Wen Hui Wu and Robin L. Cooper


Talking – Wu will do all the talking

Hi, I am Wen-Hui Wu from the laboratory of Dr Robin Cooper, in the Department of Biology, at University of Kentucky. Today, I will show you how to record both evoked and spontaneous excitatory postsynaptic potentials from a leg extensor muscle in a crayfish walking leg. The unique aspect of this preparation is that each muscle fiber is innervated by both a high and low output motor neuron. This can be useful to address physiological questions on synaptic differentiation.

Now, let’s get started……

1-introduction.MPG (Wu reading above text)
--Voice READER always in Purple
The specific synapses where a motor neuron communicates with muscle fibers is called the neuromuscular junction or NMJ.  Due to the fact that NMJs can easily be accessed in crayfish and they remain viable in basic saline for many hours. 

The characteristics of non-spiking excitatory postsynaptic potentials or EPSPs are graded electrical signals in these muscles are similar to those generated in postsynaptic dendrites in mammalian CNS.
Show picture of a facilitated EPSPs
Thus, this preparation can serve as a fundamental synaptic model to provide insights on synaptic transmission in general for other animals.
To isolate the leg for dissection it needs to be removed from the crayfish.
Show Text “Methods”

“Dissection”

Talk while showing move 
2-remove leg.MPG
A Crayfish, Procambarus clarkii, measuring 6-10 cm in body length (Atchafalaya Biological Supply Co., Raceland, LA) are induced to automize the first walking leg by forcefully pinching at the ischiopodite segment. The animal will stop bleeding at this site. The animal is not sacrificed and can be placed back in its holding tank.
Talk while showing move 

3-start dissection.MPG
Turn the leg around until one can be sure the outside (lateral side) is facing up on the dissection plate. This is usually the arched side up. Placing the leg on a piece of tissue paper helps, so the preparation can be turned easily while making these cuts.
[image: image1.emf]
With a scalpel blade breaker with  an attached sharp razor blade etch the cuticle. Follow this pattern as shown within the meropodite segment. This will produce a window in the meropodite to expose the underlying muscles. Care needs to be taken not to cut too far distal on the dorsal to ventral cut along the meropodite-carpopodite joint. Leave the cuticle in place for now. Place the preparation in dissection dish containing a defined crayfish physiological saline.
Show text : “A modified Van Harreveld's solution (in mM: 205 NaCl; 5.3 KCl; 13.5 CaCl2.2H2O; 2.45 MgCl2.6H2O; 5 HEPES adjusted to pH 7.4).”

This dissection dish should have a Sylgard coating on the bottom (1cm thick).The

Sylgard is used so that insect pins can be stuck into it for holding the preparation. At this point stick a pin in the ischiopodite segment. With fine tweezers (#5) lift slightly the cuticle from the distal end and with the razor, cut the flexor muscle fibers away from cuticle. Cut in a distal to proximal manner. Lift the window of cuticle off. 

4-remove cuticle in saline.MPG
Now cut the apodeme (tendon) at the meropodite - carpopodite joint as shown. Be very careful to pull the tendon away from the leg cavity before making the cut and to only cut the tendon and not the main leg nerve that is on the inner side of the tendon. Pinch the tendon where it was cut with tweezers and pull the flexor muscle off by lifting it in a caudal direction. Now the main leg nerve and the extensor muscle are exposed.
 (Will have new photos)
[image: image2.emf]
[image: image3.emf]
Now cut the main leg nerve at the meropodite - carpopodite joint  and carefully pull the main leg nerve back over the extensor muscle. The medial surface of the extensor muscle is used throughout this study. The separation of the nerve to the extensor muscle from the main leg nerve can be enhanced by gently pulling the distal stump of the main leg nerve to the side of the preparation. When peeling the main leg nerve back over the extensor muscle small branches of inhibitory axon may need to be cut. The larger bundle branching off the main leg nerve near the proximal end of the meropodite is the nerve bundle of interest.
5-dissected prep with nerve.MPG
This nerve bundle can be seen with methylene blue staining (Figure ?) 
----methylene blue stain.jpg
A sharp intracellular electrode (20 to 30 mOhm resistance) is made and filled with 3 M KCl. 
6-make intracellular electrode.MPG
A focal electrode is made and will be used to stimulate the axons. A 2nd focal electrode is made in order to record over the nerve terminal to monitor synaptic quantal events.
7-make focal electrode.MPG
These focal electrode need to be fire polished and bent slightly to over a heating element
8-bent electrode focal record and stim.MPG
A standard head stage and amplifier for intracellular recording can be used. We  use a model Axonclamp 2B (Molecular Devices, Sunnyvale, CA, USA) amplifier and 1 X LU head stage.
9-place intracellular electrode on record wire.MPG
Now  place one focal electrode on the stimulating electrode holder. This is connected to a Grass P-15 stimulation isolation unit, which is connected to an S-88 Grass Stimulator
10-Place electrode on stim wire.MPG (need to add to move the shots of equipment)
focal electrode 1.JPG (focal electrode 2.JPG )
The axons are visualized with the vital dye 4-Di-2-Asp (Magrassi et al., 1987). The saline is exchanged with saline containing the dye (5 μM, 5-min treatment). 

11-Stain nerve term with 4Di2ASP.MPG
As seen with a 4x objective and a 10X eyepiece the electrode is placed in the general location
12-Low mag place stim electrode.MPG
With fluorescence microscopy, the lumen of a macro-patch stimulating electrode is either placed on the phasic (high out ) axon which is stained lighter than the tonic (low output) axon. This is perfomed with the higher magnification (20X objective).
13A-Stim Axon electrode1.MPG 

13B-stim Axon electrode 2.MPG
Still photo of axons with one bright (Tonic) and one dull (Phasic)

axon stain1.JPG (axon stain1.JPG, axon stain3.JPG)
To evoke the nerve terminal, the excitatory motor nerve is stimulated.
The intracellular electrode is now placed in a muscle of interest.
14-intracellular electode on muscle.MPG
Photo of intracellular 20Hz, 40Hz, 60Hz EPSPs----TO DO

Photo- Phasic on top of tonic EPSP----TO DO
The rate of synaptic depression of the high output neuron  is related to frequency of stimulation
Photo of Depression on phasic (time graph) ----TO DO
The quantal EPSPs are measured directly over identifiable regions of the visualized
 nerve terminals. The lumen of a macro-patch recording electrode is placed on synaptic varicosities.
 15-focal nerve terminal.MPG
nerve terminal stain.JPG (nerve terminal stain2.JPG)
Here the synaptic responses of the tonic terminal are shown. Note that not all stimulation  trials result in a quantal event.  Spontaneous events can also be recorded without stimulating the axon.
Photo-Movie of quantal recording  Tonic----TO DO -- SCREEN CAPTURE
The sysnptic responses from the  phasic axon can also be recorded in the same manner. However the evoked responses are multiquantal in nature

Photo-Movie of quantal recording  Phasic----TO DO--- SCREEN CAPTURE
Direct counting of quantal events from the tonic terminals is possible with low stimulation frequencies. For each evoked response, the number of quantal events can be readily determined for the low output terminals by counting quantal events
Mean quantal content can be estimated based upon these direct counts in a number of ways. Since the evoked high output NMJs produce multi-quantal evoked events  the mean amplitude or area of the deflections can be used along with the average peak amplitude or area of the spontaneous events to estimate mean quantal content.
Figure on math equations
[image: image4.png]2 (# of failures)(0) + (# of singles)(1)+ (# of doubles)(2)...

Total number of stimulus trials

Mean quantal content=

Meanamplitude (or area) of evoked quantal events
Mean quantal content=

Mean amplitude (or area) of spontaneousquantal events




16-bye.MPG  Wu will do all the talking-- So, I just showed you how to prepare the leg extensor preparation in crayfish and the morphology of the nerve terminals by staining with a vital dye. Also, I showed you how to record both evoked and spontaneous excitatory postsynaptic potentials with  intracellular and focal electrodes. So, when you are using this procedure, be sure to take care when removing the flexor muscle, as not to damage the extensor motor units.

So, that is it, thanks for watching and good luck with your experiments.

