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A Novel Leucine Zipper Targets AKAP15 and Cyclic AMP=dependent Protein Kinase to the C Terminus of the Skeletal Muscle Ca2+ Channel and Modulates Its Function. The Journal of Biological Chemistry. 2002 Feb; 277(6). 4079-4087. Hulme JT, Ahn M, Hauschka SD, Scheuer T, and Catterall WA.
· Until the publishing of this paper the mechanism by which AKAP15 targets PKA to L-type calcium channels has been unknown. Using techniques from molecular biology and from electrophysiology (whole-cell patch clamp) the authors were able to determine that the PKA anchoring protein AKAP15 directly binds with the CTD of the α1 subunit of Cav1.1 channels using a leucine zipper motif. Disruption of said interaction inhibits voltage-dependent potentiation of L-type channels in skeletal muscle – a novel method of modulation.

AKAP signaling complexes: getting to the heart of the matter. TRENDS in Molecular Medicine. 2006 Jul; 12(7). 317-323. McConnachie G, Langeberg LK, Scott JD.
· A review of the structure and function of AKAP (A-kinase anchoring proteins). This review provides a summary of their role in cAMP signaling, their typical mechanisms, their generalized structure, a summary of some AKAP complexes including areas of functioning, how AKAPs contribute to cardiac function and lipolysis. This review offers some background knowledge into the pieces required to regulate calcium channel activity.
The C Terminus of the L-Type Voltage-Gated Calcium Channel Cav1.2 Encodes a Transcription Factor. Cell. 2006 Nov; 127: 591-606. Gomez-Ospina N, Tsuruta F, Barreto-Chang O, Hu L, and Dolmetsch.
· The CTD of L-type calcium channels are used for more than just regulation of the channel. The release of this paper reveals that part of the CTD actually translocates to the nucleus, binds to a promoter and regulates gene expression – the first example of a calcium channel functioning as both a pore and a transcription factor. This fragment is called CCAT (calcium channel associated transcriptional regulator). Using molecular techniques (fluorescent staining, blotting, microarrays, real time PCR) they not only discovered this mechanism by the genes that CCAT regulates (reporter genes, gap junctions, NMDA receptor subunit, sodium-calcium exchanger). 

C-terminal Fragments of the α1C (Cav1.2) Subunit Associate with and Regulate L-type Calcium Channels Containing C-terminal-truncated α1C Subunits. The Journal of Biological Chemistry. 2001 June; 276(24): 21089-21097. Gao T, Cuadra AE, Ma H, Bünemann M, Gerhardstein BL, Cheng T, Eick RT, Hosey MM.
· This is the first reported evidence that fragments (proteolytically cleaved portions) of the CTD in L-type Ca2+ channels remain after cleaving to bind to the truncated α1C subunit in order to regulate the currents of the channel. This allows the channel the retain its ability to be modulated even after the endogenous cleaving that is seen in most (if not all) presentations of the channel. To this end the authors used molecular techniques (expression/overexpression of channels/fragments, immunoprecipitation) and electrophysiology (whole-cell patch clamp) to reveal that fragments of the CTD can associate with truncated α subunits to regulate the channel.

AKAP79/150 Anchoring of Calcineurin Controls Neuronal L-Type Ca2+ Channel Activity and Nuclear Signaling
Neuron. 2007 Jul; 55: 261-75. Oliveria SF, Dell’Acqua ML, Sather WA.
· In L-type calcium channels, AKAP proteins bring PKA to the DCT in order to modulate the activity of the channel. PKA increases activity, but what brings down the activity? This paper shows that Cav1.2 binds with AKAP79/150 (which in turn bind PKA and calcineurin). The AKAP protein binds both PKA and calcineurin and then allows the channel to be upregulated or downregulated by the same complex. Using molecular techniques (FRET) and patch clamp electrophysiology, the authors found that calcineurin anchored by the AKAP dominantly suppresses PKA upregulation of the channel. NFATc4 is also activated via this mechanism ( L-type channels are able to promote signaling to the nucleus via this factor.

Regulation of Sodium and Calcium Channels by Signaling Complexes. Journal of Receptors and Signal Transduction. 2006; 26:577-98. Catterall WA, Hulme JT, Jiang X, Few WP.
· This review summarizes how sodium and calcium channels are regulated by signaling complexes. The latter half of the article focuses on calcium channels (all classes). SNARE protein interactions, including feedback regulation are discussed. Modulation by g-proteins and their downstream elements (CaMKII, PKA/AKAP) are also discussed. G-protein modulation can be reversed by PKC. There are also sections dealing with calcium channels localized to the muscles and heart.
A short history of voltage-gated calcium channels. Br J Pharmacol. 2006 Jan; 147(S1): S56-S62. Dolphin AC.
· This review is different from some of the others in that it provides some historical background on the calcium channel field – including important figures in the field’s development (Katz, Hagiwara, Fleckenstein, Reuter). The review also touches on pharmacology, function and the identification  of the different subtypes of the calcium channel family, subunits, domains etc. Modes of regulation of these channels is the last topic covered.
Molecular Mechanism of Calcium Channel Regulation in the Fight-or-Flight Response Science Signaling. 2010 Sept; 3(141):1-10. Fuller MD, Emrick MA, Sadilek M, Scheuer T, Catterall WA.
· Overexpression techniques and electrophysiological techniques are used in this paper to determine how Cav1 channels are regulated outside of cardiac/muscle cells. Insights from how they are modulated within muscle cells are used to determine that the proteolytically cleaved portion of the DCT remains and interacts (non-covalently) with the alpha subunit of the channel allowing for PKA enhancement of the channel via the phosphorylation of Ser1700. PKA, AKAP15 and the availability of Ser1700 for phosphorylation are required for PKA-dependent modulation of Cav1 channels outside of the muscle system. First time describing the disinhibition of an autoinhibitory mechanism to regulate a channel’s activity.
Voltage-Gated Calcium Channels. Cold Spring Harb Perspect Biol. 2011; 3: 1-23. Catterall WA.
· An in-depth review of voltage-gated calcium channels which covers multiple topics. Sections include: physiological roles of voltage-gated calcium channels, current types, molecular properties, 3-D structure, functions of the various subunits, molecular basis of channel function, Cav1 channels and their regulation (via proteolytic processing of CTD), Cav2 channels and their role in synaptic transmission (modulated by g-proteins and SNARE complexes), and finally Cav3 channels. 

L-Type Calcium Channels: The Low Down. J Neurophysiol 2004; 92:2633-2641. Lipscome D, Helton TD, Xu, W. 
· This concise review covers specifically the L-type calcium channels. The article reviews criteria used for the identification of this type of channel to distinguish from the others. It touches on the genes that encode these channels, their gene tree, different functions of each of the classes of the L-type channels (1.1-1.4) and some electrophysiological properties of each class.
Interesting Links:

http://calcium.ion.ucl.ac.uk/calcium-channels.html
· A resource/database with information regarding the physiology, pharmacology, modulation, pathology and knockouts of the different types of calcium channels (L-type and non-L-type).

http://neuromuscular.wustl.edu/mother/chan.html#ca
· An outline of calcium channels in general – containing information regarding classes, modulation, functions of subtypes, pharmacology, localization, molecular structure, electrophysiological characteristics, pathologies etc. 

http://en.wikipedia.org/wiki/Voltage-gated_calcium_channels
· A great place to start for a general knowledge of voltage-gated calcium channels with links to other pages with information to help understand other ion channels and electrophysiology in general. It covers specifically the different subunits and touches on muscle physiology.

http://asia.elsevierhealth.com/media/us/samplechapters/9781416045748/Guyton%20&%20Hall%20Sample%20Chapter.pdf 

· A sample chapter from a college biophysics book covering membrane potentials and action potentials. A quick resource in case one has forgotten their basics of biophysics. 

http://www.iuphar-db.org/DATABASE/ObjectDisplayForward?familyId=80&objectId=529
· A database covering a general knowledge of the characteristics of calcium channels (electrophysiological/molecular) with a concentration in pharmacology – an exhaustive list of blockers and activators. Also included is a list of proper functional assays. 

http://en.wikipedia.org/wiki/Calcium_channel_blocker
· Calcium channel blockers are mainly used to decrease blood pressure and as antiepileptics. These are pharmacological agents that act on calcium channels in different ways to do what they should. Wikipedia provides a nice overview on blockers here. It includes their names, some structures and mechanisms of action.

http://icwww.epfl.ch/~gerstner/SPNM/node15.html#SECTION02133000000000000000
· A page referring to the “zoo of ion channels” and looking at different biophysical characteristics of various ion channels. Includes formulas and citations from such luminaries as Hodgkin and Huxley and Hille. 

http://hstalks.com/main/browse_talk_info.php?talk_id=1949&series_id=533&c=252
· Videos! Talks on various ion channels.

http://www2.montana.edu/cftr/ionchannelprimers/beginners.htm
· Ion channels for beginners. A short introductory primer on how ion channels work, what they do, and the types of channels known. Also includes helpful drawings. Written in voice of an educator – might provide a different slant on what you have known.

http://nerve.bsd.uchicago.edu/
· A website containing programs used to simulate nerve activity/action potentials. Good for visualizing complex concepts and seeing an action potential right before your eyes. Uses concepts from Hodgkin and Huxley and Nernst as the basis for the programs.

