromone sensilla at a

specific position on the antenna. Presumably, an attactive odour for houseflies may consist

of several, general food odours, detected by generalist cells all over the antennal and

palpal surface.
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