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A novel thermosensitive escape behavior
in Drosophila larvae
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We describe a novel thermosensitive escape behavior in Drosophila larvae and a simple assay to accurately define the
response temperature. When a larva is placed in a droplet of water that is subsequently heated, a stereotypical escape
response is robustly elicited at 29°C. Larvae defective for the painless TRP receptor, or blocked in the function of class
IV multi-dendritic sensory dendrites respond to this stimulus at reproducibly higher temperature (34°C). The escape
response has novel behavioral components and a lower temperature threshold in comparison with the responses to
touch with a hot needle. Furthermore the assay minimizes operator bias that is present in current tests of thermosensitive
nociception and generates a precise determination of temperature at the point of response. This response is highly
reproducible and directly applicable to genetic and neural circuit analysis of a simple escape behavior.

Animals detect and respond to temperature changes in their
environment. Responses can be choice based to achieve an opti-
mum environment for physiological function, or escape reflexes
as temperature reaches noxious levels. Both types of response can
be observed in Drosophila."* Recent descriptions of temperature
responses in Drosophila have uncovered mechanisms and pathways
involved in optimal temperature detection in flies® that appear to
be shared in nociceptive perception in mammals.* Mutations in
a number of Transient Receptor Potential (TRP) receptors have
been identified. Behavioral analysis of TRP receptor mutants and
the expression patterns of the TRP proteins have helped to iden-
tify components of the underlying neurocircuitry."*>”

We describe here a robust behavioral escape response from
larvae to rising temperature. The behavior closely resembles pre-
viously described nocifensive responses elicited by touch with a
heated probe set at 39—-41°C producing a corkscrewing avoidance
of the stimulus.! A later modification of this stimulus applica-
tion employed a temperature regulated thermal probe.® For both
studies, duration and force of contact between probe and lar-
vae is a function of the testers’ judgement and dexterity. In an
attempt to remove this potential operator variability, we applied
a thermal stimulus to larvae by immersion in a water droplet and
subsequent heating of the water to noxious levels. In practical
terms, we placed a larva in 30 pl of water at room temperature
on a petri dish lid. The lid was then transferred to a hotplate
surface set to 70°C. Care was taken to ensure that the petri dish
lid consistently came into close contact with the hotplate. As our
baseline, we used a fine temperature probe (a thermocouple) to
determine the rate of temperature increase in the water droplet
so that we have an exact determination of the temperature of the
droplet at any time-point (Fig. 1B). Upon transferral of the petri
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dish holding the droplet and larva to the hot plate, we recorded
the time at which the larva initiated the characteristic nocifensive
corkscrew roll. We use our time/temperature relationship curve
to infer the temperature in the droplet of water when the escape
response is activated. In our assay, the escape response in wild-
type larvae was evoked at 28-29°C (Fig. 1C). We determined
the escape response temperature for larvae of our lab stock of
w8, and two wild-type stocks, Canton-S and Oregon-R. The
three wild-type stocks all responded at a temperature just above
29°C (29.3°C, 29.8°C and 29.4°C respectively). In larvae mutant
for the TRP receptor painless (pain'), or functionally blocked by
the expression of tetanus toxin light chain' in the class IV da
sensory neurons, the response occurred at 33-34°C (Fig. 1C).
Control animals expressing inactive tetanus toxin light chain
respond at 28.1°C. This suggests that the painless TRP receptor
may be involved in responses to temperature around 29°C in this
behavioral test.

In addition to the corkscrew roll escape response, we observed
another aspect to the behavior preceding the roll where the larva
thrashes the mouthparts laterally once to each side (Fig. 1A and
Sup. Movie S1). This response invariably precedes the cork-
screw roll. We suggest that this aspect of the behavior might be
a rapid test of the surrounding medium for lower temperatures
for a potential route of escape. To further differentiate between
a response to absolute temperature, and an anticipatory response
to further increasing heat, we devised a ‘dipping’ assay where we
rapidly immersed larvae in water baths with set temperatures
using a cell strainer for tissue culture (Fig. 1D). Sudden exposure
of larvae to heat in this manner elicited a response in the major-
ity of larvae at temperatures at 29°C and above, identical to the
response in a heated water droplet, suggesting the response we see
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Figure 1. Drosophila larvae immersed in water initiate an escape response when a temperature of 29°C is reached. (A) Third instar larvae respond with
a characteristic lateral head thrash followed by a whole body corkscrewing motion when the surrounding water temperature rises to 29°C (see also
Movie S1). (B) A determination of the relationship between time and temperature in a 30 pl drop of water on a petri dish placed on a 70°C hotplate
determined with a thermocouple. (C) Wild-type and control (ppkGAL4-UAS-inactive TeTxLC) larvae respond with an escape behaviour at 29°C, larvae
mutant for the TRP receptor painless (pain’) or defective for function of the Class IV multi-dendritic neurons (ppkGAL-UAS-TeTxLC) have a delayed
response at 33°C (***p < 0.001 significantly different from wild-types, Student'’s t-test). Numbers within bars = n, error bars are SEM. (D) Wild-type and
control larvae directly immersed in water of increasing temperatures respond at temperatures of 29°C and above. Fresh larvae were used for each

in the heated droplet is not anticipatory to increasing heat. Our
results together describe a robust behavioral response to tempera-
ture that allows a precise determination of thermal sensory acuity
for an invertebrate.

Comparing the response we describe with the ‘hot needle’
escape behavior,"® there is a striking difference in the activation
temperature. We observe an elicitation of the escape response at
29°C while the response to a ‘hot needle’ stimulus is activated at
42°C. We suggest that the response may be a function of consoli-
dation where the majority of body wall thermosensitive neurons
are activated simultaneously in the immersion test. In contrast,
the focal application of heat used in the “hot needle” response
would potentially activate only a few local sensory neurons. The
parallels between the two behaviors suggest that the response
is nociceptive and interestingly resembles the behavior elicited
when we stab larvae with tungsten needles near the mouth-hooks
during standard larval dissection.

The optimal temperature preference for Drosophila melanogas-
ter is 24°C.? When flies are raised at temperatures above 28.5°C,
male sterility is observed suggesting that this temperature is delete-
rious to optimal reproductive fitness and may cause developmental
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damage.” Temperatures approaching and above this point would
therefore require detection and avoidance in the long-term.

The behavior we describe is robust and the assay we employ
simple, scalable and amenable to genetic and neural circuitry
analysis. In addition to lending itself to the analysis of thermo-
ception and escape responses, these characteristics also make the
assay ideal for undergraduate teaching practicals and projects.
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Note

Supplemental movie can be found at:
www.landesbioscience.com/journals/fly/article/17810
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