
Research Methods in Nurobiology – 76905 

Lab 4: statistical characterization of synaptic release 

This lab is dedicated for practicing main methods used for quantitative characterization of transmitter release 

in synapses. Please review the material from the introduction lesson and both articles discussing quantitative 

measurement of synaptic release in synapse (Johnson and Wering 1971, Martin 1965). The main aim of this 

lab is to repeat Johnson and Wering experimental approach using different technique. 

 

This lab demonstrates a technique in which a local electric stimulation of the presynaptic side of the synapse is 

performed, followed by an accurate and direct measurement of the fast postsynaptic quantal current 

responses. The analysis of the results demonstrates a couple of techniques for quantitative characterization of 

transmitter release in synapses. 

The synapse used will be the neuromuscular junction of the crayfish abdominal muscle. 

The muscle cells of crabs are very large and thus, have alow input resistance. Therefore, the small inward 

currents generated by a single quanta will cause only insignificant voltage changes in the post-synaptic cells, 

and so intracellular recordings are not a good way to measure the response generated by single quanta. 

Typical to arthropods muscles,, the entire surface of the muscle cells are densely  innervated by many 

presynaptic endings. This pattern of innervation is due to the polyneuronally innervation (each muscle cell is 

innervated by more than one motoneuron) and multi-terminally innervation (each motoneuron has many 

synapses on each muscle cell).  

Therefore, approaching the muscle with micropipette with a relatively wide opening results with a good 

chance to patch a few synapses allowing direct stimulation of a single presynaptic site together with record 

the resulting postsynaptic current due to the opening of ligand gated (neurotransmitter dependent) ionic 

channels.  

In this lab session, we will record synaptic currents as the result of stimulation of the presynaptic nerve 

terminals using the macro-patch technique. The recording method is based on amplifiers developed for 

recording single channel currents (therefore the technical background of the Patch-clamp lesson is relevant 

also for the  “loose –patch” method). The macro-patch technique is fitted for relatively large currents.  In 

contrast to the patch-clamp technique, the area patched is larger and the seal resistance between the 

micropipette and membrane is much lower (~100KΩ) than the typical gigaohm seal resistance in the patch-

clamp method. 

Stimulation and recordings are produced using glass electrodes with a large diameter (10-30 μm). The opening 

is heat polished to enable a good seal and to avoid injury of the muscle and nerve tissue.  

At the touching points between the glass rim of the electrode and membrane, an area with high resistance is 

produced (Seal resistance Rs see Figure 2), isolating the synaptic area including both the presynaptic terminal 

and the postsynaptic receptors. Inside the electrode there are two chloride coated silver wires. One, for 

stimulating, the second is for recording the currents flowing through the membrane (in our case, the 



postsynaptic currents). Recording the current with the second wire is done by the current to voltage 

converting amplifier of the patch-clamp, schematically presented in Figure 1.   The recording amplifier is based 

on the current to voltage converter circuitry, which clamps the electrode voltage to the ground potential 

(exactly as in patch clamp circuitry but with no command). The clamping current (Ip) is proportional  to the 

voltage that develope on the feedback resistor Rf  . Therefore, the current membrane (the current that flow 

into the pipette) is equel to the following:    Ip = -Vout/Rf 

 

The stimulating wire is connected to the current clamp cycle which provides constant current pulses. 

From analyzing the currents flow in the equivalent circuit (Figure 2), it appears that the voltage thatdrops on 

the serially connected patch resistance (Rp) and the input resistance of the cell (Rin)  (Rp+Rin), is equal to the 

voltages that drop on the seal resistance (Rs), connected in parallel to Rp+Rin.  Assuming Rs is constant, the 

voltage that drops on the membrane will remain constant as well (think why the contribution of Rin is 

negligible?). Thus, stimulating the membrane with this method clamps the membrane potential to the form of 

the potential of command, while the voltage amplitude can be estimated by the product of the stimulating 

current and Rs (note that because of the small area of the membrane the patch capacitance (Cp) is very small. 

(Think why this is important). In addition, from this analysis of the equivalent circuit it is clear the change in 

membrane voltage of the patched area occurs at the external side of the membrane, therefore – to cause the 

membrane depolarization (i.e. reduction in cross membrane voltage), a negative current should be injected 

through the electrode.  

It is not possible to stimulate and record at the same time with the macro-patch, since the current-to-voltage 

amplifier saturates by the injected current (because stimulating currents are much larger than the current that 

Rf is designated to measure). This is because that  unlike the patch-clamp configuration (i.e. very large Rs), 

large currents are needed for stimulating the nerve endings, due to the relatively low Rs. Thus, in order to 

measure the postsynaptic responses (synaptic currents), we stimulate the presynaptic terminal with short 

current pulses (in the range action potential duration) and measure the synaptic currents which appear in a 

delay of a few milliseconds (ms) after the end of the stimulus. It appears clearly now that the ability to 

measure synaptic currents after the stimulation pulse ends is restricted to the speed of which the amplifier 

could recover from the saturated stage. In order to enhance the recovery and to neutralize the artifact while 

recording a few electrical manipulations are done. First, as noted, both the stimuli and recording are done via 

separate silver wires, in this way we may avoid the polarization of the recording electrode by the injected 

current. Secondly, two compensating circuits serve to neutralize the artifact caused by the slow relaxation of 
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the recording electrode voltage (Figure 1). These compensation circuits are driven by voltage pulses coming 

from the stimulating signals (see Figure 1). Compensation of the stimulation artifact is achieved by properly 

adjusting the amplitude (A) and the time constant (τ) of the compensating pulse which is then subtracted from 

the output of the recording amplifier via the summing amplifier (Figure 1). Our patch-clamp amplifier is 

equipped with one circuit to compensate the fast time constant components of the artifact , while the other is 

for compensating the slower time constant.  This enables a better compensation since the artifacts usually 

contain more than one time constant. 

 

Experiment 

1. Connecting the system: 

The current clamp circuitry is activated by a pulse from channel 2 in the Master-8. The duration 

determines the length of the stimulation pulse. The amplitude and polarity are regulated at the device 

itself. The output of amplifier should be connected to channel 0 of the Labview. 

2. Preparation: 

This experiment will be performed on a segment of the deep extensor abdominal muscle of crayfish. This 

muscle is involved in extending the abdomen while swimming quickly. A segment of the muscle with its 

innervating motor axons is attached to the base of a Sylgard coated experimental bath, ventral side up. 

Along the muscle, you may notice the five innervating axons and their thin splitting branches which 

produce synapses with all muscle cells.      

The muscle is maintained in a physiological solution containing in mM: 220 NaCl; 5.4 KCl; 12 CaCl2; 2.5 

MgCl2; 2 HEPES pH 7.6 

3. Preparing electrode: 

The electrodes are prepared in advanced with a computerized puller which heats and pulls the glass 

capillary in several stages. This special puller allows preparing electrode with a wide opening (~20µm). 

The tip of the electrode is then heat polished to smooth the tip and adjusting the opening to the 

desired diameter. The electrodes are filled with physiological solution, and because they are without 

glass avoiding air bubbles is crucial.  The electrode is then connected to the electrode holder and then 

to the headstage.  

4. Searching a synaptic site 

After lowering the electrode into the solution, a short current pulse is injected into the electrode (1 

ms; -2µA) at a rate of 5Hz. Compensate the artifact. 

Direct the tip of the electrode to the center of a clearly visible muscle cell. The last stage of attaching 

the electrode to the muscle cell should be done while watching the current trace. Touching the muscle 

should be followed by reduction in the level of current noise (Why?) and change in the stimulus artifact 

waveform. At this stage a  very gentle additional pressure should be applied and if you are lucky and 

the electrode is facing a synaptic site (yet the chances are relatively high…why?) discrete events of 



synaptic currents will appear. Reduce the stimulation intensity close to threshold and then very gently 

try to improve the contact between the electrode and the site. Damage to the nerve terminal due to 

excessive pressure may cause the appearance of spontaneous or delayed synaptic current events 

(Why?).  

Withdraw the electrode and repeat this procedure in case synaptic site has not been detected. 

  

5.  Collecting data  

The data should be collected from a site in which a single quant is clearly discerned. Especially note the 

ability to distinguish discreet events in multiple releases (namely being able to determine the quantal 

content per stimulus). Most likely, in order to increase the time resolution we will cool the preparation 

in order to slow down the release process. 

 

The aim of this lab is to work at conditions that allow practicing techniques for characterizing 

transmitter release. The method that we are using allows characterizing several release parameters 

under different level of release probability. (Think why the patch clamp technique allows easy control 

of the level of transmitter release). Therfore you should collect data at low levels and high level of 

release.  These two levels of release will be obtained at the same synaptic site by different intensities 

of stimulations. A low level of release will be obtained by adjusting the stimulation to a level where a 

large proportion of the stimuli leads to failures (60-80%) while at strong stimulation only smaller 

proportion of failure should be obtained (about 10-30%). It is important to collect data at a stationary 

release conditions otherwise the statistical analysis is meaningless.  

Analysis will be based on extracting the following parameters: 

1. Average of the amplitude and variance of a single quanta  

2. Average of the amplitude and variance of the postsynaptic response (amplitude) 

3. Direct measurement of the number of quanta content per stimulus, and from this – the averaged 

quantal content and its variance 

Relate to the following, based on your data: 

A. Is it possible to attribute all the single synaptic currents (quanta) to a single population? 

B. Using the results from point 3 above calculate the quantal content with the three methods. Although the 

patch clamp technique is ideal for the analysis based on direct counting of release events you are invited 

to compare the results based on direct counting to those based on measuring the response amplitude 

(results of point 2 above). 

C. Based on the results in point 3 check if the distribution of release fits a binomial or Poisson distributions. 

Check if the fitness depends on the level of release 

D. Create histograms that describe the probability of release as a function of the delay from the stimulus 

(delay histograms). What parameters of the probability histograms depend on the level of release?  

 


