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1. Introduction
3rd Antennal segment

3. Measuring dynamic response to CO2

Basiconic sensilla
0.02%
CO2/air CO2 was released into a laminar air flow tube
from a plastic pipet tip. A random binary
sequence drove a servo-controlled loudspeaker
to move a silicone bead against the tip end,
200 mV alternately starting and stopping the flow of
CO2 into the stream. This resulted in a randomly
varying, wide bandwidth concentration of CO2
at the mouth of the flow tube. The fly was held in
0.1%
the center of the flow tube, within 5 mm of the
propylene/air
mouth.
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Three types of olfactory sensilla are located on the third antennal segment of Drosophila: basiconic,
trichoid and coeloconic. Each sensillum contains 1-4 bipolar sensory neurons, with up to 3 different types
of odorant receptor molecules (ORs) in the distal sensory dendrite, plus one type, OR83b, found in most
neurons. OR83b combines with other OR molecules, possibly producing odorant-activated cation
channels, but the mechanisms and possible involvement of second messengers are unclear.
One of the four neurons in the largest basiconic sensilla (ab1C) responds to CO2, whereas all other
neurons in basiconic sensilla seem to respond to fruit odors. This neuron also has gustatory family
receptor molecules (GR), rather than the ORs in most other neurons, and probably lacks OR83b.
In previous work we showed that fruit odors can excite or inhibit basiconic sensilla neurons, depending
on the odor-neuron combination. Frequency responses to odors could be fitted by simple band-pass
functions, with responses declining at extreme low and high frequencies.
Here, we asked two questions: (1) Are the dynamic properties of CO2 transduction similar to the other
basiconic neurons? (2) Can a comparison between CO2 and fruit odor transduction dynamics suggest
which stages of transduction are responsible for the form of the dynamics - i.e. what kinds of processes
limit the low- and high-frequency responses to odors?
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Large basiconic, ab1, sensilla contain four chemosensory
neurons. One of these, ab1C, is sensitive to CO2, but not to
fruit odors. ab1C is also unusual in containing two taste
receptor molecules, Gr21a and Gr63a, while the other three
neurons contain odor receptor molecules. We designed
experiments to measure the dynamic responses of ab1C to
varying CO2 concentrations.
Drosophila melanogaster, Oregon R #2376 were held in the
cut end of a 100 :l pipet tip. Tungsten electrodes were
sharpened electrolytically in KOH, and pushed into the
sockets of basiconic sensilla located near the proximal medial
border of the posterior surface of the third antennal segment.
A reference tungsten electrode was in the contralateral eye.
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[CO2] at the fly antenna was estimated by
measuring the concentration of a surrogate
tracer gas, propylene, released from an identical
pipet tip and occluded by the same silicone bead.
[propylene] was measured by a miniature
photoionization detector located within 1 mm of
the antenna (sensitivity: 50-500,000 ppb
propylene, frequency response: 0-330 Hz). The
reliability of this method was verified by
measuring responses while switching the gas
supplies between the two pipets.
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7. CO2 versus fruit odors
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Action potentials (AP) were first
ordered into increasing variance.
The median variance AP (below)
was selected as a template for
cross-correlation.
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The four APs from each
sensillum were then separated
using two-dimensional cluster
analysis based on AP amplitude
and cross-correlation with the
medianAP.
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8. Conclusions and discussion
1. Carbon dioxide excites neuron ab1C but has no effects on the other three neurons in ab1 sensilla.
2. The dynamic response to CO2 can be modeled as a band-pass frequency response - the same form that
fits responses of basiconic neurons to fruit odors.
3. Dynamic response is compatible with a similar mechanism for transduction of CO2 and fruit odors.
4. CO2 is smaller (Mr=44) than Ethyl acetate (Mr=88) but CO2 is non-polar while Ethyl acetate is polar.
5. What limits the high frequency response (<)? Possibilities include: passage through sensillum pores,
dissolution in saline, diffusion to neuron, binding to receptor/OBP, second messenger cascade. The
first three physical processes seem unlikely because < is similar for both compounds.
6. What limits the low frequency response (J)? Possibilities include: removal of the odor (CO2 or Ethyl
acetate), removal of second messenger, adaptation of ion channels, electrochemical changes in the
membrane. The lower range of frequency response for CO2 could indicate difficulty of removal.
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All ab1C frequency response
functions were well-fitted by the
band-pass function. Parameters
shown are peak response and the
two time constants, J and L, as in
panel 5.
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The slower time constant, J was much
smaller for Ethyl acetate than CO2. We do
not have enough data yet to decide if there
is any difference in the faster time
constant, <.
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Conversion of CO2 to HCO3is rapid if carbonic
anhydrase (CA) is present but very slow otherwise. It is
not yet clear if CA is present,
or if CO2 is detected directly
or as bicarbonate.
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Comparison of CO 2 transduction
dynamics (n=21) with preliminary data for
Ethyl acetate transduction dynamics in
neuron ab1A using the same stimulation
system (n=4).
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For this example:
J = 263 ms
L = 7.79 ms
$ = 3266 AP/s/%CO2
R = 15.6 Bits/s
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Only ab1C neurons had strong
frequency responses to CO2 that
could be fitted by parametric
functions. Coherence functions and
information capacities for ab1C
neurons were also much higher than
the others (A, B, D).
Any apparent responses from A, B
or D were negative, indicating that
ab1C APs sometimes occluded
others, preventing their detection.
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Frequency responses between [CO2] and action potentials were well-fitted
by a band-pass function of frequency, T, with time constants J and L
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Four action potential heights were present in the
recordings. One of the smaller action potentials
was strongly correlated with increases in [CO2]
(arrow).

6. Fitted parameters - CO2 responses
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5. Frequency response measurements
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2. Recording from ab1C
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