PAPERS:

ANDREW A. SHARP, MICHAEL B. O’NEIL, L. F. ABBOTT, AND EVE MARDER

Dynamic Clamp: Computer-Generated Conductances in Real Neurons. 
Journal Of Neurophysiology, Vol. 69, No. 3, March 1903.

This is one of the first papers that introduce Dynamic Clamp. The method is described here for the first time. They are using neurons from stomatogastric ganglion and simulating a GABA response with dynamic clamp. They are showing that a voltage sensitive current can be injected to cell by dynamic clamp. They are also using dynamic clamp to produce artificial networks which do not exist naturally. The injected voltage sensitive current is calculated with a classic Hodgkin-Huxley type model. 
David Samu, Vincenzo Marra, Ildiko Kemenes, Michael Crossley, György Kemenes, Kevin Staras, Thomas Nowotny

Single electrode dynamic clamp with StdpC. Journal of Neuroscience Methods, 211 (2012) 11–21
Dynamic clamp is based on a fast feedback mechanism. In this mechanism membrane potential of a neuron is measured, current that would flow through a specific channel at measured voltage calculated and then this current injected in to the cell of interest. The success of the method depends on how fast this feedback cycle is. One of the methods used for dynamic clamp is measuring voltage and injecting current with same electrode. For example the resistance and capacitance of the electrode will cause injection artifacts especially for rapidly changing injections. One way to overcome this is to use different electrodes for measurement and injection. However all neurons are not large enough to use two different electrodes. Besides in some cases using two electrodes may cause errors due to different channel distributions at the site of injection and measurement. One of the ways to overcome the artifacts in single electrode mode is using bridge balance circuits and capacitance compensation circuits of electrophysiology amplifiers or using a discontinuous current clamp mode (DCC) that is usually available with the microelectrode amplifier. But all these methods also have some limitations. An alternative method is called active electrode compensation (AEC) which uses a digital model of the electrode, implemented in a computer, with parameters obtained during a short calibration phase, and estimates the voltage artifact of the electrode based on this calibrated model entirely within the computer software. In this paper they are showing how to implement AEC into free dynamic clamp software StdpC. 
Alan D. Dorval Jr and John A. White 
Channel Noise is Essential for Perithreshold Oscillations in Entorhinal Stellate Neurons. The Journal of Neuroscience, October 26, 2005; 25(43):10025–10028
In this work the contribution of channel noise to subthreshold membrane oscillations are shown. The random flickering of voltage gated ion channels are known to be responsible for the membrane noise in neurons. In this work, first they pharmacologically block INaP, a voltage sensitive randomly activating persistent sodium current, and then virtually inject this current with two different dynamic clamp protocols. In the first protocol they calculate the injected current as a function  of membrane potential with a deterministic way and in the second one they use a stochastic method. They show that when the injected current stochastically calculated produced response is more in vivo like. They also show that stochastic knock-in provides better phase reliability. Which means stochasticity of  persistent sodium current does not only provide subthreshold oscillations, it is also important for phase reliability.
Amanda J. Preyer and Robert J. Butera, 
Causes of Transient Instabilities in the Dynamic Clamp. IEEE Trans Neural Syst Rehabil Eng. 2009 April ; 17(2): 190–198.
In this study the focus is on the limitations of the dynamic clamp, which cause transient instabilities under certain conditions. One of the limitations is caused by the use of a single electrode for both sampling the voltage from cell of interest and injecting current. The resistance and capacitance of the electrode cause measurement error and transient artifacts in the measured membrane voltage. Even though there are techniques to eliminate these artifacts by compensating electrode resistance and capacitance but they are not perfect. Which means some of the resistance and capacitance persists and cause errors in voltage measurement and time courses. Another limitation is the sampling rate. In dynamic clamp voltage is sampled periodically then this signal is converted to a digital value and fed into a computer software. Computer software than calculates the conductance equations and current to be injected. Overhead in the system limits the sampling rate and accuracy of the technique. Here they focus on the types of instabilities are caused by these limitations.
Ying Zhang, Ricardo Oliva, Günter Gisselmann, Hanns Hatt, John Guckenheimer, and Ronald M. Harris-Warrick, 
Overexpression of a Hyperpolarization-Activated Cation Current (Ih) Channel Gene Modifies the Firing Activity of Identified Motor Neurons in a Small Neural Network. The Journal of Neuroscience, October 8, 2003 • 23(27):9059 –9067 
In this paper the effects of the overexpression of the hyperpolarization activated cation current, Ih, in pyloric dilator (PD) neurons of the stomatogastric ganglion (STG) investigated. The channel is overexpressed by genetic manipulations by injecting cRNA of Ih encoding gene into theactive cells. The effects of overexpression on intrinsic properties of the neuron and its in pyloric network investigated. Their study shows that overexpression of an Ih, causes significant changes in the membrane potential and firing properties of the PD neurons within the pyloric network. They further verify their findings with dynamic clamp experiments. They are increasing Ih current by virtually injecting current with dynamic clamp. They also create a mathematical model of two-cell network to observe network behavior. The results of dynamic clamp experiments are qualitatively similar to their data, which depicts significant changes in the membrane potential and firing.
Roshni V. Madhvani, Yuanfang Xie, Antonios Pantazis, Alan Garfinkel, Zhilin Qu, James N. Weiss and Riccardo Olcese,
Shaping a new Ca2+ conductance to suppress early afterdepolarizations in cardiac myocytes. J Physiol 589.24 (2011) pp 6081–6092
This is a very good work showing how dynamic clamp can be used to develop medical treatments. In this study, dependence of early afterdepolarizations (EADs) - which cause cardiac death due to ventricular fibrillation - on on L-type Ca2+ current is investigated. In order to do that, they virtually inject an L-type calcium current to the cell with dynamic clamp protocol. The native L-type Ca2+ current is blocked with nifedipine and replaced with virtually injected current calculated via computer. To stimulate the EADs cells are either oxidatively stressed of external K+ reduced. When a current equivalent to the native L-type current injected EADs are observed in stressed cells. But when intrinsic properties of the virtual L-type current adjusted by slightly changing the activation inactivation EADs abolished. This study indicates that changing electrophysiological properties of the L-type Ca current may prevent EADs occurrence and associated pathological conditions.

Michael Sorensen, Stephen DeWeerth, Gennady Cymbalyuk, and Ronald L. Calabrese,
Using a Hybrid Neural System to Reveal Regulation of Neuronal Network Activity by an Intrinsic Current. The Journal of Neuroscience, June 9, 2004; 24(23):5427–5438 
In this paper the focus is on the mechanism underlying pacemaker activity in medicinal leech hearth. They are investigating the network underlying this pacemaker activity and how a specific type of current (hyperpolarization activated inward current, Ih) can change the behavior of the network. In medicinal leech heart there are two coupled oscillators each of which has two heart interneurons reciprocally connected by inhibitory synapses (this structure is called a half-center oscillator). When one neuron in this small network is active it inhibits its partner neuron and eventually inhibited neuron escapes from inactivated state, begins firing and inhibits first neuron. This cycles result with anti-phasic bursting. They model one of the neurons in the network with a Hodgkin and Huxley type model neuron and couple it with a real heart neuron with dynamic clamp. When two neurons are reciprocally connected with sufficient strength they produce remarkably similar activity observed in-vivo. Then they proceed with changing the maximal conductance, activation and deactivation time constants of modeled Ih current to show how this current controls duration and period of the bursting. They also make similar changes in real neuron and observe remarkably similar behavior. Which shows that model neuron can be a good replacement for real neuron in this aspect.
Thomas Nowotny, Valentin P. Zhigulin, Allan I. Selverston, Henry D. I. Abarbanel, and Mikhail I. Rabinovich,
Enhancement of Synchronization in a Hybrid Neural Circuit by Spike-Timing Dependent Plasticity. The Journal of Neuroscience, October 29, 2003 • 23(30):9776 –9785
In this paper the focus is o the synchronization of the oscillatory activity in neural networks. They are investigating the role of spike timing dependent plasticity (STDP) in synchronization. In this type of plasticity synapse adjusted according to the relative timing of the presynaptic and postsynaptic spikes. STDP process partly explains the activity dependent development, with regards to long term potentiation and long term depression. Taking this into account they hypothesis that , STDP limits the strength to which a synapse adjust itself to provide synchronization. To test this hypothesis they using dynamic clamp to generate a hybrid network. In their network they connect a spike generator to a living neuron through a virtual STDP synapse. In addition to that that build a completely computer based network consisting two model neurons to further assess their hypothesis. Their findings indicate that STDP synapse provide robust phase entrainment.
Richard Bertram, Joseph Previte, Arthur Sherman, Tracie A. Kinard, and Leslie S. Satin,
The Phantom Burster Model for Pancreatic b-Cells. Biophysical Journal Volume 79 December 2000 2880–2892.
Pancreatic beta cells are clustered and coupled together in micro-organs called islets of Langerhans. these-cells secrete insulin in response to elevated blood glucose levels. Secretion is oscillatory which is well coupled with bursting electrical activity of the cells. Single cells burst with periods ranging from a couple of seconds to minutes in vitro where intact cells burst with intermediate periods( 10-60 seconds). In this paper the focus is on generating a beta cell model, which can explain the wide range of periods and persistent medium bursting period in coupled cells. In their model they use two slow conductances with different time constants (1-5 seconds and 1-2 minutes) to explain wide range of periods of bursting in isolated cells. And they show that for coupled cells (islet like), the medium busting can be generated without need of an intermediate time constant. Rather medium bursting achieved by interaction of two slow variables. They are using dynamic clamp to inject suitable current to an isolated cell to mimic islet like conditions. They are coupling a model cell with a living cell and generate medium bursting within the network. Which indicates medium bursting observed in intact cells are resulted from synchronous coupling between cells.
Rebecca C. Ahrens-Nicklas and David J. Christini,
Anthropomorphizing the Mouse Cardiac Action Potential via a Novel Dynamic Clamp Method. Biophys J. Nov 15, 2009; 97(10): 2684–2692
In this paper a novel dynamic clamp method is introduced. Hey call it cell-type transforming clamp (CTC), which can be used to attribute the properties of a cell to another by injecting compensating currents. Most of the experiments on heart myocytes are performed on mice cells and then data got from the experiments extrapolated to be analogues to human data. However intrinsic properties of mice cells and human cells are different so the interpretation might not always draw a perfect picture. For example mice heart-beats are faster than human’s and their action potentials have different shapes. To overcome this issue they inject currents into mouse heart myocytes via CTC to compensate the differences between human and mouse myocytes.
WEB PAGES
https://www.youtube.com/watch?v=P-9JmP-QnEA
In this Youtube video, the hardware needed for dynamic clam experiment with StdpC software is introduced.
http://www.rtxi.org/about-rtxi/dynamic-clamp/
This web page explains RTXI (real time experiment interface) dynamic clamp software, which  is capable of handling much higher sampling rates due to the low overhead in the Linux OS.
http://stdpc.sourceforge.net/
This is the link to the StdpC dynamic clamp software web-page, which is a open source software project. The project team describes it as: “StdpC is dynamic clamp intended for the end-user neurophysiologist. The software allows to create artificial synapses and ionic conductances as well as providing an interface for activity pattern generation and data replay in artificial neurons.”
http://www.scholarpedia.org/article/Dynamic_clamp
This is the link to Dynamic-Clamp page on ScholarPedia. Basic principles of the technique, types of applications and limitations are summarized.

http://www.jove.com/video/2275/application-nmda-receptor-conductance-rat-midbrain-dopaminergic
Here is the link for an article from Journal of Visualized Experiments (JoVE). In the article NMDA receptor conductance is applied to Rat subtantia nigra dopaminergic neurons with dynamic clamp. The application of an NMDA receptor conductance evokes bursts of action potential which shows that NMDA receptor conductance is a mechanism that drives bursting in this neurons. Slice preparation, tools used, electrophysiological recordings and results are illustrated in the video. 

http://www.qub.buffalo.edu/wiki/index.php/Dynamic_Clamp
This is the link for a tutorial for QuB dynamic clamp software. This software is compatible with MS Windows and according to the developers it is more efficient under “hard real time constrains”. In the webpage illustrations for the software interface and amplifier are given. An application of dynamic clamp with the software to a spiking neuron is also illustrated. 
https://www.youtube.com/watch?v=1doFpyXvAFs
Here is another youtube video. In this video artificial conductances are applied to mouse retinal ganglion cells with dynamic clamp. This video is not open access so there is only voice (no pictures). But underneath the video there is alink to the source. If you can find a way to get access to the video through the link it can be very beneficial.

 https://smartech.gatech.edu/handle/1853/17156
This is a link to a lecture on the SMARTTech library, the online course library of Georgia Tech. There is a PDF presentation for course material along with a video lecture on dynamic clamp.

http://www.hornlab.neurobio.pitt.edu/G%20clamp%20v2.html
This is another dynamic clamp software developed by Horn Laboratory University of Pittsburgh School of Medicine. There is link for software and user manual and a brief description.

https://mbi.osu.edu/video/player/?id=326&title=Dynamic-clamp+studies+of+neuronal+synchronization
Here is a 40 minutes lecture video on dynamic-clamp studies of neuronal synchronization by John White in 2011. He is reviewing his group's experimental studies in the video.

