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Ion channels are pathway

 for charge movement

•• Membrane-spanning pro teinsMembrane-spanning pro teins

•• Hydroph il ic ion condu ctive pathwayHydroph il ic ion condu ctive pathway
–– Water-fi lledWater-fi lled

–– Traversing ion must  lose hydrat ion shellTraversing ion must  lose hydrat ion shell
•• Select iveSelect ive

–– Charge screening and sizeCharge screening and size

–– Specific bind ingSpecific bind ing
•• Gating prop ertiesGating prop erties

–– Exist in open and closed statesExist in open and closed states

Properties of Ion Channe ls
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Patch Clamp:
    Sing le chan nel reco rdin gs
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Vol tage-gated K + Channel:
    Structural model

Doy le et al . (1998) Science  280: 69-77

Molecular Surface
of the Channel

Contour of the
Conductive Pore

Vol tage-gated K + Channel:
    Structural model

Voltage-gated Channels:   variati ons on a theme

K + ch annel,
    fo ur sub units

Na+ an d Ca++ ch an nels
    one sub un it, fo ur d omains

Rest ing mem brane
potential

Depolar ization

Voltage-gated Na+ Channel:  three conformations

Voltage-gated Na+ Channel:   inactivat io n d uring  act ion  p otential
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Closed Open Inactivated

Vol tage-gated K + Channel:
    “ ball -and-chain” model of i nactivation

Acetylchol ine Receptor:
    signal transmission
    at the neuromuscular junction

ACh rec eptors v isualized wi th  fluorescent st a ins

Resting synapse
ACh  r eceptors c losed

Activated synapse
ACh  r eceptors o pened

Acetylchol ine Receptor:
    a ligand-gated io n channel

Ring of chargesRing of charges

Bind ing po cketBind ing po cket

GateGate

3D structure of 3D structure of AChACh-receptor-receptor
9 angstrom resolution9 angstrom resolution

UnwinUnwin  (1993) (1993) Neuron Neuron  10:31-41 10:31-41

Structural modelStructural model

Acetylchol ine Receptor:
    a ligand-gated io n channel
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TetramericTetrameric chann el chann el
●● Voltage-gated Voltage-gated
●● Highly selective Highly selective

PentamericPentameric channels channels
●● Ligand Ligand-gated-gated
●● Selective for charge Selective for charge

HexamericHexameric  channels channels
●● Persistent Persistent
●● Selective for size Selective for size

Inward rect ifiersInward rect ifiers
ShakerShaker  K K++ ch an nels ch an nels
NaNa++ ch an nels ch an nels
CaCa++++ ch an nels ch an nels

AChACh  r eceptor r eceptor
NMDA an d AMPANMDA an d AMPA
GABAGABA
Glyc ineGlyc ine

Gap ju nctio ns Gap ju nctio ns 
Water chann elsWater chann els

Subunit  Structure as Basis of Classification


