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Lab III 
Characterization of membrane properties using Voltage-Clamp 

 

In this lab we will use the same setup used for the previous lab, only this time we will clamp the Voltage of the 
cell instead of the current injected. There are two principle voltage values for clamping: The holding potential 
and command (voltage) step; two electrodes will be inserted into a single cell in Current-Clamp mode (as in 
the previous lab), and then we will switch the Axoclamp into Voltage-clamp mode, clamping the cell voltage to 
the resting membrane potential (holding potential). On top of the holding potential, the cell potential will be 
clamped to various voltage values for a short period of time (voltage steps) and we will measure the clamping 
current. 

 Clamping the voltage of the membrane is not a normal state for the cell. Why do we do it? 
 

First we will briefly use a designated model cell. We will not perform the entire experiment with it, and it’s 
done mainly to test the equipment, and experience the voltage-clamp technique net, without the additional 
issues of a real preparation. In the following instructions we do not mention the model cell but you are to 
perform the first stages of the experiment with it and make sure you know how to operate the instruments 
before you proceed to the real experiment. 

 While using the model cell answer these questions based on the lecture you had: 
1. What is the general idea underlying of the Voltage-Clamp? 
2. How is the voltage clamped? 
3. Explain the terms Holding-Potential and Step Command. 
4. Explain the figure below. 

 
 

 Trying to fix it, you might get the following, explain why and how to fix it 
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Prepare the setup to insert two electrodes in Current-Clamp mode as you did in the previous lab. Choose 

electrodes with suitable resistance. What is a suitable resistance for this experiment?  What is the 

trade-off between high and low resistance of the current electrode?  What is the trade-off between high 
and low resistance of the voltage electrode? 

Check the resistances of the two electrodes and log both values. Set your system to 2 Hz with a short 10 ms 
pulse of 1 nA for the insertion of the electrodes into the cell. Adjust the input and output offsets, the bridge 
and the capacitance neutralizer for both electrodes.  

 Is the bridge important in this experiment? Explain. 
 
When you are ready to continue, call an instructor to add a shielding metal flag (on a small manipulator) 
between your electrodes. This is necessary to avoid electrical influence between the electrodes. 

Choose a suitable cell for Voltage-Clamp and insert the electrodes into it.  What is a suitable cell? 
Prepare the setup as learned in the previous lab and check that everything is working and also turn-off the 
PHASE LAG and GAIN on the VC control buttons on the Axoclamp. 
 
After the electrodes are in the cell, nothing around can be touched, so be sure to prepare everything ahead of 
time. Go for it; insert the electrodes to the cell. 
Take a deep breath while allowing the cell to rest from the traumatic penetration. 

You are about to change to Two-Electrode-Voltage-Clamp (TEVC) mode in the Axoclamp. When you press the 
TEVC button you want the voltage to be clamped to the holding voltage first (resting potential of the cell). 
Adjust the Holding Position to the correct voltage. The left led above it is lit when the measured voltage is 
greater than the set value, and the right led is lit when the set value is greater than the measured voltage. 
Therefore, for fine adjustment, turn the radio-button gently until you see both leds half-lit (indicating the 
measured and set values are identical). 

Prepare to switch to VC: 
1. Move the aluminum flag to the right location between the electrodes (using the small manipulator it is 

situated on). 
2. Make sure the STEP COMMAND value is on zero. 
3. Move the STEP COMMAND to VC (mV) position. 
4. Connect 10Vm and I2 of the Axoclamp to input 0 and 1 of the computer. 

Press the TEVC button. 

Your system is on Voltage-Clamp mode, clamping the voltage to the RMP (Resting Membrane Potential). 

 What do you expect the holding current to be at this stage? 
 
In order to focus on the beginning of the voltage step measurements set the parameters as follows: 

1. Trial frequency – 2 Hz. 
2. Trial duration – 100 ms. 
3. Command delay – 10 ms. 
4. Command duration – 20 ms. 
5. Step command – minus 20 mV. 

Start increasing the gain very slowly; note that as you go up with the gain, the white noise on the current trace 
increases. Stop increasing the gain when you start seeing damped oscillations at the voltage step onset 
(“ringing”) or when the white noise amplitude is large. Check if this gain is enough to clamp the voltage (you 
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should know how to determined “not good enough clamping”). If the clamp is not good enough you will have 
to increase the gain. Before you can do this you will have to reduce the oscillations by activating and adjusting 

the phase-lag which slows down the clamping at stages when there are rapid voltage changes ( Why is this 
the most demanding conditions for a proper clamping?) You should repeat these steps in various conditions 
(stated below) until you get a desired clamping gain in each condition. 

 Answer: 
1. What is the current measured at the beginning of the step, until stabilization? 
2. What is the leakage current of the cell with this voltage? 
3. Calculate the cell capacitance. Note: This should be done at lower clamping gain because at this 

condition it will be easier to measure the charge ( Why?) 
4. Assuming the specific capacitance of the neuron membrane is 1 μF/cm2, and according to the results of 

the previous section above, calculate the cell surface area. 

Now change the command step to plus 10 mV. Gradually raise the voltage in steps of 10 mV. And check what 
is the minimum voltage that actives the membrane and make fine adjustments to the gain to clamp the 
voltage successfully also when the membrane is active. When you have reached optimal voltage clamping 
parameters change the trial parameters: 

1. Trial frequency – 0.2 Hz (a trial every five seconds). 
2. Trial duration – 300 ms. 
3. Command duration – 200 ms. 
4. Command step – plus 10 mV.  

Gradually raise the command step to 100 mV with steps of 10 mV. 
Repeat the experiment after changing the holding potential to minus 80 mV and explain the differences. 

 Answer for both holding potentials, addressing the active currents: 
1. Describe the dynamics of the currents. 
2. Explain the essence of each of the currents you measure. 

 
The currents in the spikes of those cells are constructed of three main ions: Na+ inwards current, K+ outwards 
current and Ca+ inwards current (in this order). 

For analyzing the dynamics of those currents separately, we will add channel blockers to the preparation dish; 
TEA (Tetraethylammonium) will be added to block Potassium channels (100 mM final concentration) and after 
some time MnCl2 will be added to block Calcium channels (10 mM final concentration). You should repeat the 
voltage/current characterization after each blocker is added and save the data for analysis. 

 Answer: 
1. What are the I-V curves of the inwards and outwards currents? 
2. How does the holding potential affect the I-V curves? 
3. By linear separation between the currents without and with the channel blockers describe the 

dynamics and characteristics of the three types of currents (Na, K and Ca). 
4. Calculate the conductivity of each of the currents as a function of the membrane voltage. 
5. Explain what is reversal-potential. 
6. What are the reversal-potentials of Sodium and Potassium? 

 


