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Supplementary Table 1. Quantitative features of EC neuron dendrites

Supplementary Table 2. Quantitative features of EC neuron axons
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Supplementary Figure 1. Layer distribution of dendrites, axon collaterals and boutons.
A. Inter-bouton intervals, estimated number of boutons and axon collateral lengths in different
layers. For EC2 and EC3 neurons, the figures reflect the mean of the labeled neurons. B. Top,
layer distribution of dendritic lengths of EC2, EC3 and EC5 neurons. Bottom, layer
distribution of the axonal lengths. The color scale reflects bouton density (per 100 µm).
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Supplementary Figure 2. Theta oscillations vs depth profiles. Each panel is from a
different rat, using a single-shank 32-site (50 µm vertical site separation) probe. Black traces,
averaged theta waves at each recording position. Color maps, current sources (red) and sinks
(blue). Note similar LFP and CSD distributions in the superficial layers across animals and
some variability in deeper layers.
These CSD profiles may be different in the drug-free waking animal. Urethane or the
combination of urethane and ketamine (Klausberger et al., 2003) has long been used as a
preferred anesthetic to study various aspects of hippocampal functions (Bland 1986), despite
the well-know effects of anesthetics on the frequency and amplitude of hippocampal theta
oscillations, sensitivity to cholinergic antagonists (Kramis et al., 1975; Kamondi et al., 1998)
and altered theta phase-relationship of hippocampal neurons (Buzsáki et al., 1983; Fox et al.,
1986; Bland 1986). Theta-related firing patterns of EC neurons was also different from that
observed in the behaving animal. EC2 principal neurons showed a more robust theta phasemodulation and stronger population phase-locking to theta waves under anesthesia (shown in
this paper and in Stewart et al., 1992) than reported in the exploring rat (Chrobak and
Buzsáki, 1998; Hafting et al., 2008; Mizuseki et al., 2009). In the waking animal, EC2 grid
cells show phase precession of their spikes, resulting in a more broader phase distribution of
spiking activity (Hafting et al., 2008; Mizuseki et al., 2009). On the other hand, EC3 principal
cells in the waking animal fire preferentially at the peak of local theta, form a relatively tight
phase-locked group, independent of the firing patterns (Mizuseki et al., 2009), whereas under
anesthesia individual EC3 principal neurons showed preference to a wide range of phases and
limited theta phase-modulation (as shown in Figs. 6 and 9). This latter finding may explain
why theta power is most prominently decreased in the CA1 str. lacunosum-moleculare and
why the gradual phase shift from str. oriens to str. lacunosum-moleculare (Winson 1974;
Buzsáki et al., 1983; 1986; Brankack et al., 1993) is replaced by a single dipole across the
CA1 pyramidal layer (Penttonen et al., 1998; Kamondi et al., 1998) under anesthesia and after
surgical removal of the EC.
Anesthesia can have a profound effect on gamma oscillations as well. EC basket cells are
highly sensitive to NMDAr-mediated excitation (Jones and Buhl, 1993) and ketamine reduces
the frequency of kainate-induced gamma oscillations in EC slices. This slower gamma
oscillation is less dependent on EC2 basket cell feedback inhibition but is believed to be
mediated by EC3 ‘goblet’ interneurons (Middleton et al., 2008). In line with the in vitro
observations, the dominant frequency of gamma in our experiments was lower than that
observed in the behaving rat (Chobak and Buzsaki, 1998; Colgin et al., 2009).
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Supplementary Figure 3. Spike dynamics of intracellularly recorded spikes.
Autocorrelograms spikes of intracellularly recorded principal neurons. Neurons in different
layers are color-coded. Only spikes during LFP theta epochs are included. Note large
variability of spiking patterns even for neurons in the same layer.
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Supplementary Figure 4. Gamma phase modulation of EC neurons. Same layout as in
Figure 10 but here reference gamma is recorded from EC3. A, Color-coded discharge
probability of physiologically identified, extracellularly recorded EC2 (n=54), EC3 (n=43)
and EC5 (n=40) principal cells as a function of EC3 gamma phase (white line). Each row is a
single neuron, normalized to its peak firing rate (red=1). Neurons are sorted according to
firing rate (left axis). B, Population discharge probability of the EC principal neuron groups
shown in A. C, Polar plots of preferred phase and gamma modulation depth of single neurons
(symbols) and group mean (black arrows). D, E, F. Same display as A to C for
physiologically identified EC2 (n=56), EC3 (n=73) and EC5 (n=49) interneurons.
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