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Ligand Gated Ion Channels

Articles 

1.  John E. Baeziger, Pierre-Jean Corringer, 3D structure and allosteric modulation of the transmembrane domain of pentameric ligand-gated ion channels.  Neuropharmacology, 60 (2011) 116-125
Ligand gated ion channels (LGIC) are an extremely large class of membrane proteins, this review focuses on a subset, pentameric ligand gated ion channels (pLGIC).  The paper gives an overview of the 3D structure of pLGICs, obtained from X-ray crystallography, and gives a nice explanation of how the transmembrane domain actually forms the ion channel.  Additionally, this paper reviews the roles of allosteric modulation of pLGIC using two specific examples.  Allosteric modulation of nicotinic ACh receptors by lipids is discussed, including a proposed “uncoupled” conformational state.  GABAA and glycine receptor allosteric modulation by general anesthetics, ethanol and neurosteroids are also discussed.  Overall, this review provides a general introduction to pLGIC and also, though not intentionally, provides a nice example of how the membrane environment can influence the structure of integral membrane proteins.
2. Stephen F. Traynelis, Lonnie P. Wollmuth, Chris J. McBain, Frank S. Menniti,1 Katie M. Vance, Kevin K. Ogden, Kasper B. Hansen, Hongjie Yuan, Scott J. Myers, and Ray Dingledine, Glutamate Receptor Ion Channels: Structure, Regulation, and Function. Pharmacol Rev 62:405–496, 2010
This is a very detailed review of glutamate receptors.  The review begins by discussing the structural aspects of glutamate receptors, covering subunit stoichiometry, quaternary structure, the two (amino-terminal domain and ligand binding domain) extracellular domains, the transmembrane domain, and the intracellular domain.  Regulation of transcription and translation of, along with post-translational regulation and receptor and assembly, are addressed.  Agonist, antagonist, and binding of molecules involved with allosteric modulations are all discussed.  From the structural work reviewed, molecular mechanisms of channel opening, closing, and regulation are also overviewed.  Additionally, the physiological roles glutamate receptors play and the potential of glutamate receptors as drug targets are covered.  This is a long review that provides a great deal of information about many aspects of glutamate receptors.
3.  Erkan Karakas, Noriko Simorowski, and Hiro Furukawa, Subunit arrangement and phenylethanolamine binding in GluN1/GluN2B NMDA receptors.  Nature 475, 249–253 (14 July 2011)   
Previous work indirectly indicated that the phenylethanolamines ifenprodil and Ro 25-6981 bind to the GluN2B subunit of NMDA receptors.  This paper utilizes numerous biochemical/biophysical techniques to investigate the binding of phenylethanolamines to NMDA receptors, and to investigate the subunit composition of the NMDA receptors.  Isothermal titration calorimety was used to show probe the binding of GluN1b and GluN2B.  ITC data indicated that the phenylethanolamines were able to bind a mixture of GluN1b and GluN2B, but not to either sub-unit individually.  Ro 25-6981 was found to bind about 5 times tighter than ifenprodil.  Analytical ultracentrifugation experiments supported the ITC work.  AUC data showed that GluN1b and GluN2B form heterodimers, with a Kd in the range of 0.7-1.0 µM.  X-ray crystallography was used to generate 3D structures of the heterodimer, this work revealed the specific molecular interactions mediating the binding of the subunits and the interactions between the subunits and the phenylethanolamines.  The structural work elucidated the molecular reasons, the hydrophobic interactions of a single methyl group, for Ro 25-6981 having a binding than ifenprodil.    A combination of cysteine mutagenesis and macroscopic whole cell current recordings were used to further examine the effects of the NMDA binding of the phenylethanolamines.  The combined results from all of the experiments produced a model of phenylethanolamine binding and produced data that would serve as an excellent starting point for rational design of therapeutic agents.

4.   Michael M. Pierce, C. S. Raman, and Barry T. Nall, Isothermal Titration Calorimetry of Protein-Protein Interactions Methods 19, 213-221, (1999)
This work describes isothermal titration calorimetry experiments in a very straightforward, easy-to-read manner.  The types of information that can be obtained from ITC and general concepts of ITC are discussed first.  Following that more practical aspects of ITC are discussed, such as details to consider during sample preparation, experimental parameters, and data analysis.  After the general discussion and review of ITC the paper discusses a specific protein interaction, horse heart cytochrome C with monoclonal antibodies 2B5 and 5F8.  The ITC work revealed a great deal of the binding thermodynamics of the protein-protein interactions, as shown in Table 1.  The authors conclude by stating that ITC experimental data, when combined with structural data, can provide a strong understanding of protein-protein interactions.  

5.  Peter Schuck, Size-Distribution Analysis of Macromolecules by Sedimentation Velocity Ultracentrifugation and Lamm Equation Modeling, Biophysical Journal, Vol. 78, March 2000, 1606-1619
This work describes a new, as of March 2000, method of data analysis for sedimentation velocity AUC experiments.  The paper provides a Theory section.  The Theory section is a good starting place for anyone who wants to gain a better understanding of SV AUC experiments, including both the physical experiment and data analysis.   The author concludes that his novel data analysis method contains several benefits over older forms of data analysis.  Additionally he states that SV experiments may be able to determine the hydrodynamic shape of biological macromolecules.
6.  Jennifer Vistica, Julie Dam, Andrea Balbo, Emine Yikilmaz, Roy A. Mariuzza, Tracey A. Rouault, and Peter Schuck, Sedimentation equilibrium analysis of protein interactions with global implicit mass conservation constraints and systematic noise decomposition.  Analytical Biochemistry 326 (2004) 234-256
This publication presents a method to improve data analysis for Sedimentation Equilibrium AUC experiments.  However, the most useful aspect of this paper for a person not familiar with AUC is the Theory and modeling section.  The Theory and modeling give the reader a good starting point for understanding the physical properties of macromolecule movement under the experimental conditions and an introduction to SEDPHAT software.

7.  Stuart A. Lipton, Paradigm shift in neuroprotection by NMDA receptor blockade: Memantine and beyone. Nature Reviews Drug Discovery 5, 160-170 (February 2006)
Excitotoxic neuronal damage, a result of over-activation of NMDA sensitive glutamate receptors, is responsible for a great many neurodegenerative diseases.  Antagonists that inhibit NMDA channels could potentially function as effective therapeutic agents, however molecules that have made it to clinical trials typically fail due to sever side effects.   This review discusses the molecular basis by which the drug Memantine, which has been approved by both the US and EU regulatory agencies, acts as a neuroprotective agent.  The review does a nice job of describing a critical requirement of a NMDAR antagonist, that is treatment with the antagonist results in relatively normal physiological activity of NMDA receptors.  Memantine fulfills this requirement.  It is a low affinity blocker that acts on open channels.  So, Memantine knocks down the activity of overactive channels, but does not demolish the physiological state either.  This review provides details of exactly how Memantine accomplishes this “tuning down” of overactive NMDA receptors.  In addition the review provides details of the development, including details such as binding kinetics and results from some of the clinical trials.  One interesting finding was that Memantine was more effective at treating severe than mild symptoms, however this is perfectly logical from the proposed mechanism.  The review ends with potential directions for further drug development.  
8.  Ucheor B. Choi, Shifeng Xiao, Lonnie P. Wollmuth, and Mark E. Bowen, Effect of Src Phosphorylation on the Disordered C-Terminal Domain of the NMDA Receptor Subunit GluN2B. The Journal of Biological Chemistry, June 28, 2011, doi:10.1074/jbc.M111.258897, jbc.M111.258897.
The focus of this paper is the C-terminal domain (CTD) of the GluN2B subunit of NMDA receptors.  Though functional channels can be formed without the CTD, the CTD is believed to be critical for cellular regulation of NMDA receptors.  Previous work, along with PONDR and IUPRED predictions, indicate that the CTD of GluN2B is intrinsically disordered.  The CTD contains many phosphorylation sites, which Src is capable of phosphorylating.  Phosphorylation can potentially shift the equilibrium towards ordered secondary and tertiary structure or it can shift it further towards disorder for intrinsically disordered proteins.  Fluorescence resonance energy transfer (FRET), circular dichroism spectroscopy (CD), and single molecule FRET (smFRET) were used to evaluate the effect of phosphorylation on GluN2B order.  The CD spectra, of un-phosphorylated GluN2B, showed no minima at 208 nm and 222nm, indicating the lack of α-helical structure of the population of GluN2B.  A negative peak at 200 nm indicated disorder and the spectra at 210 nm indicated some β-sheet character.  Phosphorylation of GluN2B only minimally affected the CD spectra; evidence that phosphorylation did not induce structure.  FRET obtained from a population of GluN2B and smFRET both indicated an expansion of GluN2B upon phosphorylation, showing that phosphorylation actually shifts the equilibrium state towards the disordered state.  The analytical approach utilized, mainly smFRET, is interesting.  However, caution should likely be used when interpreting the results presented in this publication.  The authors state that further work must be done to accurately understand the system.
9.  Gabor Maksay, Allostery in pharmacology: Thermodynamics, evolution and design.  Progress in Biophysics and Molecular Biology, 106 (2011) 463-473
Ligand gated ion channels can be modulated allosterically on their C-terminal domains, transmembrane domains, ligand-binding domain, and at the amino-terminal domain.  This paper is a review that provides a broad overview of allosteric regulation, using many LGIC as examples.  Models of allosteric modulation are presented, including both population shift and induced fit models.  The author describes an allosteric binding event, as on that propagates a conformational change across a protein.  Examples from a diverse group of LGIC are presented.   Next the thermodynamic forces, such as stability gained from entropy gained from side chain dynamics, are examined.  As before, both population shift and induced fit models are proposed.  The possible evolutionary routes that lead to allosteric modulation are discussed, and then the design, through the use of published structural data, of allosteric agents is lastly discussed.  This review does not go into great detail on any one topic, but it does pull together a diverse set of ideas. 
10. Hugues Nury, Catherine Van Renterghem, Yun Weng, Alphonso Tran, Marc Baaden, Virginie Dufresne, Jean-Pierre Changeux, James M. Sonner, Marc Delarue, and Pierre-Jean Corringer, X-ray structures of general anaesthetics bound to a pentameric ligand-gated ion channel. Nature 469, 428–431 (20 January 2011)

Though widely used, the molecular mechanism of action for general anaesthetics is remains largely unknown.  The structure of the pentameric ligand-gated ion channel, GLIC, from Gloeobacter violaceus has been solved by X-ray crystallography and it is sensitive to general-anaesthetics at clinically relevant concentrations.  GLIC binding of the general-anaesthetics propofol and desflurane were examined.  X-ray crystallography was used to examine the interaction by generating crystal structures of propofol-GLIC and desflurane-GLIC complexes.  Propofol and desflurane were both shown to be allosteric inhibitors, acting primarily through van der Waals contacts.  Propofol was shown to bind in a cavity found near the top of the transmembrane domain.  Desflurane, a smaller and more flexible molecule, bound deeper within the same cavity.  The role of specific residues, Isoleucine 202, Valine 242, and Threonine 255, in anaesthetic binding was evaluated by using electrophysiological techniques and Molecular Dynamics simulations.  These data support that the binding of the general anaesthetics to GLIC were responsible for channel inhibition.  As in other works, partially ordered lipids, which co-purified with GLIC, were observed.  This finding does raise a concern.  Lipids are believed to play an important role in the structural conformation of GLIC, yet the structure was generated after removing almost all of the lipids for the X-ray crystallography.  However, this publication does provide a binding model of two general-anaesthetics to the pLGIC GLIC.  The results also serve as a possible place for the rational design of new allosteric modulators.  
Websites

1.
 http://www.pdb.org/pdb/home/home.do
This is the home page of the Protein Data Bank (PDB).  The 3D structures of proteins, nucleic acids, and other macromolecular assemblies can be found here.  The structures have been generated from primarily X-ray crystallography and NMR.  Publications presenting novel structures almost always are required to supply the PDB information necessary to find the structure easily.  

2.  http://highered.mcgrawhill.com/sites/0072495855/student_view0/chapter2/animation__receptors_linked_to_a_channel_protein.html
This link is to a brief video showing the opening of a ligand gated ion channel.  Specifically, the binding of acetylcholine is shown to open a Na+ channel.  

3.  
http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Web&PAGE_TYPE=BlastHome
This is a link to the BLAST homepage.  BLAST searches look for sequences, both genetic and amino acid, which show relatives degrees of homology.
4.

http://highered.mcgrawhill.com/sites/0072495855/student_view0/chapter14/animation__transmission_across_a_synapse.html
This is a video that shows the transmission across a synapse.  The video ends with a ligand gated ion channel opening in response to acetylcholine binding.
5.

http://themedicalbiochemistrypage.org/nerves.html
This is a website that provides wide range of information on neurotransmitters.  Information on the biochemical synthesis of the neurotransmitters, receptors they bind, where they are synthesized, and the effects of the channel they activate are all given.  Background information on different classes of transmitters is given as well.
6. 

http://www.tocris.com/pharmacologicalBrowser.php?ItemId=4919
This site provides a list of agonists and antagonists for NMDA receptors.  Many of the molecules binding to NMDA are described, such as selectivity, potency, and possible a listing of where binding occurs.  

7.

http://www.sophion.dk/about-sophion/technology/ion-channels.aspx
This link provides a brief description of ion channels.  It also includes a list of diseases that are caused by improperly functioning ion channels.  This page is part of the website of Sophion, a small biotechnology company that specializes in patch-clamp technology.

8. 
http://www.rxlist.com/chantix-drug.htm
A great deal of information related to Varenicline (Chantix), a smoking cessation drug, is provided.  The clinical pharmacology and pharmacokinetics are the sections most related to LGIC.  Varenicline is a high affinity and selective binder for α4β2 neruonal nicotinic acetylcholine receptors.  
9.

 http://www.genengnews.com/gen-articles/opening-the-gates-on-ion-channel-drugs/2159/
This online news article highlights the attention that ion channels, including ligand gated ion channels, are receiving as potential therapeutic agents.  The article lists the interests, with respect to ion channels, of some of the major pharmaceutical companies.

10.

http://www2.montana.edu/cftr/IonChannelPrimers/methods_to_study_ion_channels.htm
Descriptions of a wide array of methods that can be useful for studying membrane ion channels are available through this link.  The methods include electrophysiology methods, X-ray crystallography, NMR, numerous spectroscopic methods, and classical biochemical and molecular biology techniques.  

