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WEBSITES

1. http://www2.montana.edu/cftr/ionchannelprimers/beginners4.htm
Contains three different sections: one that summarizes how ion channels work in general, one that explains why ion channels are necessary for biological function, and one that contains a master list of known ion channels and gives a brief history and description of each.

2. https://www.khanacademy.org/science/biology/human-biology/neuron-nervous-system/v/sodium-potassium-pump
Khan Academy is a non-profit educational resource site that started in 2006 as a central location for many types of free educational tutorials. This video explains in detail the steps of an action potential and how voltage-gated sodium channels are involved.

3. http://www.tocris.com/pharmacologicalBrowser.php?ItemId=5035&Type=Blockers - . VCBzMYBdVak
This is a webpage on the ordering site of biotech supply company. There is a list of several types of sodium channel blockers each of which is linked to a specific summary of that blockers activity and technical data.

4.  http://www.cvpharmacology.com/antiarrhy/sodium-blockers.htm
This is another list of sodium channel blockers, but it focuses solely on cardiac action potentials and how these blockers affect cardiovascular function or can be used to ameliorate types of arrhythmias.
5. http://neuromuscular.wustl.edu/mother/chan.html#SCN4A
This website is the work of a physician at the University of Washington. It is not the most organized or visual appealing website but it contains an incredible amount of information. I believe the website creator’s goal was to provide as much information about neurology as possible in one location. One of the websites sections is dedicated to sodium ion channels and another section is dedicated specifically to disorders caused by sodium ion channels.

6. http://www.iuphar-db.org/DATABASE/FamilyIntroductionForward?familyId=82
Internation Union of Basic and Clinical Pharmacology website that summarizes the structure of sodium ion channels and the genes that code for the different types of sodium ion channels. Also includes a phylogeny of the relatedness of the sodium ion channels.
7. http://useast.ensembl.org/Homo_sapiens/Gene/Summary?db=core;g=ENSG000001442 85;r=2:165989160-166128013
This is a link to the Ensembl database page for SCN1A. You can easily find links to the other sodium channel genes and each page contains more or less everything you need to know about the gene (sequence, chromosome location, splice variants, expression, etc.).
8. http://www.st-andrews.ac.uk/~wjh/hh_model_intro/
This is on a site that is run by Dr. William Heitler at the University of St Andrew’s. This particular part of his site is a text-based tutorial that breaks down the conceptual background and the mathematical basis of the original work by Hodgkin and Huxley. It explains how they generated the H-H model: both the reasoning and the equations.

9. http://courses.washington.edu/conj/membrane/nachan.htm
Serving as a potential starting point, this site contains text and figures that demonstrate the basics of voltage-gated sodium channels. It looks like it was probably constructed for an undergrad physiology or “basics of neuroscience” course, but the figures are effective and it would be helpful for someone that just wants the bare-bones basics.
10. http://ionchannels.org/linkarchive.php
This site provides a central location for a lot of useful information. The site contains links to websites that are specific to sodium channels, links to labs that study sodium channels, links to archives of sodium channel research, and links to free articles related to sodium channels. Ofcourse, there are links to whatever type of channel one could be interested in so the site may seem convoluted, but with some refined searching you can find specific information.
ARTICLES

1. Catterall WA. June 2012. “Voltage-gated Sodium Channels at 60: structure, function, and pathophysiology.” J Physiol. 590:2577-89.

William Catterall is an expert in the field of ion channels. This review is celebrating the 60th anniversary of the discovery of the sodium current that initiates action potentials. The review is comprehensive and explains the structure and function of sodium channels in detail. The review also summarizes some of the disorders that are related to sodium channelopathies and then concludes with some conjecture about the future potential of promising sodium channel research venues.

2. Claes L, et al. 2001. “De Novo Mutations in the Sodium-Channel Gene SCN1A Cause Severe Myoclonic Epilepsy of Infancy.” The American Journal of Human Genetics. 68:1327-1332.

This is a simplistic article that does not have any electrophysiology. It is almost purely genetic, but I felt that it was important because it demonstrates how a mutation (frameshift, missense, etc.) in the SCN1A gene leads to epileptic seizures. This shows that sodium channels are important and that mutations can lead to serious complications.

3. Liu M, Wood JM. 2011 “The Roles of Sodium Channels in Nociception: Implications for Mechanisms of Neuropathic Pain.” Pain Medicine. 12:s93-s99

This article reviews the role of Voltage-gated sodium channels in chronic, neuropathic, and inflammatory pain. The review covers the different types of channels that are involved in different types of pain mechanisms, the animal genetic models that can be used to study these pain mechanisms, and the genetic connections to pain in humans.

4. Weiss J, et al. 2011. “Loss-of-function mutations in sodium channel Na​v1.7 cause anosmia.” Nature. 472:186-192.
This is the article that I presented during the discussion. Loss-of-function mutations in the SCN7A gene had previously been shown to cause a loss of pain sensation in human patients. These researchers showed that these same mutations result in a loss of olfactory capabilities. The have electrophysiological data that shows a current reduction at a certain step in the signaling conductance pathway of the olfactory system and paired that with behavioral data in KO mice that have reduced odor-guided behaviors.
5. Yu, F and Catterall W. 2003. “Overview of the voltage-gated sodium channel family.” Genome Biology. 4:207.
This is a review article that summarizes the differences between the varying voltage-gated sodium channels. The article delves into the evolutionary history of the genes that code for the channels as well as the molecular differences in the channels and how these molecular differences lead to functional diversity among the members of the family.

6. Hernandez-Plata, E et al. 2012. “Overexpression of NaV 1.6 channels is associated with the invasion capacity of human cervical cancer.” Int J Cancer. 130:2013-2023.

This is an interesting article that shows that disorders can result from not only the malfunctioning of sodium channels but also from inappropriate expression levels of those channels. The researchers used immunolocalization techniques and electrophysiological techniques to confirm the presence and overexpression of Nav1.7 in cervical cancer cells compared to non-cancerous cervical cells.

7. Isom, L. 2001. “Sodium Channel β Subunits: Anything but Auxiliary.” Neuroscientist. 7:42-51.
Sodium channels consist of an alpha-unit that is responsible for the conductance of sodium current and auxiliary beta-subunits. The alpha-subunit consists of the pore and the voltage sensing domain and binding sites for many drugs. This makes it easy to forget about how important the associated beta-subunits are. This article does a good job of summarizing the important modulating functions of the beta-subunit as well as disorders associated with beta-subunit malfunctioning.
8. Payandeh, J et al. 2011. “The crystal structure of a voltage-gated sodium channel.” Nature. 475:353-358.
This paper presented the crystal structure of a bacterial voltage-gated sodium channel. A lot of the language was esoteric and the concepts of the technique were over my head at times but I found it very interesting that they could elucidate the crystal structure of a bacterial sodium channel and use that structure to make comparisons to vertebrate sodium channels to help us understand the mechanics on such an incredible detailed level.

9. Goldin, A. 2001. “Resurgence of Sodium Channel Research.” Annu Rev Physiol. 63:871-894.
This is an expansive review of the sodium channel family that was published around the time when sodium channel research was trending towards significance again. This review is similar to the Catterall review from earlier but it goes into detail regarding the different sub-families of channels “CNS, PNS, Skeletal/Heart, Atypical” as well as the functional differences of channelisoforms.
10. Black, J and Waxman, S. 2013. “Non-canonical Roles of Voltage-Gated Sodium Channels.” Neuron. 80:280-291.
Voltage-gated sodium channels are highly involved in the firing of action potentials. Thus, understandably so, the majority of sodium channel research focuses on the behavior and functioning of he channels in cells like neurons and cardiac muscles. However, this article is very interesting because it shows that sodium channels are expressed and play important roles in a diverse number of cells that are NOT electrically excitable.
