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Voltage-gated Na+ channels are responsible for action potential initiation and 
conduction in excitable cells. In myelinated neurons, Na+ channels are clustered at 
high density in specialized, subcellular domains such as nodes of Ranvier and axon 
initial segments. What is the mechanism responsible for Na+ channel localization and 
clustering? What proteins make up the Na+ channel signaling complex? We have 
shown that Na+ channels are unique among voltage- and ligand-gated ion channels 
in that they contain auxiliary subunits that not only modulate channel kinetics, but 
also function as cell adhesion molecules (CAMs) that direct channel insertion into the 
plasma membrane and channel interaction with other signaling proteins. We propose 
that, as CAMs, Na+ channel beta subunits act as critical communication links 
between extra- and intracellular signaling molecules in excitable cells. 

Voltage-gated Na+ channels isolated from mammalian neurons are heterotrimeric 
protein complexes composed of alpha and beta subunits. The mammalian pore-
forming alpha subunits encode a gene family of at least ten members. The beta 
subunit gene family consists of four members: beta 1, beta 2, beta 3, and beta 4. 
Beta1A, a splice variant of beta 1 expressed in embryonic brain, has also been 
described. Alpha subunit cDNAs express functional Na+ channels in heterologous 
expression systems such as Xenopus oocytes or mammalian fibroblasts. However, 
for "brain" (TTX-sensitive) alpha subunits, the currents characteristic of these 
channels expressed in isolation are quite different from native currents. Co-
expression of the beta subunits with these channels results in hyperpolarizing shifts in 
the voltage-dependence of activation and inactivation, changes in channel modal 
gating behavior resulting in increases in the rates of inactivation and recovery from 
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inactivation, and increases in channel density at the plasma membrane as assessed by 
3H-saxitoxin (STX) binding. Na+ channel beta subunits and the beta subunits of 
voltage-gated Ca2+ and K+ channels are functionally homologous in terms of 
channel modulation. However, Ca2+and K+ channel beta subunits are not 
structurally homologous to Na+ channel beta subunits and only the Na+ channel beta 
subunits have been shown to function as CAMs in addition to their roles in channel 
modulation. Thus, the Na+ channel beta subunits present a unique opportunity to 
study cell adhesion in terms of electrical signal transduction. 

Luis Lopez-Santiago*, Laurence S. Meadows*, Sara J. Ernst, Chunling Chen, Jyoti 
Dhar Malhotra, Dyke P. McEwen, Audrey Speelman, Jeffrey L. Noebels, Sebastian 
K.G. Maier, Anatoli N. Lopatin, and Lori L. Isom (* equal contributions), Sodium 
channel Œ1-/- mice exhibit prolonged QT and RR intervals, J Mol Cell Cardiol. 
2007 Aug 10; [Epub ahead of print] 

Chunling Chen, Travis L. Dickendesher, Fumitaka Oyama, Haruko Miyazaki, 
Nobuyuki Nukina, and Lori L. Isom, Floxed Allele for Conditional Inactivation of 
the Voltage-gated Sodium Channel Œ1 Subunit Scn1b, Genesis 2007 
Sep;45(9):547-53. 

Fein, Amanda J., Meadows, Laurence S., Chen, Chunling, and Isom, Lori L., 
Cloning and expression of the zebrafish SCN1B ortholog and identification of a 
species-specific splice variant, BioMed Central Genomics 2007 Jul 10;8:226. 

Luis F. Lopez-Santiago, Marie Pertin, Xavier Morisod, Chunling Chen, Shuangsong 
Hong, John Wiley, Isabelle Decosterd and Lori L. Isom, Sodium channel Œ2 
subunits regulate tetrodotoxin-sensitive sodium channels in small dorsal root 
ganglion neurons and modulate the response to pain, J. Neurosci., 26:7984-94, 2006. 

Davis, T., Chen, C., and Isom, L.L., Sodium Channel beta 1 Subunits Promote 
Neurite Outgrowth In Cerebellar Granule Neurons, J. Biol. Chem. 279: 51424-
51432, 2004. See commentary on Science web site: http://stke.sciencemag.org/cgi/
content/abstract/sigtrans;2004/262/tw440 

Malhotra, J.D., Thyagarajan, V., Chen, C. and Isom, L.L., Sodium channel tyrosine-
phosphorylated- and nonphosphorylated-beta 1 subunits are differentially localized in 
cardiac myocytes. J. Biol. Chem. 279(39): 40748-40754, 2004. 

Chunling Chen, Ruth E. Westenbroek, Xiaorong Xu, Chris A. Edwards, Yuan 
Chen, Dyke P. McEwen, Heather A. O'Malley, Vandana Bharucha, Laurence S. 
Meadows, Gabriel A. Knudsen, Thomas L. Saunders, Todd Scheuer, Peter Shrager, 
William A. Catterall, and Lori L. Isom, Mice lacking sodium channel beta 1 subunits 
display defects in neuronal excitability, sodium channel expression, and nodal 
architecture, J. Neurosci. 24: 4030-4042, 2004. 

McEwen, D.P., Meadows, L.S., Chen, C., Thyagarajan, V., and Isom, L.L., Sodium 
channel beta 1 subunit-mediated modulation of Nav1.2 currents and cell surface 
density is dependent on interactions with contactin and ankyrin, J. Biol. Chem. 279: 
16044-16049, 2004. 



Meadows, L.S., Malhotra, J., Loukas, A., Thyagarajan, V., Kazen-Gillespie, K.A., 
Koopmann, M.C., Kriegler, S., Isom, L.L., and Ragsdale, D.S. , Functional and 
Biochemical Analysis of a Sodium Channel beta 1 Subunit Mutation Responsible for 
Generalized Epilepsy with Febrile Seizures Plus Type 1, J. Neurosci. 22: 10699-
10709, 2002. L. Meadows and J. Malhotra contributed equally to this work. 

Chen, C.*, Bharucha, B.*, Chen, Y.*, Westenbroek, R.E., Brown, A., Malhotra, 
J.D., Jones, D., Avery, C., Gillespie, P.J., III, Kazen-Gillespie, K.A., Saunders, T.L. 
, Macdonald, R.L., Ransom, B., Scheuer, T., Catterall, W.A., and Isom, L.L., 
Reduced Sodium Channel Density, Altered Voltage Dependence of Inactivation, 
and Increased Susceptibility to Seizures in Mice Lacking Sodium Channel beta 2 
Subunits, *Equal contribution of authors, Proc. Natl. Acad. Sci. U.S.A., 99: 17072-
17077, 2002. 

Find more publications by Dr.Lori Isom

Last updated 10/25/2007 Click here to update


