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RESEARCH INTEREST:
Summary of the performed research:
A number of previous studies point out that rhythmic population activity, such as theta
oscillations, play an important role in organizing the activity of different brain regions
through modulating the firing properties and information processing of distinct cell
assemblies during different behavioral states in the entorhinal-hippocampal circuit and in
other brain areas (Buzsáki&Draguhn, 2004). The entorhinal cortex, providing the primary
input to the hippocampus, consists of two different regions: the lateral (LEC) and the medial
(MEC) entorhinal cortices. Theta oscillations in these regions have been shown to modulate
spiking activity in the rat (Mizuseki et al., 2009; Schomburg et al., 2014). However, the
mechanisms of theta coordination of neurons in the different layers of MEC and LEC and
theta synchronization between MEC, LEC and the hippocampus during different behavioral
states are largely unknown. To address these questions we employed large-scale silicon
probes to record local field potentials (LFPs) and single-unit activity simultaneously in all
hippocampal subfields and medial and lateral areas of the entorhinal cortex layers of rats
during different behavioral tasks and sleep. Laminar recordings allowed us to characterize
layer-specific LFP oscillations and spiking patterns.
Our preliminary analyses of LFP indicate that theta oscillations are present in MEC and also
in LEC, although with lower amplitude, and are coherent with hippocampal oscillations.
Moreover, current source density (CSD) analyses of LFP profiles reveal strong theta dipoles
in layers III and II-I of both areas indicating at least two independent theta generators
Short description of the proposed research for the scholarship period:
Following the investigation of LFP oscillations, we aim to perform a detailed analysis of the
spiking patterns of neurons in the entorhinal cortex of the rat. We hypothesize that in MEC
and LEC different functional subtypes of principal cells and interneurons can be distinguished

according to their theta-phase preference and firing rate dynamics. We expect that these
cellular subpopulations also present behavioral dependent modulation during awake and sleep
states and these changes in theta-phase preference, phase-locking strength and firing rate
could reflect modulation of entorhinal inputs to different hippocampal regions according to
behavioral demands.
To address these questions in my project I will perform surgeries implanting rats with
multiple large-scale silicon probes and perform neuronal recordings daily for around 30 days
per animal during different behavioral tasks and sleep. Furthermore, I will carry out deeper
analyses of our dataset using built-in and custom-made software in Matlab. First, to separate
single neurons from each other based on their extracellularly recorded spiking activity, I will
perform manual cluster-cutting after an automatic spike-sorting process using the
KlustaViewa software (http://klusta-team.github.io/index.html). Afterwards I aim to
differentiate principal cells from interneurons in the distinct layers of MEC and LEC based on
their autocorrelograms and waveform characteristics using custommade Matlab scripts.
Subsequently I will implement further advanced analytical methods to determine whether
based on their theta-phase preference, phase-locking strength and firing rate dynamics
functional subtypes of principal cells and interneurons can be differentiated in MEC and LEC
and assess if these subpopulations display different behavioral dependent modulation.
In summary the proposed research aims to address the hypothesis that theta rhythmic
population dynamics in the rat entorhinal cortices occurs in a region- and layer-specific
manner during different behavioral states.
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