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Head direction neurons function as the brain’s compass

Head-direction cells
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We will study this mechanism 
in the parahippocampal
cortex, where vestibular based 
HD information and visual 
information converge.

maintenance &  flexibility upon reorientation

3



22/03/22 FLAG-ERA HBP VIPattract Kickoff 4

Paired recordings + probing synaptic response dynamics with HD spike trains

• Facilitating Martinotti cells provide activity dependent feedback inhibition
• Attractor dynamics emerge from timing sensitive excitatory-inhibitory

interactions

Excitatory-inhibitory interactions support HD firing in Presubiculum

Simonnet et al., Nat Comms 2017
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Paired recordings

• Facilitating Martinotti cells provide efficient activity dependent feedback 
inhibition while PV neurons respond at the onset of a spike train

Simonnet and Fricker, CTR 2018

Probing synaptic dynamics with HD spike trains

Simonnet et al., Nat Comms 2017
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Attractor network model 
based on facilitating activity dependent feedback inhibition

Model: 
Federico Stella

Simonnet et al., Nat Comms 2017

Spontaneous and externally-
driven formation of an 
activation bump
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Neuronal basis of the HD signal in the Presubiculum

Presubicular circuits switch between two regimes:
• During immobility, SST–pyramidal cell interactions support maintained HD 

firing: Attractor dynamics emerge from timing sensitive excitatory-inhibitory
interactions   

• PV interneurons may sharpen the HD signal during fast head turns.
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