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The role of hippocampus in various cognitive processes such as formation of long-term memories and spatial navigation has been puzzling scientists since the famous reports on patient H.M. After the surgery, H.M.’s medial temporal lobe, including hippocampus, appeared to be dysfunctional, impairing his ability to form novel long-term memories as well as interfering with his spatial perception.

Arc/Arg3.1 is a gene that codes an activity-regulated cytoskeletal protein that is involved in AMPA-receptor trafficking. In vivo electrophysiological studies have shown it to have important role in long-term synaptic plasticity (LTP and LTD). Behavioral studies of Arc/Arg3.1 knockout mice have elucidated its crucial role in memory consolidation: the knockout mice have intact working memory, but, while otherwise indistinguishable from wild-type littermates, their long-term memory is severely impaired in spatial, object recognition, fear conditioning and taste aversion tests1. 
Knowing that Arc/Arg3.1 is expressed during spatial exploration, we created an experimental setup that would allow us to carry out in vivo recordings on Arc/Arg3.1 knockout mice created by the group of Dietmar Kuhl in Freie Universität Berlin, while they are performing a spatial learning task that requires learning beyond working memory. The recordings are carried out with a multi-electrode recording device (referred to as “hyperdrive” 2) that allows us to study the activity of neural units while the animals are freely behaving (moving, sleeping, etc.)

The recordings aim not only at increasing our understanding of hippocampal circuitry involved in spatial navigation, but also enhancing our knowledge of the general principles behind memory consolidation and synaptic plasticity. In vivo electrophysiology of neural ensembles of freely behaving mice is an up-and-coming technique that, especially when combined to the extensive availability of genetically modified mice, allows effective and sophisticated study of neural correlates of learning and memory.
The project can provide a great opportunity for an internship student who is interested in neural mechanisms of (spatial and reinforcement) learning and memory and is keen on learning to perform in vivo electrophysiology on behaving mice. The intern will also learn handling and behavioral training of mice as well as processing and analyzing electrophysiological data including spike sorting, MatLab scripts etc.
Goals
1. Spatial learning and place fields in novel and familiar environments
Taken that Arc/Arg3.1 is expressed during spatial exploration, we expect it to play a role in spatial learning. We plan to study the formation and stability of place fields3 in novel and familiar environments using circular track running task in a controlled environment4.

2. Formation and stability of place - reward associations, flexibility and reversal learning

Together with the previous studies1 in Morris water maze, the preliminary behavioral studies conducted in our custom T-maze in which the reward probabilities in different arms are switched after the animal has reached a stable preference for the higher reward probability arm suggest that the Arc/Arg3.1 knock-out mice are not only slower in forming place – reward associations in the initial learning phase, but also less flexible in abandoning the previous associations. We aim at characterizing the neuronal patterns behind these defects.
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