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Identification and characterization of alternative splice variants of the mouse Trek2/Kcnk10 gene. 

Mirkovic K, Wickman K.  

Neuroscience. 2011 Jul 31.

PMID: 21821104

A very thorough paper characterizing the expression and function of two novel splice variants of the Trek2 gene (Trek2b & Trek2-1p).  The Trek2 gene codes for two-pore domain potassium channels that function as leak channels and contribute to the resting membrane potential.  Detailed immunoblotting was performed elucidating a wide array of central/peripheral tissues that expressed each splice variant studied.  Electrophysiology was employed to determine the whole-cell currents and selectivity of the channels.  Trek2b was found to display larger whole-cell currents because of a greater proportion of these channels in the membrane (via surface biotinylation).  The modification of the N-terminus, through alternative splicing, influences both current amplitude and surface expression of Trek2b.

Subunit-Dependent Axonal Trafficking of Distinct {alpha} Heteromeric Potassium Channel Complexes.
Jenkins PM, McIntyre JC, Zhang L, Anantharam A, Vesely ED, Arendt KL, Carruthers CJ, Kerppola TK, Iñiguez-Lluhí JA, Holz RW, Sutton MA, Martens JR.

J Neurosci. 2011 Sep 14;31(37):13224-35.

PMID:  21917805


This group from the University of Michigan looks at axonal trafficking and surface localization of a few voltage gated potassium channels (Kv1.1, 1.2, 1.4, 2.1 & 2.2).  Cells were transfected and channels were either expressed alone or in combination with another channel type/subunit to produce heteromers.  The tagged proteins were then visualized with some marvelous microscopy.  Kv1.2 subunits control axonal trafficking and synaptic clustering while Kv1.4 independently traffics to the axon and is expressed more uniformly alone its length.  This study provides evidence that heteromeric channel complexes behave differently then what would be expected based upon subunit composition alone.  Therefore, trafficking and localization to the membrane was dependent on subunit composition.  

Structural basis of PIP(2) activation of the classical inward rectifier K(+) channel Kir2.2.
Hansen SB, Tao X, Mackinnon R.

Nature. 2011 Aug 28. doi: 10.1038/nature10370.

PMID:  21874019


Here we have a detailed took at the structure of the inward rectifier Kir2.2 and how a specific phospholipid molecule, PIP2, modulates its activity.  PIP2 has been shown to act as an agonist for Kir2.2 and as a result contributes to the resting membrane potential.  X-ray crystallography was employed to view the structure of this channel and to potentially observe the mechanism underlying PIP2’s agonistic influence.  By utilizing a shortened version of PIP2, it was observed that PIP2 bound to a region between the channel’s transmembrane and cytoplasmic domains in the inner-leaflet of the bilayer.  Upon binding, this phospholipid shifts the cytoplasmic domain so that it associates directly with the transmembrane domain.  This binding causes a shift in channel conformation and therefore modulates its activity.  This paper is quite interesting due to the fact that the binding of a phospholipid can have a similar effect on channel conformation much like that of ligand binding.   

Structure of the human BK channel Ca2+-activation apparatus at 3.0 A resolution.
Yuan P, Leonetti MD, Pico AR, Hsiung Y, MacKinnon R.

Science. 2010 Jul 9;329(5988):182-6. Epub 2010 May 27.

PMID:  20508092

Another crystallography paper from Nobel Prize laureate Roderick Mackinnon’s lab, this time focusing on the structure of a Ca2+ activated potassium channel (BK).  This paper employs a better resolution of 3 angstroms for their imaging as opposed to 6 in the previous paper.  Two domains that occur at the C-terminus of the BK channel (RPK domains) have been identified and the second of the two (RPK2) displayed an aspartic-rich region.  This region is known to bind Ca2+ (Ca2+ bowl), which then causes changes in channel conformation upon binding.  Additionally, the Ca2+ bowls (4) compose the Ca2+ gating ring. Considering that some of these Ca2+ bowls face the S4 domain (voltage-sensor), it has been proposed that mutations in this location can modulate S4 thereby affecting voltage-sensing dynamics.

Protonation of key acidic residues is critical for the K(+)-selectivity of the Na/K pump.
Yu H, Ratheal IM, Artigas P, Roux B.

Nat Struct Mol Biol. 2011 Sep 11. doi: 10.1038/nsmb.2113.

PMID:  21909093

This paper looks at the Na/K ATPase pump and how the addition of a proton (H+) can modulate the pump’s selectivity for K+.  Based upon the crystal structure of the protein, the Na/K pump is known to cycle between conformations (outward-facing state, E2; inward-facing state, E1) depending on the electrochemical environment.  The E2 state binds K+ and the E1 state contains sites for Na+ (3 Na+ out, 2 K+ in).  However, the mechanisms underlying the conformational transition between states are unknown.  Here they focus on specifics residues in which protonation, addition of a proton, is crucial for proper binding of cations in the K+ loaded E2-Pi state.  Through the use of computer simulations, they conclude that the protonation of three key residues (Glu334, Glu786, & Asp815) influence the conformational dynamics of the Na/K pump.

Structural mechanism of C-type inactivation in K(+) channels.
Cuello LG, Jogini V, Cortes DM, Perozo E.

Nature. 2010 Jul 8;466(7303):203-8.

PMID:  20613835


This group from the University of Chicago hone in on the underlying mechanisms governing a longer form of K+ channel inactivation (C-type inactivation).  They used the crystal structure of the yeast K+ channel (KcsA) to observe its open but inactivated conformation (OI).  Considering that these channels do not pass current while in an “open” conformation, it was logical to take a closer look at the selectivity filter itself.  Despite the limitation of filter resolution, they conclude that the increase in pore diameter (from 17 ( 23 angstroms) is one explanation for changes observed in channel conformation.  During this change, the backbone of the filter is altered and two ion binding sites (S2 & S3) are lost.  It’s this change that potentially halts ion conduction and contributes to what is called C-type inactivation.  
KCNQ5 channels control resting properties and release probability of a synapse.
Huang H, Trussell LO.

Nat Neurosci. 2011 Jun 12;14(7):840-7. doi: 10.1038/nn.2830.

PMID:  21666672


This paper looks at the specific K+ channels that contribute to the presynaptic resting membrane potential while using a large presynaptic terminal from the rat as a model.  To elucidate which channels were contributing to the resting potential, voltage-clamp studies were conducted to screen for channels that activate at sub-threshold levels.  Through extensive pharmacology, a group of voltage-gated K+ channels (Kv7) were found to be critically involved.  These channels display a unique characteristic in which they activate below the resting potential.  Interestingly, drugs that activate these channels actually hyperpolarize the membrane.  Pathways known to modulate synaptic machinery have displayed an influence this channel’s activity and have the ability to modulate the presynaptic resting potential.  In conclusion, the specific ion channels that contribute to the resting potential also have the ability to directly influence synaptic dynamics.  

Fragile X mental retardation protein regulates protein expression and mRNA translation of the potassium channel Kv4.2.
Gross C, Yao X, Pong DL, Jeromin A, Bassell GJ.

J Neurosci. 2011 Apr 13;31(15):5693-8.

PMID:  21490210

Fragile X syndrome (FXS) is characterized by neuronal hyperexcitability and individuals with this disorder display an increased incidence of epileptic seizures.  This syndrome is caused by the loss of expression of a particular protein (FMRP) and is known to limit metabotropic glutamate receptor secondary signaling cascades.  This group proposes that FMRP has the ability to directly influence voltage-gated K+ channels.  While utilizing a FXS mouse model, a specific voltage-gated K+ channel (Kv4.2) that is known to regulate excitability in the hippocampus was studied.  In FXS animals, both total and surface protein levels of Kv4.2 were reduced.  Additionally, FMRP was found to associate with Kv4.2 and positively influence its translation.  Therefore, FMRP plays a critical role in the occurrence of epileptic episodes by modulating the expression levels of the voltage-gated potassium channel Kv4.2 in the mouse hippocampus.
Control of a final gating charge transition by a hydrophobic residue in the S2 segment of a K+ channel voltage sensor.
Lacroix JJ, Bezanilla F.

PNAS. 2011 Apr 19;108(16):6444-9. Epub 2011 Apr 4.

PMID:  21464282

The voltage sensing domain of voltage-gated K+ channels operate by transferring charged residues across an electric field.  These residues, usually arginines located in the S4 domain, interact with phenylalanine (F290).  F290, located in the S2 domain of the Shaker K+ channel, interacts with the transfer of all four of the gating arginines.  In order to study the effect of F290 on gating kinetics, mutants were produced from frog oocytes.  Mutants displayed differential charge transfers which indicated that the hydrophobic phenylaline residue at location 290 controls the transfer of the forth gating charge (R371).  This transfer of charge in Shaker K+ channels is a critical component that controls the final gating transition, eliciting channel opening.
Molecular Determinants of Interactions between the N-Terminal Domain and the Transmembrane Core That Modulate hERG K Channel Gating.
Fernández-Trillo J, Barros F, Machín A, Carretero L, Domínguez P, de la Peña P.

PLoS One. 2011;6(9):e24674. Epub 2011 Sep 15.

PMID:  21935437

This paper looks at the N-terminus of hERG K+ channels (voltage-gated) and how this cytoplasmic domain influences its normal function of slow deactivation gating.  When the hERG protein carries deletions (large deletions or point mutations) of its N-terminus, the gating dynamics are critically altered.  Cleverly, this group introduced gene fragments that encoded the eag domain (N-terminus domain) into HEK cells and found that they were able to restore the channel’s deactivation properties.  FRET analysis, or the transfer of energy between two fluoroophores, was utilized to observe if the introduced eag fragment was associating with the N-terminus of hERG channels.  Channels that maintained full-length sequence of their N-terminus displayed low FRET signals while proteins with point mutations (Y542C – mutation in S4-S5 linker region) or larger deletions displayed significant fluorescence.  This indicates that a full-length N-terminal region is essential for the proper functioning of the deactivation gate in hERG K+ channels.  
Handy URL’s:

A good starting point for everything K+ channels:

http://en.wikipedia.org/wiki/Potassium_channel
Basic information regarding K+ channel structure:

http://www.pdb.org/pdb/101/motm.do?momID=38
Animated videos explaining channel structure and dynamics:

http://www.youtube.com/watch?v=UqxzSrjzJ70
Article highlighting Mackinnon’s crystal structure of the K+ channel: 

http://www.hhmi.org/news/mackinnon.html
K+ channel overview from Rensselaer Polytechnic Institute (RPI):

http://rpi.edu/dept/bcbp/molbiochem/MBWeb/mb1/part2/channel.htm
Votage-gated K+ channels (nice graphics!):


http://www.ks.uiuc.edu/Research/kvchannel/
NCBI’s protein database:


http://www.ncbi.nlm.nih.gov.proxy.lib.fsu.edu/protein
Extensive source for entire K+ channel superfamily:


http://www.ipmc.cnrs.fr/~duprat/ipmc/nomenclature.htm
YouTube video of Dr. Fadool’s laser-etched K+ channel (backed by great instrumentals!)


http://www.youtube.com/watch?v=FRJfnhUImA0
Google image search for K+ channels, great for powerpoints (don’t forget to cite!)

http://www.google.com/search?q=potassium+channels&hl=en&client=firefox-a&rls=org.mozilla:en-US:official&biw=1366&bih=572&prmd=imvns&tbm=isch&tbo=u&source=univ&sa=X&ei=XPN7ToqQM4K3tweI7sgI&ved=0CEsQsAQ#hl=en&client=firefox-a&rls=org.mozilla:en-US%3Aofficial&tbm=isch&sa=1&q=potassium+channel&pbx=1&oq=potassium+channel&aq=f&aqi=&aql=&gs_sm=e&gs_upl=11893l11893l0l12097l1l1l0l0l0l0l0l0ll0l0&bav=on.2,or.r_gc.r_pw.&fp=503cbcb257a7a805&biw=1366&bih=572
