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BACKGROUND

	 Here, we describe the novel use of Manduca sexta as a platform to 
investigate the process of thermosensation at a neural circuit level. We 
developed a method of delivering quantifiable and localized stimuli to the 
cuticle of the animal that are solely thermal in modality. The method allows 
us to simultaneously record the electrical activity evoked in the nervous 
system. The main goals of our research are to:
•	Describe the neural encoding of such stimuli in Manduca sexta
•	Isolate individual sensory firing units that respond to heat
•	Characterize the response properties of such units that are involved in 

heat transduction pathways.

Behavioral Assay
	 We used a low-power infrared laser 
to deliver a remote heat stimulus that 
increases the temperature at the surface 
of the cuticle. A target body segment 
was chosen and the laser beam was 
localized, covering an area of approx. 
0.6mm diameter. 
Stimuli were graded by varying 
the duration of the laser pulse. We 
categorized two response types: a 
localized muscular “twitch” and 
Manduca’s stereotyped strike behavior 
that is elicited in response to a nociceptive stimulus. 

	 Mechanisms for accurate perception and responses to temperature 
changes hold crucial survival value to most organisms. The process of 
thermosensation, the detection of thermal sensory information, has been 
previously explored in higher vertebrates
•	Macro level of reflex arcs 
•	Molecular  level of ion channels
•	High neural complexity and intractability of vertebrates to  

Nociceptive heat and soft invertebrate, Manduca sexta
•	Thermosensation implicated in sensory pathways that cause tissue 

damage (nociceptive)
•	Previous work in Trimmer lab suggests 

different sensory pathways for nociceptive 
heat and mechanical stimuli (Banks 2012).

•	Tiling of Manduca’s outer body wall by 
plexus of sensory neurons (Gruber et. Al, 
2001).

•	Implications in thermosensation remain 
unknown

The ability to detect changes in temperature at 
the cuticle level before they induce tissue damage is a critical adaptation 
that we have not been able to rigorously study at the level of neural 
pathways in invertebrates. Due to its size and distinct, stereotyped 
response to damaging stimuli, Manduca sexta can provide a tractable 
model to study thermosensation in a non-nociceptive context.

Electrophysiology
	 We performed a reduced 
“flatterpillar” preparation dissection 
and used extracellular suction 
electrodes to record electrical activity 
in the dorsal neuron (DN). We 
collected recordings concurrently with 
thermal stimulus delivery. We detached 
the nerve from the segmental ganglion 
in order to eliminate motor efferent 
signals and only collect afferent 
sensory information. We then filtered 
and processed neural activity using 
data analysis software
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Neural Responses to Thermal Stimuli
	 We found neural activity in the dorsal nerve to increase in response to 
thermal stimluli. Applying a voltage threshold allows us to detect events, or 
spikes, and investigate their properties, such as waveform and firing frequency. 
Though there is a great deal of variety in activity patterns, generally, overall 
firing frequencies peaked during a stimulus, and firing was seen to continue 
after the end of the laser pulse. Note the several different spike waveforms, 
indicative of different firing units that respond to the thermal stimulus.
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Template Matching 
	 Individual firing units can be characterized by their waveshape. Some 
units, termed complex units, may have more than one negative peak and 
can be teased out by setting a template. Once isolated as individual events, 
frequency plots can be used to describe their activity. 

Spike Clustering
	 Further refinement and 
characterization of individual 
firing units can be achieved 
by analyzing principal 
components of waveforms. 
Distinct clusters of spikes 
are sorted out and their firing 
frequency are plotted. The 
response properties, their 
activations and their timing 
can provide insights into 
location and interactions with 
other firing units.
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	 We have shown that specific sensory 
neurons in the body wall of Manduca 
sexta are thermally sensitive. To contin-
ue analysis of these neurons, we will:
•	Investigate overall spatial resolution 
of neural response

•	Explore response properties of indi-
vidual firing units

•	Establish relationship to MD neurons
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