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Janssens, A. and T. Voets (2011). "Ligand stoichiometry of the cold- and menthol-activated channel TRPM8." J Physiol.


TRP channels are also found in sensory cells that respond to somatosensory and thermal stimuli, for example, the TRPM8 channel.  This paper shows the incredible variation in the superfamily of TRP channels.  The methods in this paper include electrophysiology and stoichiometry.  The chemistry methods were a bit beyond my understanding, but it was interesting to see the different methods that can be used along with electrophysiology.  The authors substituted tetramers with low binding affinity to menthol for wild-type tetramers in varying numbers in HEK cells and studied the menthol evoked current.  For example, some HEK cells expressed TRPM8 channels with four wild type tetramers, while others expressed channels with 2 wild type tetramers and two mutated tetramers (low menthol affinity).  The results suggested that TRPM8 channels can bind up to four methol molecules simultaneous, which stabilizes the open state of the channel.

Kim, S., L. Ma, et al. (2011). "Requirement of calcium-activated chloride channels in the activation of mouse vomeronasal neurons." Nat Commun 2: 365.


The article presented in class used many different electrophysiology methods which really increased my understanding of how electrophysiology can be used to answer such complex questions.  It has been suggested that the TRPC2 channel is necessary for pheromone transduction, and that ablation of TRPC2 channels results in the loss of vomeronasal organ function.  However, data has shown that vomeronasal sensory neurons in TRPC2 -/- mice still express a pheromone-mediated current response.  Kim et al. methodically shows that this response is due to calcium activated chloride channels that are independent of TRPC2 channels.   These chloride channels can also produce action potentials in the absence of TRPC2 channels. 

Leypold, B. G., C. R. Yu, et al. (2002). "Altered sexual and social behaviors in trp2 mutant mice." Proceedings of National Academy of Sciences 99(9): 6376-6381.

Leypold et al. has used TRPC2-/- mice to determine the role of the VNO in stereotyped social and sexual behaviors.  This paper uses many behavioral assays to test social behavior in the TRPC2 -/- mice compared to wild-type.  The results indicate behavioral abnormalities in the male TRPC2 -/- mice, including a decrease in male-male aggression, normal male-female mating but an increase in male-male mating.  Also, in nursing female mice, which usually display aggressive behaviors, the TRPC2 -/- mice show less aggression toward males.  The results in male mice suggest that the TRPC2 channel in the vomeronasal sensory neurons is necessary for transduction of male pheromones, which evoke aggressive behavior while suppressing mating behavior in wild type mice.
Lucas, P., K. Ukhanov, et al. (2003). "A diacylglycerol-gated cation channel in vomeronasal neuron dendrites is impaired in TRPC2 mutant mice: mechanism of pheromone transduction." Neuron 40(3): 551-561.

In this article the authors have determined that TRPC2 channels are gated by DAG.  Up to this point the gating mechanism for TRPC2 has not been determined (and as mentioned in class, other labs have been unable to replicate these results).  The authors test four mechanisms that have been hypothesized to be working as the TRPC2 channel gate.  These include: depletion of intracellular calcium stores, IP3 activation,DAG activation via arachidonic acid, and a calcium activated cation channel.  The experiments included inside-out patch clamping from cells in the microvilli of vomeronasal sensory neurons, and whole cell recordings in wild type and TRPC2 knockout mice to determine the gating mechanism.  Conclusions from their results are that the TPRC2 channel is gated by DAG, and that pheromone evoked current through this DAG-mediated channel is significantly reduced in TRPC2 -/- mice.  

Miller, M., J. Shi, et al. (2011). "Identification of ML204, a Novel Potent Antagonist That Selectively Modulates Native TRPC4/C5 Ion Channels." J Biol Chem 286(38): 33436-33446.

I chose this paper for several reasons: first, since I discussed role of the TRPC5 channel in fear-like behavior in knockout mice, a TRPC5 antagonist would offer many new opportunities to study the circuitry and mechanisms of the TRPC5 channel.  Second, the methods in this paper were very interesting.  The methods included the use of high throughput flourescent screens to test over 300,000 potential antagonists, and whole cell patch clamp experiments to test the effect of ML204 after it had been identified by the flourescent screen.  The authors conclude that ML204 modulates TRPC4 and C5 channel, which are similar, but does not have an effect on other TRP channels, e.g. TRPC6, or other ligand or voltage gated channels.  
Montell, C. (2001). "Physiology, phylogeny, and functions of the TRP superfamily of cation channels." Sci STKE 2001(90): re1.


This review from 2001 includes so much information on this huge family of ion channels.  Although there has been much research in the field since 2001, much of the information included in this review remains true today.  Montell has also published several  more recent reviews, but this review is very thorough and focuses on the structure and function of the TRP channels, while many of the more recently published reviews focus on TRP channelopathies.

Nilius, B. and G. Owsianik (2010). "Transient receptor potential channelopathies." Pflugers Arch 460(2): 437-450.

This review on TRP channels includes channelopathies.  The review includes information on the different classes of TRP channels, and information on conditions that occurs when the channel does not function correctly.  Using data from many different publications, the mechanisms that may be implicated in these disorders are also included in the review.  This review is a great resource for anyone studying TRP channels in human conditions. 

Riccio, A., Y. Li, et al. (2009). "Essential role for TRPC5 in amygdala function and fear-related behavior." Cell 137(4): 761-772.

I chose this paper for presentation to the class because it shows that TRP channels are not only found in sensory receptors but are also found in the brain.  As seen in this paper, the TRPc5 channel, found in the amygdala, is important for normal fear-related behavior.  I liked that the authors started with behavioral assays to test the animals response to fear, showing that  the abnormal behavior is linked to the ablation of TRPC5 channels and worked through the circuitry, methodically testing steps in the pathway that could be affected by the loss of TRPC5 channels.  The final conclusions suggested that the reduction in fear-like behavior seen in TRPC5-/- mice may be due to a lack of TRPC5 activation by mGluR1 and/or CCK receptors.

Richter, D., B. Katz et al. (2011). “Translocation of the Drosophila Transient Receptor Potential-like (TRPL) Channel Requires Both the N- and C-terminal Regions Together with Sustained Ca2+ Entry." J Biol Chem 286(39): 34234-34243.


This paper is looking at TRP channels in photoreceptors of drosophilia.  TRPL (TRP like) channels are translocated to from the rhabdomere and cell body of the photoreceptor after light exposure.  The authors were interested in why the TRP chanenls were necessary for the translocation.  Using genetic chimeras which expressed TRP or TRPL channels, the authors concluded that the N and C- terminals of the TRPL channel were necessary for translocation.  Also, in mice without TRP channels, the authors were able to conclude that TRP channels increase calcium influx which is involved in the translocation of TRPL channels.  
Zufall, F. (2005). "The TRPC2 ion channel and pheromone sensing in the accessory olfactory system." Naunyn Schmiedebergs Arch Pharmacol 371(4): 245-250.

This is a great review for TRPC2 in the accessory olfactory system.  Information included in this review:


Basic structure of the TRPC2 channel


Variation between species (pseudogene in humans, and some primates)


Localization to the VNO


Pheromone responses via TRPC2 in vomeronasal sensory neurons and deficits seen in TRPC2 -/- mice


Behavior abnormalities seen in TRPC2 -/- mice


DAG as the gating mechanism .

This review was very helpful in gathering data for my paper presentation.

http://www.youtube.com/watch?v=OqtHvTDjznA
This is a YouTube video on the life and death of TRPV1 channel.  The creators produced a dance routine that takes you from the closed to the open state in the presence of heat (or increased music tempo) and finally the death of the channel.  It is a very entertaining idea and allows for a lot of creativity withtopics in science.  

http://btc.bol.ucla.edu/plus.htm 

This website offers a brief introduction to many of the behavioral assays used in my presentation.  It also includes many other assays that were not mentioned in class.

http://www.labtube.tv/channel.aspx?u=The%20Editor&v=119976
This is a recording of a keynote presentation by Peter McNaughton at Screening Europe 2010 on TRP channels as drug targets.

http://www.phgfoundation.org/news/9953/
HCN2 as a novel target for pain pathways.  This is a news article focusing on HCN2, a cyclic nucleotide gated channel.  The channel has recently been implicated in the pain pathway.  
http://www.trpchannel.org/
Everything you could ever want to know about TRP channels!  This is a large database with information on all types of TRP channels and the protein-protein interactions for each channel.  It includes links to the paper abstracts for each piece of information.

http://www.sdbonline.org/fly/sturtevant/trpchannel1.htm
This website contains a review of TRP channels, focusing on drosophila.  There are links to an overview, evolutionary homologs, effect of mutations.  The site has a lot of information to go through, but would be good for a thorough review.

http://en.wikipedia.org/wiki/Transient_receptor_potential_channel
The Wikipedia article on TRP channels is pretty small considering all the research that has been done on these channels.  The article includes a bit of information on TRP channels in drosophila, and insect vision with links to pages for a few other classes of TRP channels.

http://sciencestage.com/v/17106/g-protein-signaling.html
This is a basic cartoon movie on g-protein coupled receptors.  It goes through binding of GPCRs to the kinase activity that shuts off the signal.  GPCRs are the first step to many second messenger gated ion channels.

http://www.caymanchem.com/app/template/Article.vm/article/2116
This is a short review of the TRPV1 receptor.  It includes information on the structure of the receptors, how phosphorylation regulates the channel (with cartoon diagrams) and the mechanisms for silencing the pain evoked by these channels.  Also, there are links to about 60 papers on TRPV1.
http://www.youtube.com/watch?v=J_zbd4pbhMs
This video reviews a study on the role of TRPA1 channels in pain modulation.  Findings from the study reviewed here link a mutation in TRPA1 channels to FEPS (familial episodic pain syndrome).  The study uses TRPA1 knockout mice and electrophysiology to determine the potential role of TRPA1.

http://esciencenews.com/articles/2010/06/09/mutation.causes.intense.pain
An article in eScience news also discusses the study on TRPA1 channels and FEPS.

http://www.jove.com/details.php?id=3149
I really wanted to include this as one of my ten internet sources because it shows how high throughput calcium assays are used to study TRP channels, but FSU doesn’t have a subscription, so I was unable to access more than just the first few seconds.  
