UNIVERSITY OF KENTUCKY, DEPARTMENT OF BIOLOGY, ANIMAL PHYSIOLOGY LABORATORY EXERCISES
Synaptic Responses, Neuronal Circuitry and Neuromodulation Using the Crayfish: Student Laboratory Exercises


Purpose

The purpose of this exercise is to help develop an understanding synaptic transmission. The crayfish abdominal extensor muscles are organized into functional groups: Some are tonic (slow) and others phasic (fast) in their biochemical phenotypes, and vary by structure as well as the motor neurons that innervate them. We use these muscles as well as the superficial (near the surface), tonic abdominal flexor muscle to demonstrate properties in synaptic transmission. In addition, we introduce a sensory-CNS-motor neuron-muscle circuit to demonstrate the effect of cuticular sensory stimulation as well as the influence of neromodulators on each aspect within the circuit. 

Learning Objectives
Physiological Mechanisms
1. Students will understand the difference between tonic and phasic neurons
2. Students will understand how EPSPs and IPSP influence muscle contractions

Evaluation and Analysis of Experimental Data
1. Students will understand how to obtain information from experimental recordings of nerve activities.  
2. Students will understand how to condense raw experimental data into descriptive/summarized statistics (averages and standard deviations).

Experimental Techniques
1. Students will understand basic techniques for using electrodes to stimulate and record the electrical activity of live tissue prep using the crayfish model.

Pre-Lab Quiz
1. What is an EPSP?  What is an IPSP?  How does each work, physiologically?
2. What is a tonic-type neuron?  What is a phasic-type neuron? How do they work physiologically?
3. What is the excitatory neurotransmitter of the neuromuscular junction of humans? What is the inhibitory neurotransmitter of the neuromuscular junction of humans?  Are the same ones commonly used in crayfish?  If not, identify what is common in crayfish.  
4. What is the difference between a flexor muscle and an extensor muscle?  What is the difference between a superficial muscle and a deep muscle?
5. In each of the abdominal ganglia of the crayfish, what do the three bilateral nerve roots do? What do they communicate with?
	
Introduction
EPSPs, IPSPs, and the Neuromuscular Junction
The abdominal extensor muscle preparation used to demonstrate the resting membrane potential is also ideal for demonstrating synaptic responses at neuromuscular junctions.  In a general motorneural pathway, action potentials exiting the central nervous system are carried along efferent motor neurons.  Efferent motor neurons then synapse onto individual muscle cells at specialized synapses referred to as neuromuscular junctions, or NMJ.  Depending on the type of motor neuron, the action potentials can deliver signals that are excitatory (elicit an excitatory postsynaptic potential, or EPSP) or inhibitory (elicit an inhibitory postsynaptic potential, or IPSP).  In humans, NMJ’s receive only excitatory signals.  In crayfish, NMJ can receive either excitatory or inhibitory signals, or both.  Excitatory postsynaptic potentials cause the membrane potential of the muscle cell to move towards threshold (depolarize), whereas inhibitory postsynaptic potentials cause the membrane potential of the muscle cell to move further away from threshold (hyperpolarize).  

Phasic and Tonic Neurons
In addition to delivering different types of excitation signals (excitatory or inhibitory), The motor neurons can also be phasic or tonic.  Phasic-type neurons rapidly adapt and phase-out their response when the source of the stimulus (i.e. the CNS) continues the stimulation in an unchanged manner.  Thus, they may fire a burst of signals initially, but quickly decrease their signals over time until no further signals are sent.  In contrast, tonic-type neurons adapt slowly (if at all) and continue to fire action potentials so long as they are stimulated to do so.  Abdominal flexor muscles (groups of cells) in crustacea are selectively innervated by either a phasic or a tonic motor excitatory motor neuron, although some single fibers can be innervated by both types of excitatory motor neurons (Atwood, 2008; see JOVE production  id#2319-Wu and Cooper, 2010; Wiersma, 1961a). By selectively stimulating phasic and tonic motor neurons, physiological differences in the resulting EPSPs may be measured. 

In experimental set-ups, phasic motor neurons produce rapid twitching of muscle fibers and evoke EPSPs on the order of 10–40 mV. The phasic response can depress rapidly with 5–10-Hz (units per second) of stimulation. The tonic motor neurons give rise to smaller EPSPs that can be facilitated in the presence of a higher frequency (10–50 Hz) of stimulation. Structurally, the presynaptic phasic and tonic terminals at the NMJs are different (Atwood and Cooper, 1996; Bradacs et al., 1997; Cooper et al., 1998).

Surprisingly the phenotype of the phasic physiological responses can undergo a transformation to a tonic-like state by electrically conditioning phasic neurons for a few hours daily over 7 days (Cooper et al., 1998; Mercier and Atwood, 1989). The sensitivity to neuromodulation of the transformed NMJs is prime for investigating the regulation of receptor expression (Griffis et al., 2000).

In this relatively robust preparation (crayfish abdominal muscles), both tonic and phasic responses are easily recorded and examined for facilitation and/or depression of the synaptic responses with varied stimulation paradigms. With these preparations, students will be able to recognize generalities of the phasic and tonic synaptic responses by stimulating a nerve bundle.

An additional NMJ preparation presented is used for monitoring intrinsic motor activity and sensory stimulus induced motor activity from the CNS. This is the superficial flexor muscle on the ventral side of the crayfish abdomen. This preparation will also be used to monitor the sensory-CNS-motor-muscle circuit and the effects of neuromodulators (Strawn et al., 2000).

Crayfish Abdomen Neuromuscular Architecture
In each of the abdominal segment (except the last) there are three functional groups of muscles: (1) those controlling pleopod (swimmerets) movement, (2) three extensor muscles and (3) three flexor muscles. The flexors and extensors are antagonistic groups of muscles.  Contraction of the abdominal flexor muscles result in a decrease of the angle of the abdomen (i.e. curl and enter a tail tuck position).  Contraction of the extensor muscles cause the abdomen to extend back to a 180’ angle (i.e. flatten back out from the tail tuck position). Contractions occur via rotation about the intersegmental hinges. The phasic musculature occupies most of the volume of the abdomen, while the tonic muscles comprise thin sheets of fibers that span the dorsal (extensors) and ventral (flexors) aspect of each abdominal segment.

Crayfish Neuromodulators
In crayfish, the tonic abdominal flexor muscles of crayfish are innervated in each half segment by five motoneurons and by a peripheral inhibitory neuron. The excitatory motoneurons use glutamate as a neurotransmitter. Glutamate depolarizes the muscle fibers by causing an increase in permeability primarily to sodium ions. The inhibitory neurons release gamma-amino butyric acid (GABA), which usually hyperpolarizes the muscle fibers by causing an increase in permeability to chloride ions. In some crustacean muscles (mainly in limbs), the peripheral inhibitory neurons make synaptic contacts with motor neuron terminals as well as with the muscle fibers, and reduce the amount of transmitter released by the motor neuron (presynaptic inhibition) (Dudel and Kuffler, 1961). This phenomenon is not present in the tonic flexor muscles of crayfish.

The ventral nerve cord of crayfish is a bilaterally symmetrical structure running the length of the animal. There is one ganglion per body segment. In the abdomen (6 segments), each ganglion contains several hundred neurons, and each of the two connectives consists of a few thousand axons. The nerve cell bodies form a layer several cell bodies thick on the ventral surface of each ganglion. Immediately above the cell body layer is a fine meshwork of neuronal processes, the neuropile. All synaptic interactions occur here; the cell bodies are devoid of synapses.

Abdominal Ganglia Anatomy
Each abdominal ganglion (except the last) has three roots on each side. The first root contains axons of neurons innervating the pleopod musculature and sensory axons; the second root contains axons innervating phasic and tonic extensor musculature and sensory axons; and the third root, which leaves the nerve cord several millimeters caudal to the ganglion, contains axons innervating phasic and tonic flexor musculature. There are two branches of the third root. The deep branch (IIIa) innervates only phasic flexor muscles. The superficial branch of the third root (IIIb) in each half-segment contains six axons, which innervate the tonic flexor muscles.

The neurons innervating the tonic flexor are spontaneously active, unlike the phasic efferent neurons, and in a good preparation, they will continue to fire for many hours after the abdomen has been removed from the animal. For a review of the historical nature of the discoveries made in these abdominal preparations see Atwood (2008). The cell bodies of four of the motor neurons and of the peripheral inhibitory neuron innervating the tonic flexor muscle in any half segment are located in the ganglion of that segment. The cell body of the remaining motor neuron is located  in the next caudal ganglion. These neurons may be reliably distinguished from each other on the basis of extracelluarly recorded spike amplitudes. If the tonic flexor muscle from one half segment is removed along with the two ganglia containing the neurons innervating this muscle, five neurons usually show some degree of spontaneous activity. These neurons are numbered on the basis of relative extracellular spike amplitude, in ascending order. f1 to f4 are motoneurons and f5, the largest spontaneously active neuron, is the peripheral flexor inhibitor. f6, the largest motor neuron, is an excitatory motor neuron which is seldom spontaneously active.
 
The spontaneous nature of tonic motor neuron activity can be modulated by exogenous application of compounds or by providing a sensory stimulus to the cuticle within the same segment that is being monitored for motor nerve activity.

Specific Experiments and Questions for Today’s Laboratory Exercise

You will be one experiment investigating the intracellular activity of skeletal muscle in the abdomen of crayfish.  For today’s experiment, you will collect data under three different treatment conditions:  a control treatment (spontaneous activity), with stimulation (paint brush), and with exposure to the neuromodulator serotonin.  

Experiment 1: 
What are the average amplitudes/frequencies of the spikes amongst the three treatments and are how are they different?  
Was there any evidence of IPSP activity?  How was it identified?


Procedures
[bookmark: _GoBack]A video of the following lab procedure is available online at:

http://web.as.uky.edu/Biology/faculty/cooper/bio350/Bio350%20Labs/WK8-Abdomen%20EPSP%20Lab/LAB-muscle.htm

Dissection

To obtain the abdominal extensor preparation the same procedure as described above for examining the resting membrane potentials in relation to extracellular potassium. The difference is to take care of the segmental nerve bundle that runs along the side if the carapace. This nerve will be pulled into a suction electrode which will serve as the stimulating electrode. Stimulate at 1 Hz for monitoring phasic responses. Stimulate with short bursts of pulses 10Hz for 10 to 20 stimuli while monitoring the tonic responses.

The experimental procedures for caring out experiments on the  crayfish tonic flexor muscles are different and one needs to leave the ventral nerve cord intact. A preparation consisting of several abdominal segments is made. This is obtained as follows:

1. A crayfish approximately 6-10 cm in body length should be obtained (or a manageable size). Obtain the crayfish by holding it from the back of the head or approximately 2 or 3 centimeters from the back of the eyes. Ensure that the claws of the crayfish or mouth cannot reach the experimenter when handling the crayfish. Dispose of the head and appendages after removing them.

2. Use the scissors to quickly remove the head. Make a clean and quick cut from behind the eyes of the crayfish. 

[image: F:\LabPictures\DSCN8532.JPG]
Figure 18: Image shows placement of the cut to remove the head of the crayfish.

The legs and claws of the crayfish can be removed at this point to avoid injury. Stylets on males and swimmerets on both males and females can also be removed (Figure 19 and 20). Next, separate the abdomen from the thorax. Make a cut along the articulating membrane which joins the abdomen and thorax (Figure 20). 

3. Save the abdomen portion of the crayfish and dispose of the thorax.

[image: F:\LabPictures\DSCN8533.JPG]
Figure 19: Image shows the placement of the stylets that can be removed from the crayfish.

[image: F:\LabPictures\DSCN8534.JPG]
Figure 20: Image shows the placement of the cut to remove the thorax from the abdomen.
[image: F:\LabPictures\DSCN8535.JPG]
Figure 21: Removal of the thorax from the abdomen. The cut should be made in circular fashion along the line of the joining of the segments.
[image: F:\LabPictures\dscn8536.JPG]      [image: F:\LabPictures\DSCN8537.JPG]
Figure 22: The top image shows the abdomen with appendages. Bottom image shows the removal of the abdominal appendages.

4. Place the isolated tail preparation in saline solution in a large Petri dish. Pin down the tail and upper portion of the preparation to the dish. Make sure the preparation is secure. Use a scalpel to remove a square portion of the ventral side of the preparation between the ribs.

[image: D:\LabPictures\DSCN8542.JPG]
Figure 23: Shows where the cut should be made to remove the ventral potion of the preparation.

1. A small cut should be made (can also be done with scissors). A flap should be cut and lifted upward. The flap can then be removed with scissors, exposing the deep flexor muscles. The microscope should be used during this process to ensure precision in removing the ventral portion of the preparation.
[image: D:\LabPictures\DSCN8543.JPG]
Figure 24. Cutting preparation with scissors to expose muscles.



[image: D:\LabPictures\DSCN8548.JPG][image: D:\LabPictures\DSCN8547.JPG]
Figure 25. Left: Image shows the grasping of the flap with forceps. Right:  Image shows the removal of the flap from the preparation using the microscope.

[image: D:\LabPictures\DSCN8549.JPG]
Figure 26: Exposure of the superficial flexor muscles.


5.3) Intracellular Recording:
[image: ]
Figure 27: Overall setup of the recording equipment.
1. The Petri dish with preparation should be placed under the microscope and secured with wax at the bottom of the dish to prevent movement. 

[image: ]
Figure 28: Shows the placement of the preparation under the microscope. Use wax to secure the Petri dish and preparation. 



UPDATE 10/16/2010:
We are not using the amplifier and head stage in the movie or in this write up. You will use an upgraded version of the intracellular electrode holder and amplifier. You will be shown in lab during the introduction.

2. Two wires with short length of silver wire attached to one end should be obtained. The silver wire should be dipped into a small amount of bleach for about 20 minutes to obtain a Ag-Cl coating. Wash the wire with water before using.  A glass intracellular pipette should be obtained and carefully filled with a KCl (3 M) solution. The pipette should be turned down (with the opening facing the floor) and filled with solution. The latter will ensure that any excess KCl will drip out the back of the electrode. Be sure no KCl runs along the glass pipette that will enter into the saline bath. Turn the pipette upright when finished filling with potassium chloride solution. The silver wire can then be placed into the pipette. The other end is connected to the +(positive) pole on the head stage. The pipette is then secured on the electrode probe. Care should be made not to break the electrode pipette. A third wire attached to the Faraday cage should be placed into the green pole of the head stage. Lastly the Ag wire of the remaining lead should be placed in the bath and the other end attached to the – (negative) pole shown below. A wire should also be placed from the Faraday cage to the ground portion of the AD converter Powerlab. The head stage is connected to the “input-probe” on acquisition/amplifier (Powerlab). 
[image: ]
Figure 29: Head stage configuration. The wire connected to the green portion of the head stage is grounded to the amplifier or Faraday cage. The wire connected to the red portion is connected to the electrode wire. The black portion is used to connect to the bathing solution.


[image: ]
Figure 30: “Test toggle” is in the bottom row  to test electrode resistance. The “coarse” knob is also found under DC offset which should be turned counter clock wise. Gain is set to 50, which amplifies signals by a factor of fifty. The ground wire from the head stage is placed in the “GND” pin jack opening.

2. The LabChart software should be opened on the desktop or laptop. 
3. Adjust the chart to display only one channel by click “Setup”, then “Channel settings.” Under “Channel settings,” change number of channels to one. Click “OK.” 
4. At the top of the chart, left hand corner, cycles per second should be 2K. Set volts (y-axis) to around 200mV to 500mV. 
5. Click on “Channel 1” on the right hand portion of the screen. Click “Input Amplifier.” Make sure the following setting is checked:
a. Differential (checked)

The amplifier output should be in channel one. The following settings should be used with the amplifier:
· High Pass- DC
· Notch Filter- OFF
· Low Pass- 20kHz
· Capacity Comp.- counterclockwise
· DC Offset Fine and Course knob- counterclockwise
· DC Offset (+OFF-)- OFF
· Gain knob- 50
· Input (DIFF MONO GND)- Diff
· MODE(STIM-GATE-REC)- REC
· ΩTEST- OFF



Capillary Tip Resistance Check
1. Since you did this last week, you only need to record your resistance data once today. To measure the electrode resistance, the voltage should be divided by the current, which is 2.0 nA. The resulting value is the resistance of the glass electrode. The resistance should be 20 to 60 MegaOhms. 
2. Place the tip of the glass electrode into the saline bath. Make sure a ground wire is also in the saline bath.  
3. To begin recording, press “start” at the bottom of the screen. Make sure the gain is set to 5 V/div. 
4. Use the course knob on the amplifier to move the line on the LabChart to zero before inserting the electrode. 
5. The toggle knob should be turned on and then off several times in order to test the electrode resistance. 
6. Next, the amplitude of the resulting values should be measured. Place one maker the steady base line and then place the second at the peak to obtain the electrode resistance. 

Amplitude of response during ΩTEST		 _____________ (mV)

Capillary resistance 				_____________ (MegaOhms)

Experimental Recording
1. Use the electrode probe and microscope to insert the electrode into the muscle. Do not penetrate through the muscle. Instead, use the microscope and micromanipulator to find the thin layer of muscle fiber and to insert the electrodes into the fibers. The high intensity illuminator can be used as a light source when penetrating the muscle.

[image: D:\LabPictures\DSCN8551.JPG]
Figure 31: Insertion of electrode into the muscle.

6. Care must be taken to avoid damaging the nerve roots to the superficial muscles.

It is advisable to keep the saline bathing the preparations cool (10-15 degrees Celsius) and well oxygenated while carrying out the experimental procedures. If cooling units are not available replace the saline with fresh, cooled saline regularly. Oxygen gas, or at least air, should be bubbled through the saline.

7. Record the spontaneous activity of the EPSPs. Note the different sizes of the EPSPs and if IPSPs are present. 

DATA! For each of the following, measure the frequency of spikes per 0.5 second interval.  
	
Rep
	Treatment: Spontaneous Activity

	
	Frequency of EPSPs 
	Frequency of IPSPs

	 1
	
	

	2
	
	

	AVG
	
	



DATA! For each of the following, measure the amplitude of the 5 largest spikes per 5 second interval.  Calculate the amplitude of the spike from the baseline mV. 

	Rep
	Treatment:  Spontaneous Activity

	
	Amplitude of largest EPSP Spikes With Stimulation (mV)

	1
	

	2
	

	3
	

	4
	

	5
	

	AVG
	



2.3.2 Treatment 2:  Response to Stimulation Recordings.  Do this recording second!
Very carefully take a small paint bush and by hand stimulate along the cuticle edge within the same segment that one is monitoring the spontaneous activity. Note a change in frequency of the responses and if different size EPSPs appear that were not there prior to stimulating the cuticle.

DATA! For each of the following, measure the frequency of CAP spikes per 0.5 second interval.  
	Rep
	Treatment: Activity with Stimulation

	
	Frequency of EPSP Spikes With Stimulation 
	Frequency of IPSP Spikes with Stimulation

	 1
	
	

	2
	
	

	AVG
	
	



DATA! For each of the following, measure the amplitude (height) of the 5 largest spikes per 5 second interval.  Calculate the amplitude of the spike from the baseline mV. 

	Rep
	Treatment:  Activity with Stimulation

	
	Amplitude of largest Spikes With Stimulation (mV)

	1
	

	2
	

	3
	

	4
	

	5
	

	AVG
	




[image: ]
Figure 32: Preparation with stimulating brush and nerve roots. (modified from Strawn et al., 2000)

2.3.2 Treatment 3:  Response to Neuromodulator Exposure.  Do this recording last!
Cauton:  Wear gloves when handling the serotonin solution.  Serotonin is a potent neuromodulator in humans!

The stimulation procedure can be repeated after carefully exchanging the saline bath with one containing a neuromodulator such as serotonin (1 microM) or saline bubbled with CO2. Note the effect on the activity profile for a given stimulus. Also note if exchanging the saline back to fresh saline returns the activity to its initial condition.

DATA! For each of the following, measure the frequency of CAP spikes per 0.5 second interval.  
	Rep
	Treatment: Activity with Stimulation

	
	Frequency of EPSP Spikes With Stimulation 
	Frequency of IPSP Spikes with Stimulation

	 1
	
	

	2
	
	

	AVG
	
	



DATA! For each of the following, measure the amplitude (height) of the 5 largest spikes per 5 second interval.  Calculate the amplitude of the spike from the baseline mV. 

	Rep
	Treatment:  Activity with Stimulation

	
	Amplitude of largest Spikes With Stimulation (mV)

	1
	

	2
	

	3
	

	4
	

	5
	

	AVG
	



You are now finished with today’s laboratory exercise.  Please input your group’s data into the Excel spreadsheet on the instructor’s computer.  You only need to enter data from the crayfish experiments. 

Finishing up:
Please clean up your workstation before leaving the lab.  
1. Dispose of the crayfish abdominal prep and any remaining crayfish tissues in the trash. 
2. Purge/flush the crayfish saline from the electrodes. Dispose of any used crayfish saline down the sink.  
3. Refill your station’s crayfish saline stock solution and place on ice.
4. Clean and set-out to dry any dissecting equipment and glassware used by your group during today’s activities. 
5. Spray with disinfectant and wipe down your work station.
6. Dispose of any garbage (used papertowels, etc.) in the trash.



Post-Laboratory Report Content and Questions to Consider
1. Use the posted data to calculate and report averages and standard deviations for each of the data collected and posted.  Use the averages and standard deviations to address the questions for the overall experiment (what did you find).  Results may be presented in one of the following forms:  text, table or bar chart.  If presenting in table or figure form, be sure to summarize the results in the text and reference them (i.e. Table 1).  Use inferential statistics to identify significant differences in the results (One-way ANOVA is a good choice here).  Follow-up your results with a discussion (what do the results mean).   Wrap up your discussion with a clear and concise summary/conclusion statement.  NOTE: DO NOT FOCUS ON TECHNICAL/PROCEDURAL PROBLEMS OF THE LAB EXERCISE in your report.  The purpose of the lab report is for you to demonstrate your ability to deduct information from the experimental results, and convey your understanding of the physiological topics of interest.  Reports that focus on procedural problems, and do not convey a sense of physiological understanding will be severely penalized.   

Below are some additional questions to assist you in your discussion of the results, if needed. You are not required to specifically address these questions in your report, however, should you need help in directing your thoughts, these questions may be of some help.

2. How did the frequency of spikes differ amongst the three treatment groups?  Do such changes seem reasonable?   Back up your observations with a plausible explanation, and compare to those reported in outside published sources.  
3. How did the amplitude of spikes differ amongst the three treatment groups?  Back up your observations with a plausible explanation, and compare to those reported in outside published sources.  
4. Was there any evidence of IPSP activity in the recordings?  How was such activity identified? In other words, how could it be separated from the EPSP activity?  
5. Which response, frequency or amplitude, showed greater differences amongst the three treatment groups?  What does this mean physiologically?  
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