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Sodium Channels

1. Alan L. Goldin (2001), RESURGENCE OF SODIUM CHANNEL RESEARCH. Annu. Rev. Physiol. 63:871–94
Different from the review (Catterall, 2000) we talked about in class that focused more on structure and function of voltage-gated sodium channels; this review focuses on the distinguishing characteristics of different sodium channel isoforms. It was thought that all voltage-gated sodium channels were relatively similar. In recent years, the rapidly expanding research on the diversity of potassium and calcium channels has overshadowed the field of sodium channel research. But as this review points out, this situation is beginning to change with a resurgence of interest in the biology of sodium channels. First, a variety of different sodium channel isoforms have been found. Second, these isoforms show different electrophysiological characteristics as well as developmental and regional expression. Last but not least, minor change in the properties of specific isoforms results in human diseases of muscle, heart, and the nervous system.
2. Joel A. Black and Stephen G. Waxman (2013), Noncanonical Roles of Voltage-Gated Sodium Channel. Neuron 80:280-291
Consistent with the above review, there is still much to be studied concerning sodium channels. This review focused on the noncanonical roles of sodium channels. The canonical roles of sodium channels are believed to be their expression in excitable cells and support of electrogenesis. For example, sodium channels Nav1.1–Nav1.3 and Nav1.6–Nav1.9  are expressed in neurons and are often considered ‘‘neuronal,’’ whereas Nav1.4 and Nav1.5 drive electrogenesis in skeletal and cardiac muscle. However, these channels can be expressed in cell types that are not considered electrically excitable, such as astrocytes, NG2 cells, microglia, macrophages, and cancer cells. This review discussed the evidence of sodium channels’ noncanonical roles, including regulation of effector functions such as phagocytosis, motility, Na+/K+-ATPase activity, and metastatic activity.
3. Angela R. Cantrell and William A. Catterall (2001), Neuromodulation of Na+ channels: An unexpected form of cellular platicity. Nature Rev. Neurosci. 2:397-407.
People used to think that Na+ currents were not modulated by cellular regulatory signals. This was because early voltage-clamp studies of Na+ channels in axons and in skeletal muscle fibers did not reveal regulation of the Na+ current by cellular second-messenger pathways. Dialysis of the cytoplasm in these experimental preparations may have attributed to the interpretation that Na+ channels were not modulated. Now we know that is not the case. In fact Na+ channels are modulated by many cellular regulatory signals and modulation seems to be involved in phenomena as varied as cocaine withdrawal, hyperalgesia and light adaptation. This paper reviewed the available evidence for the regulation of Na+ channels by phosphorylation, its molecular mechanism, and the possible ways in which phosphorylation affects neuronal function.

4. Celine Marionneau et al., (2012), The sodium channel accessory subunit Navβ1 regulates neuronal excitability through modulation of repolarizing voltage-gated K+ channels. The Journal of Neuroscience 32(17):5716 –5727
As discussed in the above review, ion channels can be modulated by different cellular signal pathways. They can also be regulated by accessory subunits. The voltage-gated Na+ channel accessory subunit Nav β1 has been shown to modulate voltage-gated Na+ (Nav) currents and Nav channel cell-surface expression and subcellular localization. What’s interesting in this paper is that the authors found Nav β1 expressed in a native Kv4.2 channel complex that could regulate neuronal excitability through modulation of repolarizing voltage-gated K⁺ channels.
5. Jerome J. Lacroix et al., (2013), Molecular Bases for the Asynchronous Activation of Sodium and Potassium Channels Required for Nerve Impulse Generation. Neuron 79, 651–657

It has long been recognized that voltage-gated Na+ and K+ channels have different activation kinetics. However, the molecular basis for the kinetic differences between voltage sensors of Na+ and K+ channels remained unclear. The authors of this paper found that a 2-fold acceleration of the Nav VS kinetics is provided by the coexpression of the β1subunit. Using mutagenesis and gating current measurements, the authors showed that a 3-fold acceleration of the VS kinetics in Nav versus Shaker Kv channels is produced by the hydrophilicity of two ‘‘speed-control’’ residues located in the S2 and S4 segments in Nav domains I–III. These findings provider detailed molecular mechanisms explaining the kinetic differences between voltage-gated Na+ and K+ channels.
6. Armen N. Akopian et al., (1999), The tetrodotoxin-resistant sodium channel SNS has a specialized function in pain pathways nature neuroscience 2(6): 541-548
Dysfunction of sodium channels has been involved in many human diseases. Here, by using gene deletion technology the authors showed that sensory-neuron-specific (SNS) TTX-resistant sodium channels are implicated in pain pathways. The sns-null mutant mice had lowered thresholds of electrical activation of C-fibers. Behavioral tests showed a pronounced analgesia to noxious mechanical stimuli, small deficits in noxious thermoreception, and delayed development of inflammatory hyperalgesia.
7. Lin Xie et al., (2013), NLF-1 Delivers a Sodium Leak Channel to Regulate Neuronal Excitability and Modulate Rhythmic Locomotion Neuron 77, 1069–1082
This paper nicely showed how a protein affects the behavior through modulating a sodium leak channel. More specifically, the authors demonstrate that the endoplasmic reticulum protein NLF-1 (NCA localization factor-1) that regulates neuronal excitability and locomotion through the NCA channel. NLF-1 promotes axonal localization of NCA channels. When the activity of NLF-1was inhibited, the sodium leak current decreased and resulted in a hyperpolarized resting membrane potential in premotor interneurons. This led to a decreased premotor interneuron activity, which reduced the initiation and sustainability of rhythmic locomotion.
8. Lingna Xu et al., (2014), Functional characterization of two novel scorpion sodium channel toxins from Lychas mucronatus. Toxicon 90:318-325

In this paper the authors identified two novel scorpion sodium channel toxins from Lychas mucronatus, LmaTX3 and LmaTX5. When tested in sodium channels transfected culture cells, they showed that recombinant LmaTX3 and LmaTX5 greatly inhibited the fast inactivation of mNav1.4 and hNav1.5 channels, moderately affected hNav1.7 channels, and had little effect on rNav1.2 channels. They further identified the EC50 values of two toxins for different sodium channels. One interesting point the authors pointed out is that the expression vectors of recombinant toxins play a critical role in toxin function. That indicates that different expression vectors may slightly change the structures of the expressed toxins.
9. Itzhak Mano and Monica Driscoll (1999), DEG/ENaC channels: a touchy superfamily that watches its salt.  BioEssays 21:568–578

This review discussed a special group of sodium channels- the DEG/ENaC superfamily. The knowledge of this group sodium channels starts with the study of epithelial Na+ transport. Afterwards it has been found they are implicated in a broad spectrum of cellular functions, including mechanosensation, proprioception, pain sensation, gametogenesis, and epithelial Na+ transport. This review discussed the working understanding of DEG/ENaC functions, channel properties, structure/activity correlations and possible evolutionary relationship to other channel classes.

10. Jianguo Tan et al., (2002), Alternative Splicing of an Insect Sodium Channel Gene Generates Pharmacologically Distinct Sodium Channels. The Journal of Neuroscience 22(13):5300–5309

Alternative splicing has been shown as one way of creating the diversity of ion channels. However, there are few studies addressing the functional significance of the alternative splicing of sodium channels. In this study, the authors identified three alternative splicing variants of sodium channel gene para CSMA in the German cockroach. Then the authors studied their electrophysiological properties in the Xenopus oocyte system. Two splicing variants produced robust sodium currents, but with different gating properties, whereas the third one did not produce any detectable sodium current. In addition, the pharmacological characteristics of the variants were characterized. The authors conclude their results provide the first evidence that alternative splicing of a sodium channel gene produces pharmacologically distinct channels.

Websites:

1. http://www.scholarpedia.org/article/Gating_current
A very good explanation the concept of gating currents.

2. http://www.brain-map.org/
Allen Brain Atlas: a very comprehensive brain-based database that includes mouse, non-human primate, and human brain information.
3. http://atlas.brainmap.org/atlas#atlas=1&structure=343&plate=100960228&x=5244.138671875&y=3773.007080078125&zoom=-4&z=6&resolution=33.45

A very useful tool from Allen Brian Atlas. It consists of mouse brain sections pictures. An excellent feature of these pictures is that the picture has half of it as nissl staining, the other symmetric half as detailed structure diagram. This one can pin point a specific structure in the brain sections.
4. http://www.brainmuseum.org/sitemap.html
Another brain-related website. The feature of this one is that it contains a lot of species.
5. http://www.brainslicemethods.com/#!Home|mainPage
This site has very useful information about improvements in techniques for preparing live brain slices from adult and aging rodents for neuroscience research applications. 

6. http://www.jove.com/science-education/5202/patch-clamp-electrophysiology
A good JOVE video introduction of path-clamp electrophysiology.
7. http://www.uniprot.org/
 A comprehensive, high-quality and freely accessible database of protein sequence and functional information. You can use the search function to find the protein you are interested in. 
8. http://www.learner.org/courses/neuroscience/videos/videos.html?dis=U&num=00
The theme of this website is Neuroscience & the Classrooms. It has a lot of videos about neuroscience and how to apply neuroscience in the classrooms.

9. http://neurosciencenews.com/
As the website address indicates, this is a good online source for different kinds of neuroscience news.

10. http://videocast.nih.gov/pastEvents.asp?c=16
This site contains the neuroscience lectures presented in National Institutes of Health (NIH).
