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P. Lucas, K.Ukhanov, T. Leinders-Zufall, and F. Zufall. A Diacylglycerol-Gated Cation Channel in Vomeronasal Neuron Dendrites Is Impaired in TRPC2 Mutant Mice: Mechanism of Pheromone Transduction. Neuron 40: 551–561, 2003.


Hallmark paper describing a novel current in vomeronasal receptor neurons from mouse.  The authors recorded currents from isolated patches, isolated whole-cell neurons and slice- prepared whole-cell neurons.  In all recording configurations a non-selective cation current was elicited with either DAG or DAG-analogues and this current was essentially ablated with gene-targeted deletion of TRPC2.  The authors also show that the putative TRPC2 current is elicited by dilute urine and not by IP3.

K. Hamada, A. Terauchi, and K. Mikoshiba. Three-dimensional Rearrangements within Inositol 1,4,5-Trisphosphate Receptor by Calcium.  J Biol Chem 278: 52881–52889, 2003.


Neat paper using simple biochemistry and painstaking electron microscopy to investigate conformational changes in the IP3R1 channel.  IP3R1 undergoes allosteric conformation changes upon binding of divalent cations and not IP3.  Partial proteolysis of IP3R1 in the presence or absence of calcium induces differing patterns of proteolytic fragments.  Furthermore, reconstruction of the total channel structure with serial transmission electron micrographs reveals that in the presence of calcium the channel is more likely to occupy an ‘open’ conformational state.  
V. Nache, E. Schulz, T. Zimmer, J. Kusch, C. Biskup, R. Koopmann, V. Hagen and K. Benndorf. Activation of olfactory-type cyclic nucleotide-gated channels is highly cooperative. J Physiol 569: 91–102, 2005.


Technique and mathematics dense paper that investigates and models cyclic-nucleotide gating of cyclic-nucleotide gated channels.  With flash-photolysis of caged-cNMP (either cAMP or cGMP) to various concentrations, the current activation kinetics did not change linearly with ligand concentration.  Furthermore, the activation kinetics were best fit with a two exponential curve.  These data indicate multiple, non-equivalent binding steps during CNGC gating by cNMP.  The authors go on to show that the gating best fits a novel allosteric model with three binding steps.

L. Heginbotham, T. Abramson, R. MacKinnon. A Functional Connection Between the Pores of Distantly Related Ion Channels as Revealed by Mutant K+ Channels, Science 258: 1152- 1155, 1992.


Mutagenesis of the selectivity filter region of Kv channels confers upon the mutant channel a filter similar to cyclic-nucleotide gated channels.  Thus, very small amino acid substitutions can completely change the electrical function of a channel.  These results also have strong implications for the molecular evolution of all channels from the voltage-gated potassium super-family.  
AP. Dawson. Calcium signaling: How do IP3 receptors work? Current Biology 7: R544–R547, 1997.


Brief review paper that discusses the kinetics of IP3 receptors in terms of IP3 triggered calcium release and calcium sensitivity.  This paper is particularly good to read just before the work of Hamada et al. as it shows possible conformational states and allostery by calcium.

CW. Taylor, PC.A. da Fonseca and EP. Morris.  IP3 receptors: the search for structure TRENDS in Biochemical Sciences 29: 210- 219, 2004.


This IP3 receptor review focuses on the channel structure.  This paper is also particularily good to read just before the work of Hamada et al. as it explains channel reconstruction using transmission electron micrographs.  This review also talks about the structure of individual domains within IP3R and not just the whole structure. 
KB. Craven, and WN. Zagotta. CNG AND HCN CHANNELS: Two Peas, One Pod. Annu. Rev. Physiol. 68:375–401, 2006.

Extensive review on cyclic-nucleotide gated channels and evolutionarily related channels.  This review covers everything from the structure of cAMP to how HCN channels alter cardiac activity. 

M. Strong, KG Chandy, and GA. Gutmany.  Molecular Evolution of Voltage-sensitive Ion Channel Genes: On the Origins of Electrical Excitability. Mol. Biol. Evol. 10:221-242, 1993.


Authors use selected protein sequences from many ion channel families to deduce intra- and inter- family relationships.  Paper indicates how the different families may have arose and how the differing portions of the channels (ie. the S4 domain) are related.  Authors figure that the first ion channel was a calcium channel.

RC. Hardie.  TRP channels and lipids: from Drosophila to mammalian physiology. J Physiol 578: 9–24, 2007.

Another review paper, this one discusses the members of the transient receptor potential family.  This is a very thorough review that focuses on where TRPs are expressed and their putative activators.

I. Bosanac, T. Michikawab, K. Mikoshiba, M. Ikura.  Structural insights into the regulatory mechanism of IP3 receptor. Biochimica et Biophysica Acta 1742: 89– 102, 2004.


Review paper that compares the structure of IP3 receptors to that of potassium channels.  This paper discusses the channel as a series of functional domains and emphases the points with good cartoons.  Due to the fact that both calcium and calcium-binding proteins bind to IP3R, this paper is also a good (but brief) review for the domains that regulate these interactions.

Websites:

1- ionchannels.org:   searchable with tons of links, can be confusing.

2- Claphamlab (clapham.tch.Harvard.edu): primer of TRP channels, contains excellent cartoons.

3- Science STKE (stke.sciencemag.org): go to educational resources and search for channel of interest, contains presentations by experts in many biomedical topics.

4- //openwetware.org:  wiki with lectures from top-notch universities, good for demonstrations, background info and cartoons, searchable.

5- Genenames.org: a hyper-linked meta-site for information on any gene, searchable

6- //opal.msu.Montana.edu/cftr/default.htm:  primer on cftr, has good background info on channels.

7- //en.wikipedia.org:  another generic background source, must be verified by another source, a good starting point for the ignorant, searchable.

8- www.moleculardevices.com/pages/instruments/axon_guide.html:  the online version of the venerable Axon Guide, great background info and much technical detail.

9- www.ihop-net.org: a hyper-linked meta-site for information on any gene, searchable, can be difficult to get good info out of.

10- Predictprotein.org: online proteomics database, need to create a user account, is free and works really well and is easy to use, submit amino acid sequence for analysis of structure and function.

