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A.  Will you require JoVE to record video microscopy? N
B.   Does your protocol include descriptions of software usage? Y 
If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
C.  Which steps of your protocol will viewers benefit most from having filmed? 4.7.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? The notes in section 2 and section 3
E.  Will the filming need to take place in multiple locations? N 


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 quantification of filamentous actin puncta in cultured neurons is to introduce a useful method for studying the integrity and connectivity of synaptic structures. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Charles F. Mactutus: This method can help address key questions in the neuroscience research field about spinogenesis, synaptic plasticity and synaptic stability. 
1.2. Charles F. Mactutus: The main advantage of this technique is that it provides a detailed protocol for primary neuronal culture following F-actin puncta identification and quantification.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Hailong Li: When the target of a treatment is unknown, it is necessary to estimate the general integrity of a variety of dendritic structures. 
1.4. Marina Aksenova: We first had the idea for this method when we were studying the neuronal damage induced by drugs of abuse, like cocaine, and HIV-1 toxic proteins, like Tat and gp120.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)

E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.5. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at the University of South Carolina (assurance number A3049-01).

Protocol (read by voice talent at JoVE):
2. Low density embryonic neuronal culture
2.1. Two days before setting up the culture, coat twelve 35 mm glass-bottom dishes with 2 ml of poly-L-Lysine working solution [2.1.1.-WIDE-TXT] and store the dishes in the hood overnight to maintain their sterility [2.1.2.-MED].
2.1.1. Few seconds Talent adding solution to at least one dish (TEXT: Plastic-bottom dishes add unwanted hues/glare during microscopy)
2.1.2. Talent placing at least one dish into hood
2.2. The next day, discard the coating agent [2.2.1.-MED] and rinse the dishes with double distilled water [2.2.2.-CU].
2.2.1. Few seconds Talent discarding coating agent from at least one dish
2.2.2. Few seconds one dish being washed with ddH2O, with ddH2O container label visible in frame
2.3. Allow the dishes to dry for one hour under the hood [2.3.1.-MED]. Then transfer 2 ml of plating medium into each dish [2.3.2.-MED] and incubate the dishes overnight at 37°C and 5% CO2 [2.3.3.-MED].
2.3.1. Talent placing dish(es) into hood
2.3.2. Talent adding medium to at least one dish, with medium container visible in frame
2.3.3. Talent placing dish(es) into incubator
2.4. On the day of the culture, place the harvested brains in a Petri dish containing cold HBSS [2.4.1.-MED-TXT].
2.4.1. Talent placing at least one brain into petri dish, with other brains w/o cerebellum/brain stem visible in dish if possible
2.5. Then, securing a brain with tweezers, use the curved forceps to separate the hemispheres [2.5.1.-CU] and to remove the meninges [2.5.2.-CU].
2.5.1. Brain being held with tweezers while hemispheres are being separated
2.5.2. Few seconds meninges being removed 
2.6. Isolate the frontal cortices [2.6.1-CU] and transfer the pieces into a sterile 15 ml centrifuge tube [2.11.2.-CU-TXT].
2.6.1. Few seconds one frontal cortex being isolated
2.6.2. At least one piece being placed into 15 ml tube (TEXT: Repeat for each brain)
2.7. Add 2 ml of fresh HBSS and 20 microliters of Trypsin EDTA to the tube [2.7.1.-MED] and incubate the neural tissues for 10-15 minutes at room temperature [2.7.2.-MED], with gentle swirling every few minutes [2.7.3.-CU-TXT]. 
2.7.1. Talent adding HBS and/or trypsin EDTA to tube, with HBSS and trypsin EDTA containers visible in frame
2.7.2. Talent placing tube at RT 
2.7.3. Few seconds tissues being swirled (TEXT: Do not allow tissue settling)
2.8. At the end of the incubation, use a glass pipette to aspirate all of the old HBSS [2.8.1.-CU] and rinse the cortices two times with fresh HBSS [2.8.2.-CU].
2.8.1. Few seconds HBSS being aspirated
2.8.2. Few seconds cortices being rinsed
2.9. After the second wash, immerse the tissues in trypsin inhibitor [2.9.1.-CU], mix well [2.9.2.-CU], and let the samples sit for 5 minutes at room temperature [2.9.3.-MED].
2.9.1. Few seconds tissues being immersed in inhibitor, with inhibitor container label visible in frame (Videographer: Combine 2.9.1. and 2.9.2. as appropriate)
2.9.2. Few seconds tissues being mixed (Videographer: Combine 2.9.1. and 2.9.2. as appropriate)
2.9.3. Talent placing tube at RT
2.10. Then wash the tissues two times with fresh HBSS [2.10.1.-MED].
2.10.1. Few seconds Talent washing tissues
2.11. Now use a glass pipette with a rubber bulb to very slowly triturate the brain pieces 10-15 times [2.11.1.-CU-TXT].
2.11.1. Few seconds tissue being triturated (TEXT: Caution: Avoid bubbles)
2.12. Then, using a calibrated pipette equipped with a sterile tip with a reduced diameter, very slowly triturate the tissue slurry again [2.12.1.-CU].
2.12.1. Shot of calibrated pipette entering tube, then few seconds tissue being triturated
2.13. When the solution is homogenous, plate the cells at the appropriate density in the pre-coated culture dishes for an overnight incubation in the cell culture incubator [2.13.1.-MED-TXT].
2.13.1. Few seconds Talent adding cells to culture dish (TEXT: e.g. 50 cells/mm2)
2.14. After 24 hours, replace the plating medium with freshly-prepared, complete growth serum-free neurobasal medium [2.14.1.-MED] and return the cells to the cell culture incubator for at least 12-14 days [2.14.2.-MED-TXT].
2.14.1. Few seconds Talent adding medium to at least one dish, with medium container visible in frame
2.14.2. Talent placing dish(es) into incubator (TEXT: Replace 50% medium every 5-6 d w/ fresh medium)
2.15. Marina Aksenova “Low-density plating is important for visualizing the individual neurons and the Neurobasal medium is critical for minimizing the proliferation of astrocytes within the cell cultures.” [2.15.1.-MED-interview style]
2.15.1. Marina Aksenova, speaking the above, interview style (looking just off-camera)
3. Fluorescent labeling and immunocytochemistry
3.1. To label the cells for immunocytochemistry, first wash the glass-bottom cell culture dish two times with PBS [3.1.1.-WIDE].
3.1.1. Few seconds Talent washing at least one dish with PBS
3.2. Then fix the cells with 4% paraformaldehyde for 15 minutes at room temperature [3.2.1.-MED], followed by two PBS washes [3.2.2.-MED].
3.2.1. Talent adding PFA to at least one dish, with PFA container visible in frame
3.2.2. Few seconds at least one dish being washed with PBS
3.3. Next, permeabilize the cells with 0.1% Triton X-100 in PBS for 5 minutes [3.3.1.-CU] and label them with an F-actin specific stain at room temperature [3.3.2.-CU-TXT].
3.3.1. Triton X-100 being added to at least one dish, with triton x container label visible in frame 
3.3.2. Stain being added to at last one dish, with stain container label visible in frame 
3.4. After 20 minutes, rinse the cells two times with PBS [3.4.1.-MED] and block any non-specific cell surface staining with 10% normal goat serum [3.4.2.-MED-TXT].
3.4.1. Few seconds Talent washing at least one dish with PBS, with PBS container visible in frame 
3.4.2. Few seconds Talent adding blocking serum to at least one dish (TEXT: Block 1-2 hrs RT)
3.5. At the end of the incubation, label the cells overnight at 4°C with chicken polyclonal anti-MAP2 (Pronounce: map-two) antibody [3.5.1.-MED-TXT].
3.5.1. Talent adding antibody to at least one dish, with antibody container visible in frame if possible (TEXT: See text for Ab concentration details)
3.6. The next morning, rinse the cells two times with PBS [3.6.1.-CU] and label them with the appropriate secondary antibody [3.6.2.-CU-TXT].
3.6.1. Few seconds at least one dish being rinsed
3.6.2. Few seconds antibody being added to at least one dish, with antibody container label visible in frame if possible (TEXT: e.g. Alexa Red 594-conjugated goat anti-chicken IgG)
3.7. After 2 hours at room temperature, rinse the cells with PBS again [3.7.1.-CU] and label them with 10 microliters of Hoechst for 3 minutes at room temperature [3.7.2.-CU].
3.7.1. Few seconds at least one dish being rinsed with PBS, with PBS container visible
3.7.2. Hoechst being added to at least one dish, with Hoechst container label visible in frame
3.8. Then wash the cells two final times with PBS [3.8.1.-CU] and preserve them with 100 microliters of antifade reagent [3.8.2.-CU-TXT].
3.8.1. Few seconds at least one dish being rinsed with PBS, with PBS container visible
3.8.2.  Antifade being added to at least one dish, with antifade container visible in frame
4. F-actin puncta counting
4.1. Within three days of the staining, turn on the fluorescent microscope [4.1.1.-WIDE] and select the 20x objective [4.1.2.-MED].
4.1.1. Talent turning on microscope
4.1.2. Talent selecting objective
4.2. Next, in the microscope software, set the pixel image size to 1600x1200 [4.2.1.-MED-over the shoulders] and the 0.17 micron/pixel image resolution to 1x zoom [4.2.2.-SCREEN].
4.2.1. Talent at computer, setting pixel image size, with monitor visible in frame
4.2.2. *To be provided by Authors
4.3. Transfer the dish of cells onto the microscope stage [4.3.1.-CU] and acquire images of the co-labeled F-actin-MAP2 neurons under the green [4.3.1.-SCREEN] and red fluorescent channels [4.3.2.-SCREEN].
4.3.1. Dish being placed onto stage
4.3.2. *To be provided by Authors 
4.3.3. *To be provided by Authors
4.4. When all of the images have been obtained, choose 5 images of individual neurons in the green, red and blue channels with clearly defined dendritic arbors [4.4.1.-SCREEN] and use continuous MAP2 immunofluorescence to identify the F-actin rich structures in the second order dendritic segments [4.4.2.-SCREEN-TXT].
4.4.1. *To be provided by Authors
4.4.2. *To be provided by Authors (TEXT: 25-75 micron segments)
4.5. Rotate the selected region of images horizontally [4.5.1.-SCREEN] and copy and paste the region as a new image [4.5.2.-SCREEN].
4.5.1. *To be provided by Authors
4.5.2. *To be provided by Authors
4.6. Then subtract the image background fluorescence [4.6.1.-SCREEN-TXT] (TEXT: Same parameters for each dish/treatment group) and use the software to count the number of bright green F-actin puncta [4.6.2.-LM].
4.6.1. *To be provided by Authors
4.6.2. Figure 3B_final.pdf : please add/flash arrows; do not need text under images	Comment by Microsoft Office User: Authors: if you prefer to use NIS-Elements.avi to demonstrate this step, please indicate the specific 5-10 s time point within the video where the relevant footage can be observed (e.g. 01:15-01:25)
4.7. Use trained independent observers to measure the length of the selected dendritic segments [4.7.1.-MED] and then export the puncta numbers and dendritic segment length data to a spreadsheet file [4.7.2.-MED-over the shoulder].
4.7.1. Few seconds “independent observers” measuring length of a selected dendritic segment
4.7.2. Few seconds Talent at computer, exported data into spreadsheet file
4.8. [bookmark: _GoBack]Hailong Li “Be sure that the observers include F-actin positive puncta with a peak fluorescence intensity of at least 50% above the average intensity of staining in the dendritic shaft in each selected dendritic segment.” [4.8.1.-MED-interview style]
4.8.1. Hailong Li, speaking the above, interview-style (looking just off-camera)
4.9. Finally, calculate the density according to the formula, expressing the data as the number of F-actin puncta per 10 microns of dendrite [4.9.1.-MED].
4.9.1. Few seconds Talent performing calculation [TEXT: Puncta density = F-actin labeled puncta (N)/Length (L) of MAP2 labeled dendrites] 
5. Results: Representative F-actin synaptic structures of rat cortical neurons

5.1. Here differential interference contrast images demonstrate the morphological changes observed in developing fetal rat cortical neurons at days 4-27 in vitro [5.1.1.-LM]. Note the increase in the length and number of the dendrites as the cultured rat primary neurons mature [5.1.2.-LM-TXT].

5.1.1. Figure 1_final.pdf: no animation
5.1.2. Figure 1_final.pdf: please highlight/outline/indicate days 21 and 27 images (TEXT: Use neurons ≥14 d)

5.2. Since Phalloidin labeling of F-actin is very rapid, it is possible to visually estimate the integrity of the synaptodendritic network before proceeding with the immunocytochemical antibody labeling [5.2.1.-LM].

5.2.1. Figure 2_final.pdf: please highlight/outline/indicate middle column of images

5.3. MAP2 stains the intact dendrites [5.3.1.-LM], confirming that the F-actin puncta are located on the neuronal dendrites and not localized to other cells, such as astrocytes [5.3.2.-LM].

5.3.1. Figure 2_final.pdf: please highlight/outline/indicate left column of images
5.3.2. Figure 2_final.pdf: highlight/outline/indicate right column of images

5.4. In high-resolution images, F-actin rich structures [5.4.1.-LM] containing fine filopodia, spine protrusions, and F-actin patches can be observed [5.4.2.-LM].

5.4.1. Figure 3A_final.pdf: please highlight bottom green F-actin image
5.4.2. Figure 3A_final.pdf: please highlight far right image

5.5. In this experiment for assessing HIV-1 Tat (pronounce: “tat” like “cat”)-induced synaptodendritic injury, MAP2 staining [5.5.1.-LM] revealed fewer dendritic branches and diminished F-actin in rat cortical neurons following the HIV-1 Tat-treatment [5.5.2.-LM].

5.5.1. Figure 5_final.pdf: please highlight/indicate bottom left MAP2 image
5.5.2. Figure 5_final.pdf: please highlight/indicate bottom right merged image

5.6. Indeed, F-actin puncta increase or decrease in response to the experimental treatment. For example in this experiment, when the cultured neurons were treated with the uncompetitive NMDA (Pronounce: N-M-D-A) receptor antagonist memantine [5.6.1.-LM], the F-actin positive puncta experienced a significant increase in density [5.6.2.-LM].

5.6.1. Figure 6_final.pdf: please highlight/indicate middle Meth image
5.6.2. Figure 6_final.pdf: please highlight/indicate middle Meth data bar

5.7. In contrast, treatment with a combination of Methamphetamine+HIV-1 Tat [5.7.1.-LM] resulted in a significant loss of the F-actin puncta [5.7.2.-LM].

5.7.1. Figure 6_final.pdf: please highlight/indicate right Meth+Tat image
5.7.2. Figure 6_final.pdf: please highlight/indicate right Meth+Tat data bar

6. Conclusion (said by authors on camera)
6.1. Rosemarie Booze: After acquiring high-resolution images of the co-labeled F-actin/MAP2 neurons, remember to have two trained observers select segments of the second order dendrites for analysis of the puncta densities.
6.2. Rosemarie Booze: After its development, this technique paved the way for researchers in the field of neuroscience research not only for the monitoring acute synaptopathy but also for the study of synaptic recovery and experimental neurorestoration processes.
6.3. Rosemarie Booze: After watching this video, you should have a good understanding of how to develop a reliable method for measuring the synaptic integrity of the neuronal dendritic network.

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.  

5.1 – 0001_Booze_Figure1_final.pdf – Fetal rat cortical neurons in cell culture
5.2 – 0001_Booze_Figure2_final.pdf – Phalloidin/MAP2 co-labeling in rat cortical neurons
5.3 – 0001_Booze_Figure3A_final.pdf – F-actin synaptic structures of rat cortical neurons
5.3 – 0002_Booze_Figure3B_final.pdf – Verify neuronal origin of F-actin puncta
5.3 – 0003_Booze_Figure3C_final.pdf – Puncta counting in selected dendritic segments
5.4 – 0001_Booze_NIS-Elements.avi – Demonstration of software package
5.5 – 0001_Booze_Figure5_final.pdf – HIV-1 Tat mediated synaptodendritic injury in rat cortical neurons
5.6 – 0001_Booze_Figure6_final.pdf – F-actin puncta in rat cortical neurons: different effects produced by Memantine vs.Methamphetamine+Tat treatment



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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