[image: ] FINAL SCRIPT: APPROVED FOR FILMING


Submission ID #:  60989
Scriptwriter Name: Anastasia Gomez
Project Page Link: https://www.jove.com/account/file-uploader?src=18601693

Title:   Ballistic Labeling of Pyramidal Neurons in Brain Slices and in Primary Cell Culture

Authors and Affiliations: 

Hailong Li1, Kristen A McLaurin1, Charles F. Mactutus1, Rosemarie M. Booze1 

1Program in Behavioral Neuroscience, Department of Psychology, University of South Carolina, Columbia, South Carolina, USA

Corresponding Authors: 
[bookmark: _Hlk25233958]
Rosemarie M. Booze		(booze@mailbox.sc.edu)

Email Addresses for Co-authors: 

Hailong Li 			(hailong@mailbox.sc.edu)
Kristen A. McLaurin		(mclaurik@email.sc.edu)
Charles F. Mactutus		(mactutus@mailbox.sc.edu)
Rosemarie M. Booze 		(booze@mailbox.sc.edu)



Author Questionnaire 

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique?  No.  

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  No.

3. Filming location: Will the filming need to take place in multiple locations?   No.


Introduction

1. Introductory Interview Statements

1.1. Charles F. Mactutus: This protocol makes it possible to evaluate potential morphological alterations in neurons and dendritic spines that may underlie neurochemical and behavioral abnormalities.

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


1.2. Charles F. Mactutus: It is unique and useful for visualizing neurons in different brain regions in rats, which, in combination with sophisticated reconstruction software, allows researchers to elucidate the possible mechanisms underlying neurocognitive dysfunction.

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


Introduction of Demonstrator on Camera


1.3. Rosemarie M. Booze: Demonstrating the procedure will be HAILONG LI, a Research Associate from my laboratory.   
1.3.1. INTERVIEW: Author saying the above. 
1.3.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera.

Ethics Title Card
1.4. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at the University of South Carolina.

Protocol
2. Preparation of Dil/Tungsten Bead Tubing

2.1. Begin by preparing PVP solution according to manuscript directions [1-TXT]. Fill the tubing with PVP, leave it for 20 minutes [2], and expel it through the other end with a 10-milliliter syringe [3].  

2.1.1. WIDE: Establishing shot of talent at the lab bench preparing PVP. TEXT: PVP = polyvinylpyrrolidone
2.1.2. Talent filling tubing with PVP and leaving it to incubate. 
2.1.3. Talent expelling the PVP with a syringe. 

2.2. Combine 170 milligrams of tungsten microcarrier beads with 250 microliters of methylene chloride [1-TXT], then thoroughly vortex the suspension [2]. Next, add 6 milligrams of lipophilic Dil-C18-3 (pronounce “dil-C-18-3”) dye to 300 microliters of methylene chloride and vortex [3].  

2.2.1. Talent adding beads to methylene chloride. TEXT: CAUTION! Tungsten beads can cause skin and eye irritation 
2.2.2. Talent vortexing the suspension. 
2.2.3. Talent adding dye to methylene chloride. 

2.3. Pipette 250 microliters of the tungsten bead suspension onto a glass slide [1], wait for the suspension to airdry, and add 300 microliters of the dye solution [2]. Once dried, use a razor to split the mixture into two 1.5-milliliter centrifuge tubes and fill the tubes with water [3]. Videographer: This step is important!

2.3.1. Talent adding beads to slide. 
2.3.2. Air dried slide, then talent adding the dye to it. 
2.3.3. Talent placing half of the mixture into a centrifuge tube and then filling it with water. 

2.4. Sonicate the mixture in a water bath until homogeneous, making sure that the sonicator tip lies directly on the tubes [1]. Combine the two mixtures in a 15-milliliter conical tube [2] and sonicate for another 3 minutes, making sure that no large clumps of dye-coated beads remain [3]. Videographer: This step is important!

2.4.1. Talent operating the sonicator, with the tip in contact with the tubes. 
2.4.2. Talent adding the mixtures to the 15-milliliter tube. 
2.4.3. Talent sonicating the mixture. 

2.5. After sonication, draw the mixture into the PVP-coated tubing with a 10-milliliter syringe [1] and feed the tubing into the preparation station [2]. Rotate the tubing for 1 minute [3], then carefully remove all the water using a syringe [4]. 

2.5.1. Talent drawing the mixture into the tubing. 
2.5.2. Talent feeding the tubing into the preparation station. 
2.5.3. Tubing rotating. 
2.5.4. Talent removing water from the tubing. 

2.6. Turn on the nitrogen gas and adjust the nitrogen flow to approximately 0.5 liters per minute [1], rotate the tubing in the preparation station [2], and dry it with nitrogen for 30 minutes [3]. 

2.6.1. Talent turning on the nitrogen. 
2.6.2. Tubing rotating in the station. 
2.6.3. Tubing being dried with nitrogen. 

2.7. Remove the tubing from the station [1] and cut it into 13-millimeter segments with a tubing cutter [2-TXT]. 

2.7.1. Talent removing tubing from the station. 
2.7.2. Talent cutting the tubing. TEXT: Store segments in scintillation vials in the dark


3. Preparation of Brain Sections

3.1. Make sure that the rat is not responsive to noxious stimuli and reflexes are absent, then secure it in a supine position [1]. Make an incision along the thoracic midline [2], separate the diaphragm, and open the chest with scissors [3]. Then, insert a 20-gauge, 25-millimeter needle into the left ventricle [4]. 

3.1.1. Talent securing the rat in a supine position. 
3.1.2. Talent making the incision. 
3.1.3. Talent separating the diaphragm and opening the chest. 
3.1.4. Talent inserting the syringe into the left ventricle. 

3.2. Immediately cut the right atrium with scissors [1] and perfuse 50-milliliters of 100 millimolar PBS with a 5 milliliters per minute flow rate [2]. Then, perfuse 100 milliliters of 4% PFA buffered in PBS [3].  

3.2.1. Talent cutting the right atrium. 
3.2.2. Talent perfusing with PBS. 
3.2.3. Talent perfusing with PFA. 

3.3. After perfusion, remove the entire rat brain [1] and postfix it with 4% PFA for 10 minutes [2-TXT]. Use a rat brain matrix to cut 500-micrometer thick coronal sections. Make a first cut and keep the blade in place, then make a second cut with a second blade and vertically remove the first blade, keeping the tissue on the blade surface [3]. Videographer: This step is important and difficult!

3.3.1. Talent removing the brain. 
3.3.2. Talent fixing the brain. TEXT: Do NOT postfix for more than 30 minutes!
3.3.3. Talent cutting sections. 

3.4. Place the brain slices in a 24-well plate with 1 milliliter of PBS in each well and repeat the process until all slices have been cut [1]. 

3.4.1. Talent putting a brain slide in a well. 


4. Ballistic Labeling and Visualization of Brain Sections

4.1. Remove PBS from each targeted well [1], load the cartridge with a piece of Dil-Tungsten tubing [2], and place it into the applicator [3]. 

4.1.1. Talent removing PBS from a few wells. 
4.1.2. Talent loading the cartridge. 
4.1.3. Talent placing the cartridge into the applicator.

4.2. Put a piece of filter paper between 2 mesh screens [1] and connect the applicator to the helium hose [2], then adjust the output pressure of helium to 90 pounds per square inch [3]. 

4.2.1. Talent putting filter paper between 2 mesh screens. 
4.2.2. Talent connecting the applicator to the helium hose. 
4.2.3. Talent adjusting the output pressure of helium. 

4.3. Place the applicator vertically on the center of the targeted well, 1.5 centimeters between the sample and the mesh screen [1]. Then, fire the Dil-Tungsten tubing [2]. Load the cartridge with the next tubing and continuously fire the beads from the tubing on the remaining slices [3]. 

4.3.1. Talent positioning the applicator on the well. 
4.3.2. Talent firing the tubing. Videographer: Obtain multiple reusable takes of this shot, it will be reused in 5.2.3.
4.3.3. Talent loading the next cartridge.

4.4. Fill the 24-well plate with 100 millimolar PBS [1] and wash the slices 3 times with 500 microliters of fresh PBS, making sure that the slices do not flip over during the wash [2]. When finished, add 500 microliters of fresh PBS to the slices [3] and incubate them for 3 hours at 4 degrees Celsius in the dark [4]. 

4.4.1. Talent filling the plate with PBS. 
4.4.2. Talent washing slices in PBS. 
4.4.3. Talent adding PBS to slices. 
4.4.4. Talent placing slices in the fridge. 

4.5. After the incubation, use a fine brush to transfer the brain slices onto glass slides [1] and immediately add 1 milliliter of antifade mounting medium to each section [2]. Place a 22 by 50-millimeter coverslip over the sections and dry the slides in the dark for 2 days [3]. 

4.5.1. Talent transferring a brain slice onto a slide. 
4.5.2. Talent covering the slide with mounting medium. 
4.5.3. Talent placing the coverslip over the sections. 

4.6. Turn on the confocal microscope system and switch to a 60 X objective [1]. Adjust the imaging settings according to manuscript directions and obtain Z-stack images for the targeted neuron type based on brain region boundaries and morphological characteristics of neurons [2].

4.6.1. Talent turning the microscope on and switching to a 60 X objective. 
4.6.2. Talent adjusting the settings of the microscope and beginning image acquisition. Videographer: Film the screen as talent performs these actions. 

5. Cell Culture Method

5.1. Isolate primary cortical neurons from F344-N rats at postnatal day one and culture them in a 35-millimeter glass bottom dish for one week, refreshing half of the medium on the third day after isolation [1]. 

5.1.1. Talent putting a dish with the cells in the incubator. 

5.2. Wash the dish twice with 1 milliliter of 100 millimolar PBS [1] and fix the cells with 4% PFA for 15 minutes at room temperature [2]. Ballistically label the cells as previously described [3] and wash them 3 more times with 1 milliliter of PBS [4]. 

5.2.1. Talent washing the dish with PBS. Videographer: Obtain multiple reusable takes of this shot, it will be reused in 5.2.4.
5.2.2. Talent adding PFA to the cells. 
5.2.3. Use 4.3.2. 
5.2.4. Use 5.2.1. Authors: Is it ok to reused shot 5.2.4 here? Will the cells be in the same dish at this point? 

5.3. Add 500 microliters of PBS to the cells and incubate them for 3 hours at 4 degrees Celsius in the dark [1]. Then, add 200 microliters of antifade mounting medium and obtain Z-stack images for each targeted neuron [2]. 

5.3.1. Talent putting the cells in the fridge and closing the door. 
5.3.2. Talent at the microscope imaging cells. 


Results
6. Results: Analysis of Pyramidal Neurons Using Ballistic Labeling Technology 

6.1. Typical pyramidal neurons in the hippocampal region in the rat brain sections were identified with ballistic labeling technology, characterized by one large apical dendrite and several smaller basal dendrites around the soma [1].

6.1.1. LAB MEDIA: Figure 2 A. 

6.2. Neuronal reconstruction quantitative analysis software was used to trace dendritic branches and detect spines [1]. Subsequently, the software was used to assess the dendritic branching complexity [2] and neuronal arbor complexity [3].

6.2.1. LAB MEDIA: Figure 2 B. 
6.2.2. LAB MEDIA: Figure 2 C and D. Video Editor: Emphasize C. 
6.2.3. LAB MEDIA: Figure 2 C and D. Video Editor: Emphasize D.

6.3. Morphological changes in dendritic spines were assessed [1] using length [2], volume [3], and head diameter [4]. 

6.3.1. LAB MEDIA: Figure 3 A. 
6.3.2. LAB MEDIA: Figure 3 A. Video Editor: Emphasize the first bar graph (length). 
6.3.3. LAB MEDIA: Figure 3 A. Video Editor: Emphasize the middle bar graph (volume).
6.3.4. LAB MEDIA: Figure 3 A. Video Editor: Emphasize the last bar graph (head diameter).

6.4. Then, spines were classified [1] into thin [2], stubby [3], and mushroom spines [4] and the relative frequency of the number of spines between each radius was examined [5].

6.4.1. LAB MEDIA: Figure 3 B. 
6.4.2. LAB MEDIA: Figure 3 B. Video Editor: Emphasize the first graph (thin).
6.4.3. LAB MEDIA: Figure 3 B. Video Editor: Emphasize the middle graph (stubby).
6.4.4. LAB MEDIA: Figure 3 B. Video Editor: Emphasize the last graph (mushroom).
6.4.5. LAB MEDIA: Figure 3 B.

6.5. Furthermore, the ballistic labeling technique was validated on a primary pyramidal neuron in cell culture [1]. Pyramidal neurons were identified based on the triangle shape of the soma and large apical dendrite [2].

6.5.1. LAB MEDIA: Figure 4. 
6.5.2. LAB MEDIA: Figure 4 A.

6.6. Then, neuronal reconstruction software was used to analyze [1] the distribution of thin dendritic spines [2] and dendritic spine length [3].

6.6.1. LAB MEDIA: Figure 4 B and C. 
6.6.2. LAB MEDIA: Figure 4 B and C. Video Editor: Emphasize B. 
6.6.3. LAB MEDIA: Figure 4 B and C. Video Editor: Emphasize C.



Conclusion
7. [bookmark: _Hlk27388131]Conclusion Interview Statements


7.1. Kristen A. McLaurin: When attempting this protocol, it is important to avoid large clumps or clusters of ballistic dye coated tungsten beads during preparation. Clumps would not allow individual neurons to be distinguished.

7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 2.4.3 or 2.4.2.

7.2. Rosemarie M. Booze: Combined with neuronal reconstruction software, this method allowed us to examine neuronal and dendritic spine morphology in hippocampal pyramidal neurons.

7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

7.3. Hailong Li: Neuronal reconstruction software utilizes an algorithm to offer automatic-assisted classification of dendritic spines. The quantification of multiple neuronal parameters affords an opportunity to better understand the mechanisms underlying neurocognitive dysfunction.

7.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 
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