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Understanding electrical signaling in the brain
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“Not all spikes are the same” — combination of Na*, K*, Ca®* .....currents

Bean {2007), Nat Rev Neurosci, 8451



Understanding electrical signaling in the brain

- determine the molecular identity of specificionic currents in native tissue
- determine the structural and biophysical properties of molecular complexes

- functionally dissect neuronal networks (silencing specific neurons)



Molecular diversity of ion channels complexes o subunits > 500
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Voltage activated K* channels (K )
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Architecture of voltage-activated K* channels (K )
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Proposed mechanisms for voltage sensing

Conventional Model

Paddle Maodel

Yang et al. {1996) Neuron 16,113
Starace and Bezanilla (2004) Nature 427, 548

Jiang et al. (2003) Nature 423, 33 :



X-ray structure of an eukaryotic Kv channel

top view lateral view

Long et al. (2007) Nature 453, 376






Porénblouieisating voltage-activated K, channels
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Gating modifiers
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Gating modifier toxins alter voltage-dependence activation of Kv 2.1 channels
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Gating modifier toxins bind to the voltage-sensor paddle motif

paddle
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Is the voltage sensor paddle in contact with lipids?
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Gating modifier toxins partitioning into artificial lipid membranes
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Gating modifier toxins bind to voltage sensor paddle within the membrane
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Effect of lipid modifications on channel function
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Structural determinants responsible for effect of lipid modifications

Kv Ci-VSP

paddle
motif

10 mV wamax1 0 ‘_i
— g
-60 mV -60 mV -
[ I
0.5- > *
CiVSP - ® o
. =
. o
Tk
0.2 uA —d
4! g 0.0- W

100 ms -80 -40 0 40 80
Voltage, mV

Milescu et al (2009) Nature



Effect of lipid modifications on voltage sensor pharmacology
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Toxins as detectors of lipid-paddle interactions
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Coupling between lipid modification and paddle mutations
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Potential research and therapeutic use
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Conclusions

« |n physiological membranes the voltage sensor paddle is lipid-exposed
and moves at the channel-lipid interface - consistent with the new ideas

emerging from the structural data.

« Specific lipid-channel interaction shape the function and pharmacology of
the channel (channel-lipids as a functional unit!).

« (Gating modifier toxins act through a membrane pathway.
« Protein-protein interactions as well as protein-lipid interactions are

required for their activity.
« They can be used to probe local lipid environment and even protein-

protein interactions between transmembrane proteins (e.g. channel
and auxiliary subunits).
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