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1. PARTNERS INVOLVED IN THE COLLABORATION 
 
 

Lead Higher Education Institute (HEI 1) 
Bernstein Center Freiburg at the University of Freiburg, Germany 
Name and laboratory address of the thesis advisor at HEI 1 
Prof. Dr. Ad Aertsen- Bernstein Center Freiburg- Institut für Biologie III, Albert‐Ludwigs‐Universität, 
Schänzlestrasse 1, 79104 Freiburg, Germany - E-Mail: ad.aertsen@biologie.uni‐freiburg.de 
 
Partner Higher Education Institute (HEI 2) 
Friedrich Miescher Institute, Basel, Switzerland 
Name and laboratory address of the thesis advisor at HEI 2 
Prof. Dr. Andreas Lüthi - Friedrich Miescher Institute for Biomedical Research, Maulbeerstrasse 66, 4058 
Basel, Switzerland - E-Mail: andreas.luthi@fmi.ch 
 
Partner Higher Education Institute (HEI 3) 
University of Strasbourg, France 
Name and laboratory address of the thesis advisor at HEI 3 
Prof. Dr. Pierre Veinante - Université de Strasbourg, Institut des Neurosciences Cellulaires et Intégratives 
(INCI), CNRS UPR 3212, Dept. Nociception et Douleur, 21 rue René Descartes, F‐67084 Strasbourg, France 
E-Mail: veinantep@inci‐cnrs.unistra.fr 
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2. DESCRIPTION OF THE COLLABORATIVE PROJECT 
 

Rational of the joint project: 
 
Classical fear conditioning is one of the most powerful models to study the neuronal substrates of 
associative learning in the mammalian brain. In classical fear conditioning, the subject is exposed to the 
unconditioned stimulus (US), a noxious stimulus, such as a foot‐shock, in conjunction with the conditioned 
stimulus (CS), a neutral stimulus, such as a tone or a light. For the formation of CS‐US association the timing 
of sensory inputs is absolutely crucial. As a result of the training, the CS acquires aversive properties and 
will, on next occurrence, trigger fear responses. A large number of studies, using different experimental 
paradigms and measures of conditioned fear responses, have consistently supported the notion that the 
amygdala is the key structure in the neural system involved in learning about stimuli that signal threat in 
animals. 
The amygdaloid complex consists of several anatomically and functionally distinct nuclei, located in the 
medial temporal lobe at the interface between cortex and striatum. The basolateral complex (BLA), 
containing the lateral (LA), and basal (BA) nuclei is a cortical‐like structure comprised of glutamatergic 
projection neurons (pyramidal cells) and distinct types of GABAergic interneurons organized in a feedfor-
ward and recurrent excitatory and inhibitory network. In contrast, the central amygdaloid complex (CEA), 
containing the lateral (CEl), and medial (CEm) subdivisions, is a striatopallidal‐like structure containing 
almost exclusively GABAergic neurons giving rise to a dis‐inhibitory circuit organization. 
According to the current model of fear conditioning, it is believed that the LA is the site where CS‐US 
associations occur through activity‐dependent synaptic plasticity at sensory afferents to the LA. The LA, in 
turn, evokes conditioned fear responses via its projections to the CEA, which is the main source of 
amygdala outputs to the brainstem and to the hypothalamus. Until recently, the CEA has been merely 
thought of as a passive relay station. However, there is increasing evidence indicating that the CEA might 
itself be a critical site of plasticity independent of the LA. Thus, fear conditioning appears to be mediated by 
plasticity at multiple levels within the amygdala circuitry. 
Given the fundamentally distinct organization of the neuronal circuitry of the BLA and the CEA, this raises a 
number of intriguing questions: Which aspects of fear conditioning are processed in these two serially 
linked circuits? Does the serial combination of a cortical‐like and a striatal‐like circuit confer specific 
computational properties that are advantageous to the acquisition or expression of conditioned fear 
responses? We plan to address these questions using a combination of physiological, behavioral and 
modeling approaches. 
 
Research Project 
 
Two of the involved labs (Aertsen, Lüthi) have previously collaborated in the context of a joint PhD project. 
This collaboration resulted in a network model of the BLA taking into account its role in context-dependent 
changes in fear behavior after extinction (Vlachos et al., PLoS Comp Biol, 2011). The current proposal will 
focus on CEA and address the question how CEA temporally integrates input from BLA and cortex, how it 
processes such input internally within local circuitry, and how it generates output to downstream 
structures, such as PAG and other brainstem targets, in order to generate behavioral and physiological 
output associated with fear behavior. 
The first part of the project will involve extensive re‐analysis of in vivo single unit recordings that have 
already been obtained from freely behaving mice during fear conditioning and extinction as well as the 
acquisition of new data in the Lüthi lab. These recordings will provide the basis for the development of the 
first generation of CEA network models. Previous work in the lab has led to the identification of distinct cell 
types in CEl which can be defined on a functional or genetic basis (Ciocchi et al., Nature, 2010; Haubensak 
et al., Nature, 2010). In these studies neurons were identified using extracellular single unit recordings. In 
order to obtain more detailed information on the cellular and synaptic properties of defined CEl neurons, 
the Lüthi lab will perform whole‐cell recordings in acute brain slices. These data will significantly contribute 
to the network models which will be established in the Aertsen lab. 
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The second part of the project will involve anatomical reconstructions of CEl and CEm neurons from 
neurons filled in vivo in the lab of Pierre Veinante in Strasbourg . Knowledge about the detailed anatomy of 
defined neurons, in particular their axonal projections and connectivity within the local network and with 
downstream targets, is absolutely crucial for the generation of realistic network models. 
Based on the extensive analysis of the physiological data obtained in the Lüthi lab and the anatomical data 
generated in the Veinante lab, a first generation network model will be generated incorporating key 
features of BLA and CEA architecture and the results of the connectivity analysis of the physiological data. 
We will characterize the network activity dynamics in the model and its response to input perturbations, 
aimed to mimic fear conditioning stimuli and other behavioral events. Thus, we can test how well 
experimental data can be reproduced. Detailed evaluation of the simulated network activity will reveal key 
parameters determining network activity in serially connected recurrent excitatory and dis‐inhibitory 
networks. Moreover, this will allow for making specific predictions regarding the computational role of 
different types of network interactions embedded in the BLA‐CEA system (recurrent vs. feedforward 
connectivity, excitation/inhibition vs. (dis‐)inhibition), which will be investigated using subsequent in vitro 
or in vivo recordings. 
Depending on the predictions derived from the first generation network model, specific experimental 
questions will be formulated and addressed using the appropriate electrophysiological and behavioral 
approaches. Such experiments may involve simultaneous single unit recordings from two or more amygdala 
subnuclei during fear conditioning and extinction. Moreover, in vitro whole‐cell recordings in acute brain 
slices may be useful to quantitatively determine important synaptic parameters (release probability, 
unitary conductance etc.) or connection probabilities between identified neurons. Eventually, the results of 
these experiments will be fed back into the network model. 
Ultimately, the combination of in vivo and in vitro physiological, behavioral, and modeling approaches will 
further our understanding of the principles underlying the organization and the functional plasticity of 
amygdala circuits and neuronal networks in general. 
 
 
Perspectives 
 
This project combines the behavioral and physiological competences in the Lüthi laboratory at the FMI in 
Basel, the profound experience in anatomy in the Veinante laboratory in Strasbourg, with the data analytic 
and modeling expertise in the Aertsen laboratory at the Freiburg Bernstein Center of Computational 
Neuroscience. This, in itself, provides a unique opportunity for scientific crossfertilization between hitherto 
disparate approaches across neuroscience labs in the Upper‐Rhine Valley. 
Moreover, by joining forces, we hope to be able to help resolve an outstanding question in the 
neuroscience of higher brain function: How does the topology and functional organization of neuronal 
networks relate to behavioral learning? By exploiting the powerful model of fear conditioning and 
extinction, we expect to identify key circuit features that are important for specific aspects of amygdala 
network activity/plasticity. Elucidating these mechanisms is fundamental for an understanding of learning 
and memory processes in the brain in general, and should also inform therapeutic strategies for psychiatric 
disorders involving excessive fear responses associated with amygdala hypersensitivity such as 
post‐traumatic stress disorder and other anxiety disorders. 
 
 

 
3. REQUIREMENTS FOR THE FELLOWSHIP 
 
A master degree or Diploma in the field of Neuroscience, Biology, Engineering or the Physics of Dynamical 
Systems is a pre‐requisite for the fellowship. The student should express a strong motivation for his/her 
future working. It is required that the student speaks English. Interest in network modeling, taking into 
account biological (physiological, anatomical) constraints is essential. 


