The distribution of HCN channels normalizes phase and synchronizes Inputs In
the theta frequency range along the apical dendrite of CA1 pyramidal neurons
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Abstract
A typical CA1 neuron in the rodent hippocampus recieves about 20,000 The gradient of H-conductance along the apical dendrite synchronizes the timing of incoming theta frequency inputs at the soma

(mostly) excitatory synapses in the s. radiatum region (1), which spans
about 350 um from the soma to the start of s.I.m, re-
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obvious challenge for the CA1 neuron is to integrate H-channels modulate the phase of the oscillatory signals Theta Frequency Oscillatory inputs from the dendrite and the soma are synchronized at the soma
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online’ state of the network, show that the CA1 The gradient of H-channels leads to a phase gradient along the dendritc axis Phase Synchrony is direction-dependent
neuron recieves periodic excitation and inhbition B Phase Difference Plot D2
resulting in '_[heta f_rquency (4-10 HZ)_ mem- Phase qut: ‘ 2 Hz A2 Difference of Phase as relative to the C Phase Difference Plot: Mean Phase Difference Plot:
brane potential oscillations in the dendrites as Phase Gradient within a Neuron LOCAL SOMATIC RESPONSE VN Difference of Phase as relative to the Difference of Phase as relative to the
well as the soma (3). e o EOC%: it 250 umA‘ﬂ’fD" LOCAL DENDRITIC RESPONSE LOCAL SOMATIC RESPONSE
- 300 pm ﬁ?b 100 ms A Dendrite >
Here we show that the CA1 neuron exploits & 3 - T R
. . . : 2 _ Local o
these slow rhythmic inputs such that inputs across the apical dendrite reach _ 7 7 Hz 2 2 W/ Soma 2
. , . . : : . ® R bbb NS T AN g ~—_ g~
the integration zone near the soma simultaneously irrespective of their location 150 pm g B i =0 cg
.. . . . - o : — 8 > — Q5
of origin along the apical dendrite. This phenomenon of ‘synchrony’ across the £ g ¥ VWW g5 S g
: . i A 50 ms 0 Propagated 0 um &= ~ 2=
apical dendrite occurs due to the gradient of HCN (H) channels along the g o | 1o Soma (soma) - 3 tPr(IJDpagdat'ted £
. - | | | | | | | | [a) O benarite
apical dendrite. 0 > - 14 Hz o 2 4 6 8 10 12 14 o , >
) . Hm | | I I | | | |
H-channels, due to their tendency to resist membrane change, act as an (soma) 4 : | Frequency (H2) — o 2 4 6 8 10 12 14 o 2 4 6 8 10 12 14
: ] ] i 0 2 4 6 8 10 12 14 a JUHTXHQF\ UDQJH Frequency (Hz) Frequency (Hz)
Inductor in the membrane. The inductive reactance thus generated counter- Frequency (Hz) 20 e
acts the capacitative reactance of the neuronal membrane and advances the - —_— Figure 3:Theta Frequency Oscillatory inputs from the distal dendrite (propagated) and the soma (local) are synchronized at the soma: (A1) ZPPs for Chirps injected in the
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ical dendrite (4), they generate a gradient of local ‘phase advance’ (5). Here A somatic recording depicting the ZPP in response to the chirp stimulus before and after the application of HCN (H) chan- matic voltage response are commdent_ at the soma in the theta frequency range. We r_efer to this as phase_synchrony. T_hls occurs as the pha_se advance of the local dendritic signal
apical ae k y g_ g P = : nel blocker ZD 7288 ( 20uM). The inductive reactance imparted by the h-channels counteracts the capacitative reactance compensates for its delay of propagation to the soma. (A2) same as Al, but now, depicted as a difference in phase relative to the local somatic voltage response. (B) shows that the
we show that this gradient of phase advance counteracts the distance- of the neuronal membrane to advance the phase of the voltage response as shown on the right. (B) The gradient of in- phase synchrony is dependent on the inductive gradient of h-channels, because when blocked with 20 uM ZD7288, the dendritic signal always arrives after the somatic signal irre-
dependent delay in propagation of inputs, to normalize the timing of inputs creasing h-conductance from soma to distal dendrites leads to a gradient of increasing local phase advance as shown by spective of the input frequency. (C) shows that the phenomenon of phase normalization is directional in nature, as signals propogated in the opposite direction, from the soma to the
across the stratum radiatum during dendritic integration. the local ZPPs in response to chirps at soma, 150 um and 300 um, with corresponding voltage traces on the right. dendrite, do not show phase synchrony at the dendritic location i.e oscillatory signals propagated from the soma always arrive after the local dendritic response. (D1) and (D2) show

that the frequency of synchronization (as seen in A2) is voltage-dependent for an individual neuron and for a populaion of neurons, respectively.

Methods

Surgery, slice preparation and Electrophysiology: 10 - 14 week male Sprague Dawley rats were anesthetsized with
a combination of Ketamine and Xylazine, and transcardially perfused with ice-cold saline sloution (with Sucrose i i ] . ] ] ] . ]
replacing NaCl), as per within the guidelines set by the University of Texas IACUC committee. Near horizontal Input synchrony is maintained across the apical dendrite Phase synchrony is established by differential local phase advance
350um thick slices were made and whole cell patch-clamp recordings were made in the current-clamp mode from
the middle hippocampal region using an IX2-700 dual channel amplifier (Dagan) and a BVC-700 single channel am-

Inputs across the entire apical dendrite are synchronized at the soma for Theta frequency inputs
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