NEUROBIOLOGY LAB Fall 2009
Experiment #1: Measurement of Model Membrane Constants

At each lab station, you will find an electronics breadboard prepared with a network of
resistors and capacitors to simulate the passive cable properties of a neuronal dendrite or axon.
You will use the Grass SD9 stimulator to inject current into this model neuron and you will use
the Igor Acquisition Application to record its response. A schematic of the model membrane and
points of connection is shown below:

FIGURE 1. The model membrane network.
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At each lab station, the value of each component of the membrane model will be written on a
card. These values should be included in your METHODS section description of the model you
used. For the first part of this experiment, the membrane capacitors (Cpem) Will be omitted while
you measure the length constant. In the METHODS section of your lab report, you should draw
the experimental configuration including the stimulator and the model membrane network. In
this drawing you should indicate where you measured the responses.

Connect the oscilloscope channel 1 input to measure the voltage at point A of the model
membrane with the ground shield attached as shown in the schematic. Connect the positive
electrode of your stimulator to the intracellular point A and the negative electrode to the
extracellular point Gnd as shown above. Adjust the stimulator controls to deliver an electrical
pulse (6 volts, 100 ms duration, 5 ms delay) at a repeat frequency of about 1 pulse per second.
Adjust the oscilloscope controls to fill the screen with the response of the model membrane to
optimize time and voltage measurements. Ask a laboratory assistant to check your setup before
proceeding.

In this experiment you will:

1. characterize the decay of the transmembrane voltage as you move away for the current
injection site and measure the length constant (1) of the model membrane using two values
of the membrane resistance;

2. add the membrane capacitors, record the charging curve and measure the time constant (t)
for each value of membrane resistance;

3. characterize the spread of the response down the complete membrane model.

The transmembrane voltage (V) is recorded intracellularly (e.g. point A) relative to an
extracellular reference or ground (Gnd). The response you are starting with is the Vy, at site A.



Record the DECAY of V,, with distance and measure the LENGTH CONSTANT:

Not surprisingly, the V,, decreases as you move away from the current injection site. For
this experiment, we will treat each resistor segment as one distance unit, such that the
total length of the model dendrite is six segments. To measure the decay of the response,
you will apply constant input stimuli and record the responses at each intracellular site
along the model membrane (points A-G in Figure 1).

FOR YOUR LAB REPORT: Make a plot superimposing the responses recorded at
each site along the model membrane. This should look something like:

FIGURE 2. Oscilloscope record of voltage decay along the model membrane.
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(Indicate the site where each response was recorded. REMEMBER to always write the
V/DIV and ms/DIV on your plots!)

Now you should replace the seven 100 kQ membrane resistors (Rmem in Fig. 1) with the
seven 10 kQ resistors you will find at each lab station. Notice that you must increase the
stimulus intensity to get the same response at site A that you got with Rmem = 100 kQ.
(Extra credit if you can think why this is so. HINT: Ohm's)

FOR YOUR LAB REPORT: Make another plot superimposing the responses recorded
at each site along the model membrane with Rpem = 10 kQ.

LENGTH CONSTANT (A4): As we discussed in our lab meeting last week, the V, decays
exponentially as you move away from the site of current injection. The equation
describing this decay is:

Equation (1)  V(X) = Vorigin * € ™

[ You may be able to show: d?V/dx?=1/A%*V . ]



Atx =2,
V(k) = Vorigin *e M= Vorigin *e 1= Vorigin *1/e =37% Vorigin

[ The value of e = 2.718..., such that 1/e = 37%. ]

The length constant is simply the distance from the origin to the point where the voltage
falls to 37% of the voltage at the origin.

FOR YOUR LAB REPORT: Prepare a graph which plots V, versus distance for both
values of Rmem and indicate the length constants. This graph should look something like:

FIGURE 3. Decay of V, along a model membrane .
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EXTRA CREDIT: By simply changing the vertical scale on your graph, you should be
able to indicate the transmembrane current at each site along the membrane. HINT:
Ohm's law.



Record the CHARGING CURVES and measure the TIME CONSTANT:

Now install a membrane capacitor (C,) at each segment as in Fig. 1. MOVE THE
NEGATIVE STIMULATOR INPUT to the other end of the injection resistor (Rinject I
Fig. 1). The charging curve and time constant should be recorded at the same site where
the current is injected (i.e. site A).

The membrane charging curve is simply the trace you see on the oscilloscope when you
inject current across the membrane capacitance. Notice that unlike the stimulus pulse,
the charging curve is not square. The beginning of the pulse is rounded off and a tail
extends from the end of the pulse. In other words, the voltage approaches any new value
exponentially. (See section 2 of
http://www.utdallas.edu/~Icauller/Courses/NeuroPhys/NPhysWSderivations.doc

for a detailed derivation of the exponential nature of the time and length constants.)

For this experiment, you should try to measure the time constant as accurately as possible
by finding the point along the decaying tail after the end of the stimulus when the voltage
falls to 37% of the peak voltage just before the stimulus ended. Try adjusting the
stimulus intensity and the vertical position of the charging curve such that the peak
voltage aligns with a grid line near the top of the oscilloscope and the prestimulus
baseline aligns with a grid line near the bottom. Then you can accurately measure the
decay time by adjusting the horizontal axis scale such that the tail extends across the full
width of the graph.

FOR YOUR LAB REPORT: Make a plot of the full charging curve superimposed upon
a fast trace indicating the time constant. This should look something like Fig. 4.

FIGURE 4. Exponential waveform of membrane charging and discharge decay.
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http://www.utdallas.edu/%7Elcauller/Courses/NeuroPhys/NPhysWSderivations.doc

Now, replace the 10 kQ resistors with the 100 k<2 resistors and repeat the procedure
above to measure the corresponding time constant. REMEMBER: the same membrane
resistor values must be installed for all 6 segments.

FOR YOUR LAB REPORT: Include two separate, or one combined plot showing the
exponential charge/discharge responses with each membrane resistance value, indicating
how their time constants were measured. REMEMBER: report these measurements in the
text of the Results section.

Characterize the TEMPORAL and SPATIAL DECAY of V..

To characterize the spread of the response along the complete model membrane, simply
record the response at each site (A-G) with both R, and Cy,in place.

FOR YOUR LAB REPORT: Make a plot superimposing the Vm responses recorded at
each site along the complete model membrane for R,= 100 kQ and another for R,= 10 k
Q. Each of these plots should look something like Fig. 5. Adjust the axis scales for the
best illustration of these recordings.

FIGURE 5.
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You should try to describe how the response spreads along the membrane in your
RESULTS section noting outstanding differences (i.e. how would you describe the state
of the axon toward of the end of the responses with the high membrane resistance?). Also,
in the DISCUSSION section, specifically comment on how you think this might affect

the neural functions (i.e. neuromodulated arousal states) described in the
INTRODUCTION.

LAB REPORT REMINDERS:

e The METHODS section should describe the experimental setup and procedures well enough
to let someone repeat your experiment without knowing what you did otherwise. Include
specific names of your experimental apparatus (i.e. Grass SD9 stimulator) and the values of
your model components (€.9. Rintracetiular= 100€2).

« In addition to figures showing examples of your raw data plots and graphs showing your
analysis, the RESULTS section should clearly state your findings. For example: "The length
constant of the model membrane was 3.2 segments when the membrane resistance was 10 k
Q"



