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Short Abstract: 
We describe the isolation of the stomatogastric nervous system (STNS) of the American lobster (Homarus Americanus).	

Long Abstract: 
With the goal of understanding how nervous systems produce activity and respond to the environment, neuroscientists turn to model systems that exhibit the activity of interest and are accessible and amenable to experimental methods.  The stomatogastric nervous system (STNS) of the American Lobster (Homarus Americanus; also know was the Atlantic or Maine lobster) has been established as a model system for studying rhythm generating networks and neuromodulation of networks.  The STNS consists of 3 anterior ganglia (2 commissural ganglia and an oesophageal ganglion) containing modulatory neurons that project centrally to the stomatogastric ganglion (STG).  The STG contains approximately 30 neurons that comprise two central pattern generating networks, the pyloric and gastric networks, that underlie feeding behaviors in crustaceans1,2.  While it is possible to study this system in vivo3, the STNS continues to produce its rhythmic activity when isolated in vitro.  Physical isolation of the STNS in a dish allows for easy access to the somata in the ganglia for intracellular electrophysiological recordings and to the nerves of the STNS for extracellular recordings.  
We describe a two-part process of isolating the STNS.  First the stomach with the attached STNS is dissected from the animal.  Second, the STNS is dissected from the stomach and pinned in a saline-filled dish.  The nervous system is thus available for electrophysiological recordings.  
Protocol Text: 
Part I: Gross Dissection
1. Before dissection the lobster should be on ice for 30 minutes to anesthetize the animal.
2. At the beginning of a dissection the sex of a lobster is determined by looking the shape of the first swimmeret. (Male = boney; female = feathery)
3. Isolate the cephalothorax.
a. Use a twisting motion to rip off the front claws.
b. Remove the abdomen (tail portion):
i. Using the large scissors make a deep cut between the cephalothorax and abdomen. This cuts the giant fiber tracts controlling the tail flip response.
ii. Proceeded to cut off the abdomen.
c. Trim the antenna.
4. Remove the carapace from around the stomach, (i.e. the head region between the cervical groove and the rostrum).
a. Starting on the lateral edge of this section use rongeurs and spatula to carefully remove hard carapace, while leaving the reddish underlying hypodermis intact. The spatula is useful for separating the layers so that the carapace can be broken off with the rongeurs.
b. Moving toward the eyes you find bilateral lightly calcified small oval plates (ossicle IIIa). Using the small scissors carefully detach muscle as close as possible to these ossicles.
c. Using spatula and rongeurs remove carapace from between the eyes and the caudal few centimeters of the rostrum.
5. Detach the face (region including eyes, rostrum, and antenna).
a. Using small scissors make a horizontal cut across most rostral exposed tissue to detach it from exoskeleton. Then use edge of scissors and/or spatula to carefully roll tissue caudally, just past the level of the above mentioned oval plates.
b. Starting dorsally, use small scissors to detach remaining tissue from face exoskeleton. Cutting as close to the hard carapace as possible, and stopping when you get near the center and attachment of the mouth.
c. From ventral view the mandibles should be easily visible. Detach the outer, or third maxiliped.
d.  Under the mandibles is a soft lip. Make lateral cuts to detach face while keeping the lip attached to the stomach. (There is a slightly curved bluish outer mouth part that can be used as a guide.) 
6. Detach and remove the stomach.
a. Hold lobster in the palm of your hand, ventral side up and so the anterior end is toward your elbow.
b. Grip lip with hemostat.
c. Using small scissors cut out mandibles.
d. Locate the dorsal side of the ventral body wall, which forms a hard “shelf” ventral to lip and stomach, and cut very closely below across the entire medial-lateral midline.
e. Turn lobster so dorsal side up. Cut along the edge of the removed carapace and pull stomach out (some intestines may come along).
f. Detach any extra intestines.
7. Open the stomach and prepare for pinning.
a. Hold stomach in the palm of your hand, with hemostat attached to the lip between your fingers and the hypodermis-side down.
b. Use small scissors make a shallow anterior – posterior cut from the mouth opening (below the lip) to the pylorus to open up the stomach.
c. Make two medial to lateral cuts to further open the stomach. These cuts can be made by following the ossicle running across the center of the stomach.
d. Cold saline maybe poured into the stomach to improve visibility and expel stomach contents.
e. In order to allow the preparation to lay flat in the dissecting dish use the small scissors to trim the three gastric teeth.
8. Pin the stomach down in the dissection dish.
a. In a saline filled dissection dish place hypodermis- side up.
b. Place insect pins at the lip, and the four corners created when the stomach was opened up.  For the anterior corners place pins high and close to the edge, as not to disturb the CoGs or ions. For the posterior corners place pins slightly high as to not disturb the pyloric dilator muscle.

Part II: Fine Dissection
1. Pin the esophagus.	
a. Orient the dish so that anterior (by the lip) is away from you and posterior (by the pylorus) is towards you.  
b.  Pin down the esophagus on each side of the lip. 
c.  If necessary, rearrange the pins to pin the stomach flat and taut. 
2. Remove the hypodermis. 
a. Grab the hypodermis near the gm2/gm3 muscles and gently pull in the anterior direction.  	
b. Separate the hypodermis from the underlying fat by snipping or clearing away any connections.  
c. Carefully separate the hypodermis from the central artery by clearing away connections with the closed tips of your scissors.  Leave the hypodermis intact within about a 0.5cm radius of the STG, which sits between the g.m.1b muscles.
d. Once the hypodermis has been separated from everywhere except near the STG, cut the hypodermis off. 
3. Detach the brain from the underlying tissue.  
a. Identify the two large commissural nerves that project bilaterally from the anterior portion of the brain to the CoGs in the anterior portion of the stomach.  
b. Leaving these nerves intact, separate the brain from the rest of the tissue.  Be careful as you do this, the stn is underneath the brain. 
4. Separate the CoGs from surrounding the tissue.
a. Follow one the commissural nerves to one of the CoGs.  
b. Identify the ion and son – these nerves must remain intact.  The CoG will have many nerves radiating out.  Cut most of them (except the ion and son), but leave one extra nerve attached to hold the CoG in place while you finish the dissection.  
c. Repeat with the other CoG.
5. Clean the ion and son from lateral to medial.  The EoG sits were the ions intersect. You can clear below it by grabbing the inferior ventricular nerve and pulling up to cut underneath. 
6. Separate the STG from surrounding the tissue. 
a. The STG sits inside an artery that runs medially between the g.m.1b muscles, down to the g.m. 2a,b muscles.  Look for the cut end of the artery near the g.m. 2a,b muscles, and pull it up and anteriorly, to expose the dvn.  
b. Cut off the muscle flap that was situated in the rostrum of the lobster.  
c. Lift up the hypodermis above the artery, which forms a tunnel inside the fat above the STG.  Put one blade of your scissors inside the artery and cut the muscle above it. Check that you can see the dvn as you cut to be sure you are safely above the STG.  Continue cutting anteriorly, following the artery.  As you cut above the STG, you will be able to see the stn emanating anteriorly from the STG and diving down into the muscle. 
7. Separate the agns from the surrounding tissue. Even if you do not plan to record from the agn, you will need a portion of the intact nerve to pin down the ganglion for intracellular recordings.
a. To provide better illumination around the agns, trim the muscle that is above and lateral to the STG.  This muscle can block the light from the light source. 
b.  Just posterior to the STG, look for a dark tunnel in the fat and muscle on either side of the dvn.  
c. Stick one scissor blade inside the tunnel and cut the tissue above the nerve.  Continue cutting laterally, following the nerve, to isolate it.  A couple millimeters is sufficient for pinning the ganglion, at least 5 mm is better if you plan to record from the agn.
d. Repeat on the other side to isolate the other agn. 
e. Once you've dissected the agns, cut all the muscles and tissue connecting the STG to the stomach.
8. Isolate the mvns. They are a bilateral pair of small nerves branching off the lvn and traversing laterally underneath the fat.  
a. Either use scissors to cut, or use two forceps to break through the fat on one side of the dvn, near where it branches into the two lvns.  Here you are far from the mvns and won't risk cutting them.  Lift up the fat layer, and look underneath for a small nerve.  The mvns run medial to laterally just caudal to the level of the g.m. 1b muscles.
b.  Remove the layer of fat above the mvn, leaving the nerve intact for now so it won't become tangled. You will cut its lateral end when you are finished with the nervous system dissection. 
c. Repeat on the other side to isolate the other mvn. 
9. Isolate the lvns and posterior nerves.  
a. Starting where the lvns branch laterally off the dvn, follow an lvn by cutting the fat above it.  Be aware that the dorsal gastric nerves branch off of the lvn; do not cut them if you plan to record from them.  Depending on the preparation, sometimes the entire fat layer above the nerve can be pulled off.
b. Continue revealing the lvn until the point where the psn branches off. 
10. Isolate the pyn. 
a. Locate the pyn as a nerve travelling anteriorly over the pylorus. 
b. Cut a small section of the pylorus, attached to the pyn.
c. Gently lifting the pyloric section, cut away the tissue on either side of the pyn, until you reach the branch that attaches to the pdn. 
11. Isolate the pdn.
a. Locate the pdn as a nerve travelling anteriorly from the pyloric dilator muscle.  
b.  Cut a small section of the pyloric dilator muscle, attached to the pdn. 
c.  Gently lifting the pyloric dilator muscle section, cut away the tissue on either side of the pdn until you reach the branch that attaches to the pyn.
12. Isolate the ventral lvn, that connects the pyn and pdn to the lvn. 
a. Near the triangular branch point where the pyn and pdn connect to the ventral lvn, isolate any small section of nerve that branches off the ventral lvn ( such as the vpln).  This will be used as a handle to pull on the ventral lvn. 
b. Lifting on the handle, cut away the tissue on either side of the ventral lvn, working anteriorly until you reach the point where the psn branches off.  
13. Repeat steps 10 – 13 to isolate the lvn and posterior nerves on the other side. 
14. Detach the stomatogastric nervous system.
a.  At the posterior end, pull on one of the psns and cut all tissue and nerves (except for the pdn and pyn) that are attached to the lvn and ventral lvn.  Repeat on the other side.  
b.  Cut the lateral end of each mvn.  Lift the lateral end and cut any attachments to the mvn. 
c. At the anterior end, cut any attachments to the CoGs, and cut the labial nerve on each side. 
d. Visually scan the stomatogastric nervous system for any additional attachments to the stomach tissue. 
e. Grab onto the anterior end of both commissural nerves, above the CoGs, and peel the stomatogastric nervous system off the stomach and to the side.  Cut any additional attachments. 
15. Prepare the small dish.
a. To decrease the hydrophobicity of the Sylgard, unpin the stomach from the large dish (or cut off a portion of muscle) and rub it thoroughly on the surface of the Sylgard in the small dish. 
b.  Remove large particles of muscle from the Sylgard by rinsing with saline. 
c. Fill the small dish with saline. 
16. Pin the STNS in the small dish.
a. Grabbing the anterior ends of both commissural nerves, lift the STNS out of the large dish and lay it in the small dish. 
b. Using minuten pins and pins cut from tungsten wire, pin the STNS in the small dish, so it is positioned similar to Figure 2. 
c. Ensure the preparation is dorsal side up by checking that the inferior ventricular nerve is pointing away from the Sylgard. 
d. Remove the brain and pin the commissural nerves. 
e. Remove the pyloric dilator muscle from the pdns, and pin the pdns. 
f. Remove the pyloric segment from the pyns, and pin the pyns. 
17. Desheath the STG.
a. Ensure the STG is flat against the Sylgard and held taut by the lateral agns, the anterior stn and the posterior dvn. 
b. Arrange the lighting to enable visualization of the axons within the dvn. 
c. Using a small pin or fine tungsten needle, make a small hole in the dvn, just posterior to the STG.  
d. Pull the needle across the dvn, dorsal to the axons, to create a horizontal tear in the nerve sheath. 
e. Grab the flap of nerve sheath posterior to the STG and pull anteriorly to remove the sheath from the dorsal side of the STG. 

Results:
The intact STNS should be pinned taut against the Sylgard dish and positioned as shown in Figure 1.  The nerves should be free of damage and accessible for extracellular recordings.  The cell bodies of the intact STG should be visible and accessible for intracellular recordings. 

Discussion: 
The anatomy of lobster stomach and STNS has been well described previously4,5, and variations of this dissection procedure have been utilized in numerous studies.   We recommend becoming familiar with the anatomy of the stomach4-6 (Fig. 1) and STNS4,7 (Fig. 2) prior to beginning dissections.  Such familiarity will decrease the risk of accidental damage to nerves and tissue. 
To maintain the health of the preparation, it is critical to maintain the preparation at a cool temperature.  This is easily achieved by exchanging the saline every 30 mins with 4˚C saline kept in a refrigerator.  When immersed in cold saline, the isolated STNS preparation is viable for many hours. Recordings in related Homarus gammarus have demonstrated stable rhythmic activity from the STG throughout 5 days in vitro8; similar robustness has been seen in H. americanus (pers. obs.). 	
Modulatory input to the STG from the commissural ganglia is required to preserve the ongoing motor patterns.  The dissection we describe preserves several motor nerves (containing motor neuron axons): the agns (containing Gastric Mill (GM) axons), the mvns (containing Lateral Gastric (LG) and Inferior Cardiac (IC) axons), the pyns (containing Pyloric neuron (PY) axons), the pdns (containing Pyloric Dilator (PD) axons), and the lvns (containing Lateral Pyloric (LP), Medial Gastric (MG), LPG axons as well as those from GM, PD and PY).   By dissecting additional (or different) nerves, other motor neuron axons may be recorded.  Each individual type of motor neuron axon may be recorded individually by dissecting and recording from the nerve innervating the muscle to which that type of neuron projects. 
This preparation may be used for a variety of studies focused on nervous system function.   The activity of the neurons may be recorded either using intracellular, sharp electrode recordings from somata or axons, or by recording electrical impulses extracellularly from the nerves.  Many ion channels in the STG neurons have been partially cloned and mRNA can be measured from manually pulled somata9,10. 
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Table of specific reagents and equipment:
The instruments listed below are those that were used in the video. There are other sources for many of these materials with the exception of those noted.
	Supplies
	Company
	Catalogue number
	Comments
	

	Homarus americanus
	Commercial Lobster
	
	
	Gross Dissection

	Black Sylgard 170
	Dow Corning
	170
	
	

	Preparation Dish
	Fischer 
	08-807
	Fill 2" with Black Sylgard 170.
	

	Fine Scissors
	FST
	14090-09
	
	

	Insect Pins size 6
	FST
	26000-65
	
	

	Mayo Scissors
	This is a common product offered by many suppliers of dissecting tools.
	

	Micro-Spatula
	Ward Sci.
	15 V 4313
	This is a very common product offered by many suppliers of lab tools.
	

	Rongeurs
	FST
	16000-14
	
	

	Plastic hemostat
	This is a common product offered by many suppliers of dissecting or jewelry making tools.
	

	Fine Tungsten Wire (0.001 in. diameter)
	California Fine Wire
	
	
	Fine Dissection

	Forceps #5
	FST
	91150-20
	
	

	Minuten Pins
	FST
	26002-10
	
	

	Moria Spring Scissors (7mm blades)
	FST
	15370-52
	These are the top of the line. There are more economical spring scissors available from the same company.
	

	Petri Dish (100x15mm)
	Fischer
	08-757-12
	Fill 2-4mm with Sylgard 182.
	

	Pin Holder
	FST
	26018-17
	Optional. Desheathing can be done with scissors and fine forceps alone.
	

	Super fine forceps #5SF
	FST
	11252-00
	
	

	Sylgard 182	
	Dow Corning
	182
	
	

	Tungsten Needles
	FST
	10130-05
	Optional. Desheathing can be done with scissors and fine forceps alone.
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Abbreviations:

STNS	Stomatogastric nervous system
STG		Stomatogastric ganglion
CoG 	Commissural ganglion
stn		stomatogastric nerve
mvn	medial ventricular nerve
ion		inferior oesophageal nerve
son		superior oesophageal nerve
agn 	anterior gastric nerve
dvn		dorsal ventricular nerve
lvn		lateral ventricular nerve
psn		posterior stomach nerve
vpln	ventral posterior lateral nerve
pyn		pyloric nerve
pdn		pyloric dilator nerve


Figure legends
1. Figure_1.jpg: Gross anatomy of the Homarus americanus. Adapted from Marder and Bucher, 2007. 
2. Figure _2.jpg:  Anatomy of the Homarus americanus stomatogastric nervous system. Adapted from Bucher et al, 2006. 
