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2. DESCRIPTION OF THE COLLABORATIVE PROJECT 
 
The cerebellum is essential for the temporal coordination of movements. The inferior olive (IO) shapes 
activity in the cerebellum by influencing the activity in the cerebellar cortex and cerebellar nuclei (CN), via 
which it can control motor behavior. The IO receives information regarding the behavioral state of the 
organism and ongoing motor commands via excitatory glutamatergic input from extracerebellar 
sensorimotor structures and inhibitory GABAergic input from the CN. Together these afferents can sculpt 
both the short-term responses of the IO during unexpected sensorimotor events and its long-term 
responses during learning-dependent timing. Olivary neurons are electrotonically coupled via dendro-
dendritic gap-junctions, which enable synchronization of subthreshold oscillating activity as well as spiking 
output. This synchrony has been shown to contribute to cerebellar learning-dependent timing. Projections 
of the CN and extra-cerebellar structures converge in the olivary glomeruli that encapsulate the electrical 
synapses of olivary dendritic spines. These inputs are thus well-placed to regulate coupling between olivary 
neurons and thereby control coherence among olivary neurons. Indeed, a few studies have shown that 
olivary coherence can be altered by GABAergic and glutamatergic pharmacological manipulations. Despite 
these initial attempts, the precise role of cerebellar and extracerebellar afferents on olivary coupling and 
plasticity has not yet been directly demonstrated. It is unknown how and to what extent coupled 
ensembles of olivary cells can be reconfigured in the short-term, and whether this control depends on the 
phase of the olivary oscillations. In addition, it remains to be elucidated whether long-term reconfiguration 
of coupling exists. The latter could depend on local molecular phenomena within the spines (such as the 
insertion or deletion of gap-junction channels) and/or the structural plasticity of olivary spines. To address 
these questions, we propose to combine several innovative techniques. Optogenetics will be used to 
selectively stimulate both types of olivary afferents in a cell-specific manner, both directly and indirectly via 
the cerebellar nuclei and cortex. This approach will permit precisely-timed light-driven activation of 
inhibitory and excitatory feedback to the IO. Dual whole-cell patch-clamp recordings of couples of olivary 
neurons will be used to directly probe the role of afferent input on coupling. In addition, multi-photon 
imaging of ensembles of olivary neurons will be combined with optogenetic stimulation to assess how 
afferent input can influence the size of olivary clusters and identify shifts in cluster assignment. Finally, the 
effects of these stimulations on structural plasticity of olivary spines will be studied using STED and electron 
microscopy. In conclusion, following the letter and the spirit of the NeuroTime program, this project aims 
to elucidate how the temporal relations in the inferior olive are controlled and how it controls learning-
dependent timing of motor behavior. 
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3. REQUIREMENTS FOR THE CANDIDATE 

The student should have a solid background in neuroscience. It is also of great importance that the student 
is familiar with the electrophysiological and anatomical techniques.  

 


