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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____Y_____  

Can you record movies/images using your own microscope camera? (Y/N)_____Y____  

If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: _____________________________________________

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)_____ Y (we originally said no, but we realized that a small portion does appear in the script, as described in item 6 of the protocol)___ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) _2.4, 2.5, 2.6, 3.2, 3.3, 3.4_________________________________________

Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) _3.2, 3.3__________________________

Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

E.  Will the filming need to take place in multiple locations? (Y/N) ____Y___ If yes, how far apart are the locations? __They are adjoining rooms about 15 ft. apart. (We originally answered N because it is really just one room with an “inside” surgery room.
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this procedure is to isolate and dissociate E17 mouse neuronal tissue in order to culture, record and stimulate neuronal networks on microelectrode arrays. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Monica La Russa Gertz: This method can help answer key questions in the study of network dynamics as they relate to the basic mechanisms of learning and memory.
1.2. Monica La Russa Gertz: The main advantage of this technique is that microelectrode arrays are able to record from multiple sites in cell culture simultaneously with better spatio-temporal resolution compared to the traditional glass pipettes on single site recording.  
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Zachary Baker: Though this method can provide insight into the network dynamics of learning and memory, it can also be used to investigate drug toxicity or design paradigms for next-generation personalized medicine.

1.4. Sharon Jose: Visual demonstration of this method is critical as manipulation of the tissue during the dissection and dissociation steps is difficult to learn from simply reading protocols alone.   
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.9. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at George Mason University.
Protocol: (read by voice talent at JoVE)
2. Embryo removal and brain extraction
2.1. To prepare the array, add 40-50 µL of thawed laminin to the center of each MEA [1-MED-over the soulder-TXT] and 0.2 mL of laminin to the control plates using sterile pipette tips [2-MED-over the shoulder]. Cover all the MEAs and the control dishes in the biohood and transfer them to an incubator at 37 °C for 1 h [3-MED-TXT]. 

2.1.1. *Film as written. Text: MEA: micro-electrode array
2.1.2. *Film as written
2.1.3. Talent places the covered MEAs and control dishes in the incubator. Text: 37 °C, 1 h
2.2. After 1 hour, carefully remove the excess laminin from the center of the MEAs using suction with sterile Pasteur pipettes [1-MED-over the shoulder] and let the surface air-dry before plating [2-CU].
2.2.1. Talent removes excess laminin from the center of the MEAs 
2.2.2. CU the MEAs  as they are drying
2.3. Next, pour L-15 medium into four 100-mm Petri dishes [1-MED-over the shoulder]. Cover them and place them at -20 °C freezer for about 40-60 minutes until the medium has a slushy consistency but is not frozen solid [2-MED-TXT].
2.3.1. *Film as written
2.3.2. Talent places the four Petri dishes in the freezer. Text: -20 °C, 40-60 min
2.4. To prepare for the dissection, place a glass Petri dish face down in a tray full of ice [1-MED-over the shoulder].  Now, spray the animal’s lower abdomen with 70% ethanol [2-CU]. Using the small surgical scissors, make a V-shaped cut through the skin and subcutaneous fat of the lower abdomen, extending the cut to the distal ends of the thoracic cavity and exposing the uterus [3-CU].

2.4.1. *Film as written
2.4.2. CU the animal as it’s lower abdomen is sprayed with ethanol
2.4.3. CU the animal’s lower abdomen as the skin and the subcutaneous fat are cut through and the cut is extended to the distal ends of the thoracic cavity and exposing the uterus
2.5. Using forceps, carefully lift the uterus between the embryos [1-CU]. Cut away the connective tissue with dissection scissors until the entire uterus is free [2-CU]. Then, briefly rinse the uterus with 70% ethanol to remove any blood [3-CU] and place it in one of the 4 Petri dishes filled with cold L-15 [4-CU].

2.5.1. CU the uterus as it is lifted 
2.5.2. CU the uterus as it is freed by cutting away the connective tissue
2.5.3. CU the uterus as it is rinsed by ethanol to remove blood
2.5.4. CU the uterus as it is placed in one of the 4 Petri dishes filled with cold L-15
2.6. Subsequently, release each embryo from the uterus and the interior embryonic sac using two pairs of fine-tipped forceps [1-MED-over the shoulder]. Place the freed embryos in the second dish full of cold L-15 [2-MED-over the shoulder]. Then, transfer the heads to the third Petri dish and the bodies to the fourth one [3-MED-over the shoulder].

2.6.1. *Film as written
2.6.2. *Film as written
2.6.3. *Film as written
3. Frontal cortex removal 

3.1. In a biohood, place a wedge of autoclaved filter paper on the chilled glass Petri dish stage and place one embryo head on the filter paper [1-MED]. Next, place the cutting edge of the lower sheer of the iris scissors into the base of the skull [2-CU].
3.1.1. Talent places an embryo head on the filter paper on the chilled glass Petri dish stage
3.1.2. CU the skull as the cutting edge of the lower sheer of the iris scissors is placed into its base
3.2. Keeping the lower sheer against the inner surface of the skull and away from the brain, cut through the occipital plate and then along the midline between the parietal plates [1-SCOPE]. Continue cutting rostrally, between the cartilaginous frontal skull plates [2-SCOPE]. Then, starting at the center of the occipital plate, make a perpendicular cut to the left and to the right of the center cut [3-SCOPE].
3.2.1. Show that the lower sheer is kept against the inner surface of the skull and away from the brain, the occipital plate is cut through and then along the midline between the parietal plates
3.2.2. Show the cut continues between the cartilaginous frontal skull plates
3.2.3. Show that a perpendicular cut is made to the left and to the right of the center cut

3.3. After that, carefully slide a small spatula between the ventral surface of the brain and the bottom skull plates until it is completely under the brain [1-CU]. Then, lift the spatula up to remove the brain [2-CU].

3.3.1. CU the brain and the skull plate as a small spatula is slid between the ventral surface of the brain and the bottom skull plates 
3.3.2. CU the brain as it is removed
3.4. Using a clean spatula, first remove the olfactory bulb, then dissect the frontal lobe in a trapezoidal pattern [1-CU]. Next, transfer the tissue to a 15-mL centrifuge tube containing storage medium [2-MED].
3.4.1. CU the brain as the olfactory bulb is moved and the frontal lobe is dissected in a trapezoidal pattern
3.4.2. *Film as written
4. Cell dissociation
4.1. In this procedure, use two sterile scalpel blades to mince the tissue [1-MED-over the shoulder]. Then, add 2.5 mL of the DNase/papain mixture to the minced tissue in the Petri dish [2-CU]. Gently swirl the Petri dish to ensure that all tissue is free in the solution and not adhered to the bottom of the dish [3-CU]. Afterward, place the dish in an incubator 37 °C for 15 minutes [4-MED-TXT]. 

4.1.1. *Film as written
4.1.2. CU the minced tissue as 2.5 mL of the DNase/papain mixture is added

4.1.3. CU the tissue as the Petri dish is swirled to free it in the solution
4.1.4. Talent places the dish in the incubator. Text: 37 °C, 15 min
4.2. In the biohood, use a sterile, wide-bore transfer pipette to transfer all the media and tissue to a 5-mL sterile, cryogenic tube [1-MED]. Place the tip of the same transfer pipette close to the bottom of the tube and gently triturate the mixture 10-15 times [2-CU]. 

4.2.1. *Film as written
4.2.2. CU the tube as the mixture is being triturated
4.3. Then, add 2 mL of warmed DMEM 5/5 to the dissociated cell mixture and cap the centrifuge tube [1-CU-TXT]. Gently mix it by inversion and centrifuge it at 573 x g for 5 minutes at room temperature [2-MED-over the shoulder-TXT]. 

4.3.1. CU the cell mixture as 2 mL of warmed DMEM 5/5 is added. Text: See Table 5 in the accompanying manuscript for DMEM 5/5’s composition
4.3.2. Talent mixes the sample and places it in the centrifuge. Text: 573 x g, 5 min, RT
4.4. In the biohood, discard all the supernatant without breaking the pellet [1-MED]. Subsequently, add 1 mL of warmed DMEM 5/5 to the pellet in the tube to re-suspend the cells [2-CU]. Use a sterile, small-bore transfer pipette to break up the pellet by gently pipetting up and down until the mixture is homogenous [3-CU]. 

4.4.1. *Film as written
4.4.2. CU the tube as 1 mL of warmed DMEM 5/5 is added to the pellet
4.4.3. CU the mixture as it is pipetted up and down
4.5. Then, transfer 10 µL of the cell suspension to a microcentrifuge tube [1-MED]. Outside of the biohood, add 10 µL of Trypan blue to 10 µL of cell suspension in the microcentrifuge tube [2-MED-over the shoulder]. Then, load 10 µL of the Trypan blue cell suspension onto a disposable hemocytometer chip in order to count the cells [3-CU].

4.5.1. *Film as written
4.5.2. *Film as written
4.5.3. CU the hemocytometer chip as Trypan blue cell suspension is loaded onto it
5. Plating cells and maintaining the cultures

5.1. In the biohood, use a sterile micropipette to transfer 50 µL of cell suspension to the center of each array and each control Petri dish [1-MED-over the shoulder]. Then, place the covered Petri dishes in an incubator set to 37 °C for 3-4 hours [2-MED-TXT].

5.1.1. *Film as written
5.1.2. Talent places the Petri dishes in the incubator. Text: 37 °C, 10% CO2, 3-4 h
5.2. Next, gently add 1 mL of warmed DMEM 5/5 to each MEA [1-MED-over the shoulder]. Carefully add the medium one drop at a time around the inside edges of the MEA and avoid washing the cells away from the array center [2-CU]. Afterward, place a cap containing a gas-permeable FEP membrane on each MEA before returning them to the incubator [3-CU-TXT].
5.2.1. *Film as written
5.2.2. CU the MEA as the medium is added one drop at a time around the inside edges
5.2.3. CU the MEA as the cap containing a gas-permeable FEP membrane is placed on it. Text: FEP: fluorinated ethylene propylene
5.3. After two days, perform a complete medium replacement with warmed DMEM+ by drawing out the medium from the dish [1-MED-TXT]. Carefully place the tip of the pipette on the inside wall and dispense 1 mL of warm DMEM+ [2-CU]. For the subsequent feedings, draw out 500 µL of medium from the dish and dispense 500 µL of warm DMEM+ again [3-MED-over the shoulder].

5.3.1. Talent draws out the medium from the dish. Text: See Table 5 in the accompanying manuscript for DMEM+’s composition
5.3.2. CU the pipette tip as it dispenses 1 mL of warm DMEM+ 
5.3.3. *Film as written
6. Visual inspections and recording 

6.1. In this procedure, inspect the dish samples every other day [1-MED] under a microscope to look for cell coverage over the array and contamination by either bacteria or fungi [2-LM]. 

6.1.1. Talent places the sample under the microscope

6.1.2. *To be submitted by authors. An image to show the cell coverage over the array 
6.2. Before taking the cultures out of the incubator, plug in the temperature controller and turn on the system, allowing the heated base plate of the preamplifier to reach 35 °C [1-MED]. Then, place the capped culture in the preamplifier so that the black line in the MEA well aligns with the reference ground [2-CU]. Ensure that the preamplifier pins line up, so that the top of the preamplifier is secured, and the culture cap is still on [3-CU].

6.2.1. Talent plugs in the temperature controller and turns on the system
6.2.2. CU MEA well as the black line in it aligns with the reference ground
6.2.3. CU the preamplifier to show its pins line up and the top is secured
6.3. Next, press “Start” in the software environment to start visualizing the signals [1-MED-over the shoulder]. In the main window, select “Spikes”, “Detection”, “Automatic”, change the “Std Dev” value to “-5”, and click “refresh” to reset the threshold [2-SCREEN]. After recording, click “Stop”, “Record”, and “Play” [3-SCREEN].
6.3.1. Talent presses “Start” on the computer monitor

6.3.2. Show that in the main window, “Spikes”, “Detection”, “Automatic” are selected, the “Std Dev” value is changed to “-5”, and “refresh” is clicked to reset the threshold
6.3.3. Show that at the end of recording, “Stop”, “Record”, and “Play” are clicked
7. Results: Trained networks have significantly altered spike frequencies 
7.1. Embryonic mouse neurons are plated on 60-channel MEAs, which allow for the simultaneous recording of the neuronal activity across the network from each electrode [1-LM].
7.1.1. 55726fig12large.jpg: Show the images (first the 1st left, then add the 2nd left, then add the 3rd left, then add the 4th one)
7.2. Here is a representative raster plot of activity from eight electrodes in response to stimulation before and after training [1-LM]. The vertical red line indicates the time of the stimulus, and the black tick marks indicate action potentials [2-LM]. In pre-training, there is an immediate response to the stimulus pulse across channels [3-LM]. In post-training (B), the network exhibits a more prolonged activity response, as well as the immediate response to the stimulation [4-LM].

7.2.1. 55726fig14large.jpg: Show the upper graph (without red line)
7.2.2. 55726fig14large.jpg: Add red line in the upper graph

7.2.3. 55726fig14large.jpg: Circle some of the black ticks (within the first 10 minutes) as shown below (indicated by dotted circle)
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7.2.4. 55726fig14large.jpg: Show the lower graph

7.3. Shown here is the average of 12 trained and 10 control networks [1-LM]. The trained networks indicate significantly altered spike frequencies [2-LM]. 

7.3.1. 55726fig15large.jpg: Show the graph
8. Conclusion (said by authors on camera)

8.1. Monica La Russa Gertz: After watching this video, you should have a good understanding of how to isolate and dissociate neuronal tissue from the embryonic mice, and be able to culture, record and stimulate neuronal networks on microelectrode arrays.  
Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.

General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.
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