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Dynamic Clamp
· Sharp AA, O'Neil MB, Abbott LF, Marder E. Dynamic clamp: computer-generated conductances in real neurons. J Neurophysiol. 1993 Mar;69(3):992-5.
This is the first article describing the dynamic clamp technique. For this study the authors use neurons from the stomatogastric ganglion. The authors introduced a specific conductance into a target neuron, studied the changes in neuronal activity when the activation curve and maximal conductance of an ion channel is modified and also create artificial chemical synapses. It explains how this technique will allow us to understand the role of specific ionic currents that influence neuronal activity.
· Sharp AA, O'Neil MB, Abbott LF, Marder E. The dynamic clamp: artificial conductances in biological neurons. Trends Neurosci. 1993 Oct;16(10):389-94.
The authors describe the dynamic clamp technique and how any conductance that can be modeled can be introduced into the neuron being studied. The different capabilities of this technique are explained. It covers how this technique can help us to understand single neuron behavior and circuit dynamics. A brief description about limitations of this technique is included in this article.
· Prinz AA, Abbott LF, Marder E. The dynamic clamp comes of age. Trends Neurosci. 2004 Apr;27(4):218-24.
In this review paper the dynamic clamp technique is explained. The authors explain the advantages and disadvantages using dynamic clamp with different operative systems. Different applications of dynamic clamp are explained with results of diverse studies. Some limitations of the technique are mentioned briefly.  
· Economo MN, Fernandez FR, White JA. Dynamic clamp: alteration of response properties and creation of virtual realities in neurophysiology. The Journal of Neuroscience 30 (7): 2407-2413; doi: 10.1523/JNEUROSCI.5954-09.2010 

This review has a brief description of how the conductances are simulated using dynamic clamp. Several studies using dynamic clamp are mentioned describing the different applications of this technique. Technical challenges, like accurate voltage measurement and model errors are some of the dynamic clamp pitfalls are explained by the authors. 
· Goaillard JM, Marder E. Dynamic clamp analyses of cardiac, endocrine, and neural function. Physiology (Bethesda). 2006 Jun;21:197-207.
A brief description of the dynamic clamp technique is mentioned in this review paper. Four different uses of dynamic clamp are described here. Different studies that implement each of the applications of dynamic clamp mention in this paper were used as examples to visualize the scope of this technique. There is no information about the difficulties and limitations of the dynamic clamp in this article.
· Butera RJ, McCarthy ML. Analysis of real-time numerical integration methods applied to dynamic clamp experiments. J Neural Eng. 2004 Dec;1(4):187-94. Epub 2004 Nov 17.
Dynamic clamp experiments require the real-time numerical integration of the ion channels gating variables. In this paper the authors compare two first-order numerical methods used in dynamic clamp, specifically Euler and exponential Euler method. A numerical error analysis and error bounds for both methods are presented in this study. 
· Bettencourt JC1, Lillis KP, Stupin LR, White JA. Effects of imperfect dynamic clamp: computational and experimental results. J Neurosci Methods. 2008 Apr 30;169(2):282-9. Epub 2007 Oct 24.
This article evaluate the performance requirements for artificial blockage of the [image: image2.png]Na*



 and [image: image4.png]


 currents using dynamic clamp. The authors examine the technique’s performance flaws related with the chosen differential equation solver for the model, time step duration and its variability, sampling frequency and latency. All these variables were tested in simulated and real dynamic clamp experiments. The authors’ results show how these errors can affect the dynamic clamp accuracy. Linux was the operative system for the dynamic clamp software used in this study.
· Pinto RD, Elson RC, Szücs A, Rabinovich MI, Selverston AI, Abarbanel HD. Extended dynamic clamp: controlling up to four neurons using a single desktop computer and interface. J Neurosci Methods. 2001 Jul 15;108(1):39-48.
Using dynamic clamp we are able to build up artificial synaptic circuits with neurons. This study describes the implementation of the dynamic clamp technique to control up to four neurons and their associated synaptic interactions. This protocol will allow exploration of more complex networks like ring of neurons as CPGs. The authors also discuss the restrictions with this procedure. 
· Tabak J, Tomaiuolo M, Gonzalez-Iglesias A, Milescu L, Bertram R. Fast activating voltage- and calcium-dependent potassium (BK) conductance promotes bursting in pituitary cells: a dynamic clamp study.  J Neurosci. Nov 16, 2011; 31(46): 16855–16863.

In this study, using a dynamic clamp and blockers, the authors verified that the BK channels are responsible for the bursting behavior in lacto-somatotroph cells. The technique allowed them to reduce/block the BK conductance of lacto-somatotroph cells, as effect the normal activity of these cells were change from bursting to spiking. The cells recover their normal behavior when the BK conductance was added back using dynamic clamp. The authors also modify the BK conductance in gonadotroph cells. These cells generally exhibit spiking pattern instead of bursting. When the BK conductance was increase their activity pattern change, from spiking to bursting. The authors also explore the neuronal pattern changes in lacto-somatotroph cells due alterations in the time constant of the BK channel. The results show the importance of the BK channel kinetics in order to sustain the bursting pattern. 
· Ma M, Koester J. The Role of K+ Currents in Frequency-Dependent Spike Broadening in Aplysia R20 Neurons: A Dynamic-Clamp Analysis. The Journal of Neuroscience, 1 July 1996, 16(13): 4089-4101. 
Form a previous study the authors identified three [image: image6.png]


 currents that mediate action-potential repolarization in Aplysia R20 Neurons. But due the lack of completely selective blockers they were not able to assess directly the effects of activation and inactivation of the transient A-type current, the delayed rectifier potassium current and calcium sensitive potassium current. In this study the authors used the dynamic clamp technique to block activation or inactivation in theses currents and verify how these currents modulate the spike broadening. The results show that currents contribute in different weight to spike broadening.
Websites 
1. http://www.scholarpedia.org/article/Dynamic_clamp
Here you can find a brief history and description of the dynamic clamp technique. It includes its types of applications, strengths and limitations.
2. http://www.qub.buffalo.edu/wiki/index.php/Dynamic_Clamp
This is a tutorial for QuB software that is used to implement the Dynamic clamp technique. It describes the hardware and software requirement to install the QuB software. 

3. http://www.qub.buffalo.edu/wiki/index.php/Research_using_QuB
Here we can find several publications using QuB software for dynamic clamp. 

4. http://www.rtxi.org/about-rtxi/
In this website is available a free and open source software for dynamic clamp. All the requirements and instruction for installment are specifying here. 
5. http://sourceforge.net/projects/stdpc/
In this website you can download the StdpC dynamic clamp software.

6. http://software.incf.org/software/stdpc
This is another source where you can download the StdpC dynamic clamp software 

7. https://www.youtube.com/watch?v=P-9JmP-QnEA&index=1&list=PLFDD65174E1500465
A modern dynamic clamp software is the StdpC. Here we can find a video that introduces the main hardware components required in a dynamic clamp experiment with StdpC. 

8. https://www.youtube.com/watch?v=jiImI4gSUuE&index=2&list=PLFDD65174E1500465
Here we can found a brief introduction about how to use and configure the StdpC software for dynamic clamp.
9. http://www.jove.com/video/2275/application-nmda-receptor-conductance-rat-midbrain-dopaminergic
This video explains step by step how the dynamic clamp was used to apply an artificial NMDA conductance in Rat Midbrain Dopaminergic Neurons. 
10.  http://www.jove.com/video/50400/implementing-dynamic-clamp-with-synaptic-artificial-conductances
In this video we can find the implementation of dynamic clamp in mouse retinal ganglion cells. The authors examined the impact of excitatory and inhibitory synaptic inputs on neuronal excitability in these cells. The video covers from the set-up, patching cell bodies until how the dynamic clamp was used in this study.
