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2. DESCRIPTION OF THE PROJECT 

To be successful in our environment we must adjust our behavior to the constantly changing 
reality at a millisecond-timescale. Without correct timing of executive brain functions, as happens 
in many disorders, we are unable to produce accurate movements and perform complex mental 
operations1. The cerebellum is considered critical for this timing2, however it is not precisely 
known how it encodes incoming information nor how this information is transformed to outputs 
that guide action. Moreover, even though the cerebellar cyto-architecture is understood in detail, 
little is known about their neuromodulatory inputs and the impact of these inputs on 
sensorimotor integration.   

In the cerebellar cortex (CCTX) essential timing signals are generated through integration of 
its two main inputs, the mossy fiber (MF) and climbing fiber (CF) pathways. Both pathways convey 
information originating in many different regions of the brain, including sensory, motor and frontal 
cortex as well as lower brainstem or spinal cord inputs mediating more direct sensory signals. 
However, whereas the CF signals are ultimately all filtered and generated in one central hub, i.e. 
the inferior olive, the MF signals originate from sources spread over the entire brainstem. This 
temporally rich information from the MFs and CFs ultimately converges upon the Purkinje cells 
(PCs), which form the sole output of the CCTX and are thus critical for controlling well-timed 
processes in the rest of the brain.  

In addition to these two main inputs, there is a third category of fibers that innervates the 
entire CCTX, yet is largely neglected when it comes to controlling temporal information. This 
concerns the mono-aminergic inputs, which include dopaminergic fibers from ventral tegmental 
area (VTA), serotonergic fibers from raphe nuclei (RN), and noradrenergic fibers from locus 
coeruleus (LC)3,4. Interestingly, even though these fibers largely terminate in the granular layer, 
they often do not form mossy fiber - like terminals, but instead show many smaller boutons de 
passage that appear ideal to set and neuromodulate the level of activation of an entire network of 
granule cells (GCs)3,4. To come to grips with the mechanisms controlling this system, we want to 
manipulate them in a robust manner using stimulation of a common input. To date, all sources of 
mono-aminergic inputs mentioned above, i.e. the VTA, RN and LC, receive a prominent cholinergic 
input that can exert a powerful control5,6. It is therefore our tenet that these cholinergic inputs are 
in a strategic position to control the temporal configuration of the cerebellar granular network, 
dependent on the emotional status and/or attention. 

For the current Neurotime project we propose to study cholinergic control of mono-
aminergic inputs to the granular layer during sensorimotor integration tasks requiring fine 
temporal control. To this end we will utilize several innovative techniques, namely in vivo calcium 
imaging of GSs, whole cell recordings, and optogenetics in awake mice. The student will spend the 
first year at the partner institution (Strasbourg), where he/she will generate and use AAVs and 
transgenic mice to express channel-rhodopsin in the cholinergic neurons in the laterodorsal 
tegmentum nucleus that drive the VTA, RN and LC and will characterize GCs and related PCs 
responses to cholinergic and dopaminergic input in vitro, using slice electrophysiology. Next, the 
PhD student will spend two years in the lead institution (Amsterdam) where he/she will perform 
two-photon Calcium imaging of cerebellar GCs7 and whole cell recordings in vivo in head-fixed, 
awake mice moving on a disk-treadmill, equipped with a system for delivering sensory and 
optogenetic stimuli while monitoring limb movements8. This system allows direct investigation of a 
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causal relationship between GC layer activity and timed behavior as it involves learning-dependent 
timing during classical conditioning of locomotion behavior during which a conditioned stimulus 
(i.e. a tone) is paired with an unconditioned stimulus (applied via a clutch in the treadmill system) 
at a standard fixed interval. To monitor neuronal activity the student will use the new generation 
of genetically encoded Calcium indicator proteins. With this setup we will monitor the 
spatiotemporal features of both spontaneous and stimulus-evoked activity in ensembles of GCs 
and PCs in the locomotion-related regions (lobule V) at a high temporal resolution and relate them 
to the animal’s movements and quiescent periods on the treadmill. Combined with the responses 
of individual cells that will be obtained with whole cell recordings in vivo, the PhD student should 
obtain insight in the temporal GC responses to cholinergic manipulation of the monoaminergic 
inputs, both at the macro and micro level. Finally, to distinguish the impact of the different 
monoaminergic inputs from VTA, RN and LC, the optogenetic stimulation will be provided in a 
specific localized fashion and combined with specific pharmaceutical blockers for dopamine, 
serotonine or noradrenaline, respectively.  

In conclusion, following the goals of the NeuroTime program, this project aims to train a 
PhD-student in various state-of-the-art techniques and elucidate how the cholinergic input to 
mono-aminergic systems controls temporal patterns of GC and PC activity during learning-
dependent timing of motor behavior, mimicking different conditions of stress and attention.  
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3. DESCRIPTION OF THE EXPECTED MOBILITY TRACK  

- Oct. 1st 2016 to Sept. 30th 2017: 18 mo: UvA/NIN: In vivo characterization of granule cell activity 
during conditioning on locomotion in awake mice in cerebellar anterior lobule V with intact and 
disrupted LDTg cholinergic pathway. 

- Oct. 1st 2017 to Sep. 30th 2018: 12 mo: Unistra: In vitro characterization of cholinergic-driven 
monoaminergic modulation of granule cells in anterior lobules of cerebellar vermis. 

- Apr. 1st to Sep. 30th2019: 6 mo: UvA/NIN: Data analysis and redaction of the thesis manuscript. 
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4. SPECIFIC REQUIREMENTS FOR THE CANDIDATE 
 
Master degree in Science (M.S.) mandatory (relevant fields such as: Neuroscience, Biology, 
Biophysics etc.) 
The student should have a strong background in neuroscience, specifically involving imaging and 
electrophysiological techniques. Background in biophysics and experience with coding languages 
(Matlab is required, Python and C++ is a plus) is a big advantage. 
 
A high degree of motivation, interest for multidisciplinary experimental approaches and 
interpersonal skills are required for scientific excellence and teamwork. 
 


