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A.  Will you require JoVE to record video microscopy through a microscope? (Y/N) N 

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) Y
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps: 1.1.4, 2.2.3.,3.2, 3.5-3.9, 3.14

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  The most difficult part of this procedure involves the permeabilization step of 3.5-3.9 where sometimes a great number of cells breaks up and is lost. This is countered by utilizing a large number of cells to start with. 
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:
The overall goal of this procedure is to facilitate the identification of enucleation events within a murine erythroblast subpopulation. (Intro) 
The first step is to create a population enriched in enucleating events.  This is accomplished by in vitro erythropoiesis culture, either long-term starting from low density bone marrow cells isolated from the femurs, tibias and pelvic bones of a non-stressed mouse, or short-term culture starting with splenocytes from the spleen of a mouse subjected previously to phlebotomy in order to mount stress erythropoiesis. (P1) 
The cultured cells at the final step of the culture are fixed, permeabilized, and stained with the fluorescent markers of interest. (P2) 
These cells are run on an imaging flow cytometer and then analyzed to identify the cells undergoing enucleation. (P3) 
In the population of enucleating cells, signaling and cytoskeletal components that regulate and mediate the process of enucleation can be identified. (P4)
(P1) from graphic overview.tif, show grey mouse, then with “bone marrow .. non-stressed mouse” ‘remove’ the bone graphic from the mouse, insert the syringe into one end of the bone and (if possible) have white or pink cells come out of the bottom of the bone and enter the pink wells of one 6 well plate; with “splenocytes … bled mouse” please ‘remove’ spleen (without spleen text) from mouse and then (if possible) have little red cells come out of spleen/have spleen break up into little red cells and have cells enter the pink wells of another 6 well plate
(P2) please show 3.5.1. adding antibody to cells

(P3) with “the … cytometer” please show 3.6.2. Talent loading sample; with “analyzed … enucleation” please show 3.7.1. Talent at computer
(P4) Figure 3.tiff or Figure 4.tiff
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Diamantis Konstantinidis: The main advantage of this technique over existing methods, like fluorescence microscopy, is that with this technique a significantly larger number of enucleating cells can be observed and analyzed in a short amount of time.   

1.2. Katie Giger: This method can help answer key questions in the erythropoiesis field, such as what are the molecular mechanisms involved in erythroblast enucleation?
Protocol (read by voice talent at JoVE):
2. Ex vivo erythroid differentiation
2.1. To differentiate erythroid cells from low density bone marrow cells … begin by adding 1 ml of culture media to a sterile flow cytometry tube. 
2.1.1. LAB MEDIA: Figure 1.tiff (Video Editor: with “To differentiate … cells” please highlight the left column of images/text/arrows)
2.1.1. WIDE: Few seconds Talent adding media to flow tube (TEXT: See text for all media preparation details)
2.2. Then attach a 25 gauge x 5/8" needle to a tuberculin syringe and gently flush fresh culture media through the harvested femurs and tibias a few times into the flow cytometry tube. 

2.2.1. MED: Talent adds needle to syringe

2.2.2. CU: Media being flushed through at least one bone at least one time into flow tube (TEXT: White bones = complete flushing)

2.3. Next, carefully layer 5 ml of the cell-suspension onto 5 ml of 1.083 g/ml density gradient cell separation medium in a 15 ml tube. 
2.3.1. CU: Few seconds cells being layered onto density gradient in 15 ml tube
2.3.2. MED: Talent placing tube(s) into centrifuge (TEXT: 25 min, 750 x g, RT, no brake/low acceleration)
2.4. Transfer everything down to the 2 ml mark into a new 15 ml tube and wash the collected buffy coat with fresh culture media. 
2.4.1. CU: Shot of separated layers, then few seconds of layer being collected
2.4.2. MED: Talent adding layer to tube
2.4.3. CU: Tube(s) being placed into centrifuge (TEXT: 5 min, 525 x g, RT)
2.5. Lyse the red blood cells in 3 ml of red blood cell lysis buffer for 5 minutes at room temperature. Then plate the cells in a 6 well cell-culture plate at a concentration of 5x105 cells/well to a final volume of 2.5 ml in growth media and incubate the cells at 37°C.

2.5.1. CU: Shot of red pellet if visible, then lysis buffer being added to cells

2.5.2. MED: Talents adding cells to at least one well of 6 well plate

2.5.3. MED: Talent adding plate to incubator
2.6. Five days after plating the culture, count the number of erythroblasts in each well of the original culture plate and then transfer each well into corresponding individual 15 ml conical tubes.

2.6.1. MED: Few seconds Talent at microscope counting cells

2.6.2. MED: Talent adding cells to at least one tube, with plate visible in frame
2.7. After spinning down the cells, aspirate the supernatants and resuspend the pellets in fresh growth media containing only erythropoietin to a concentration of 2x105 cells/ml. Then aspirate the supernatant from a plate of MS-5 cells and add the erythroid cells to the wells.

2.7.1. CU: Shot of pellet if visible, then supernatant being aspirated

2.7.2. MED: Talent adding media to tube

2.7.3. MED – over the shoulder: Few seconds supernatant being aspirated from at least one well

2.7.4. CU: Cells being added to at least one well
2.8. Two days later, replace the supernatant with fresh growth media without cytokines. 
2.8.1. MED: Talent adding media to at least one well 
2.9. To culture erythroblasts from low-density splenocytes … use the plunger from a 5 ml syringe to macerate the spleen through a 40 (m strainer into a 50 ml tube.
2.9.1. LAB MEDIA: Figure 1.tif (Video Editor: with “To culture … splenocytes” please highlight the right column of images/text/arrows) 
2.9.2. MED – over the shoulder: Few seconds Talent mashing spleen with syringe plunger
2.10. Wash the cell strainer with growth media and adjust the final volume of cell suspension to 5 ml. 
2.10.1. CU: Side shot of cell strainer being washed with media

2.10.2. CU: Last few seconds media being added to 5 ml

2.11. Then, after separating the cell layers by density gradient as just demonstrated, lyse the red blood cells and wash the splenocytes in 7 ml of culture media.
2.11.1. MED: Talent taking tube(s) out of centrifuge (TEXT: 25 min, 750 x g, RT, no brake/low acceleration)
2.11.2. CU: Shot of lysis buffer being added to red pellet
2.11.3. CU: Media being added to tube 
2.12. Then resuspend the pellet in growth media supplemented with cytokines and incubate the cells at 1-5x106 cells in a final volume of 1 ml/well of a 24-well cell-culture plate overnight at 37°C and 5% CO2.
2.12.1. MED: Talent adding media to tube

2.12.2. MED: Talent adding plate to incubator
2.13 (added) The following day, transfer cells to wells containing adhered MS-5 cells as previously described, and analyze after 6-8 hours.


2.13.1
(added) use 2.7.4

3. Erythroblast enucleation analysis by multi-spectral imaging flow cytometry
3.1. Collect the erythroblasts from the culture wells and fix them in 500 (l of 3.7% formaldehyde in PBS, resuspending the pellet with gentle pipetting. 
3.1.1. WIDE: Few seconds Talent adding fixative to cells
3.1.2. MED: Few seconds Talent mixing cells
3.2. After 15 minutes, spin the cells at 2,000 x g for 20 s in a microcentrifuge, aspirate the supernatant, and resuspend the pellet in 500 (l of PBS.
3.2.1. MED: Talent adds tube(s) to microcentrifuge
3.2.2. CU: Shot of at least one pellet if visible, then supernatant being aspirated
3.2.3. CU: Shot of at least one pellet being resuspended in PBS
3.3. After spinning down the cells in the microcentrifuge again, aspirate the supernatant again and place the cells on ice for at least 15 minutes. 
3.3.1. MED: Few seconds Talent aspirating supernatant from at least one tube
3.3.2. MED: Talent places cells on ice
3.4. Put -20°C-stored acetone solutions on ice. Then quickly resuspend and spin down the cells in a series of acetone washes as indicated:
3.4.1. MED: Talent placing acetone on ice at 4°C
3.4.2. MED: Talent resuspending cells in acetone, then placing tube(s) into centrifuge (Videographer: Split action into separate shots as necessary) (Video Editor: add text over several shots as necessary: TEXT AS LIST ON TOP OF ACTION: 500 (l of ice-cold 50% acetone; 500 (l 100% ice-cold acetone; 500 (l 50% ice-cold acetone; 500 (l cold FACS buffer)
3.5. After the FACS buffer wash, incubate the cell pellets in 100 (l of the appropriate antibody cocktail for 30 minutes at room temperature.
3.5.1. CU: At least one antibody being added to at least one tube, with antibody container(s) with label(s) visible in frame (TEXT: See text for Ab cocktail preparation details)
3.6. Then after washing the cells in FACS buffer again, resuspend the stained pellets in 60 (l of FACS buffer containing Draq5 (Pronounce: “drack-five”) and run the samples on an imaging flow cytometer, collecting ~10,000 events per experiment. 
3.6.1. CU: Shot of at least one pellet if visible, then at least one pellet being stained with Draq5
3.6.2. MED: Talent loading sample onto cytometer
3.6.3. SCREEN: Few seconds shot of events being collected (Video Editor: If necessary, please circle/indicate/otherwise highlight events being collected)
3.7. Then, start the analysis by selecting cells based on their Brightfield Aspect Ratio -- the ratio of the length of their minor versus their major axis -- and their Brightfield Area, which is indicative of their size. Events with a Brightfield Area value lower than 20 and higher than 200 are mostly debris and cell aggregates, respectively, and are excluded from the analysis. 
3.7.1. MED – over the shoulder: Talent at computer, few seconds analyzing cells
3.7.2. LAB MEDIA: Figure 2A.tif 
(Video Editor: with “selecting cells” please highlight/draw/outline/other blue gate and/or blue cells;

 with “Brightfield Aspect ratio … major axis” please highlight the y-axis; 

with “Brightfield Area … size” please highlight the x-axis; 

with “value lower … analysis” please highlight/otherwise indicate white cells outside of blue gate)
3.8. Then analyze the single cells based on their value for the Gradient RMS parameter, which indicates the sharpness of image. Create a second gate containing the cells with a Gradient RMS value greater than the 50th percentile in order to select the images taken well in focus.
3.8.1. LAB MEDIA: Figure 2B.tif (Video Editor: with “based … parameter” please draw/outline/highlight the blue histogram; with “Create … focus” please draw/outline/highlight the green “R2” gate/line)
3.9. Next, gate the cells based on their size as measured by their Brightfield Area and their positivity for the erythroid marker Ter119, as measured by the Ter119 fluorescent stain-Mean Pixel parameter. Cells very low or very high for Ter119 are either non-erythroids or remaining cell aggregates, respectively, and are excluded from the analysis. 
3.9.1. LAB MEDIA: Figure 2C.tif 
(Video Editor: with “based on their … Brightfield Area” please highlight the y-axis; 

with “positivity .. parameter” please highlight the x-axis; 

with “Cells … analysis” please highlight/otherwise indicate green cells outside of red gate)  
3.10. In the next step, the cells are selected based on their Draq5 Aspect Ratio -- the ratio of the minor versus the major axis of their nucleus -- and the intensity of their Draq5 expression. 
3.10.1. LAB MEDIA: Figure 2D.tif (Video Editor: with “the cells are … nucleus” please highlight the y-axis; with “intensity … expression” please highlight the x-axis)
3.11. Draq5 negative cells, mostly enucleated cells, such as reticulocytes and red blood cells, and cells with a low Draq5 Aspect Ratio, mostly doublets, are excluded from the analysis. Gate the Draq5 positive, DNA positive cells, which are mostly erythroblasts at this point. 
3.11.1. LAB MEDIA: Figure 2D.tif 
(Video Editor: with “Draq5 negative … analysis” please highlight/otherwise indicate orange cells outside of gate; 
with “Gate … point” please draw/outline/highlight/otherwise indicate orange gate and/or orange cells within gate)
3.12. These erythroblasts are then analyzed based on their Ter119 Area, which indicates the size of the cell, and their Ter119 Mean Pixel/Area, or density of Ter119 expression, which indicates the brightness of their Ter119 staining. Orthochromatic erythroblasts are recognized as small, Ter119hi cells.
3.12.1. LAB MEDIA: Figure 2E.tif 
(Video Editor: with “based … size of the cell” please highlight the x-axis; 

with “Ter110 … expression” please highlight the y-axis; 

with “Orthochromatic … cells” please highlight/draw/outline/otherwise indicate the red gate and/or red cells)
3.13. Finally, a subpopulation of the orthochromatic erythroblasts is characterized by their low Brightfield Aspect Ratio and their high Delta Centroid XY Ter119/Draq5, as defined by the distance between the center of the incipient Ter119+-reticulocyte and the center of the Draq5+-nucleus.
3.13.1. LAB MEDIA: Figure 2F.tif 
(Video Editor: with “subpopulation” please draw/circle/outline/highlight the yellow gate and/or yellow cells; 

with “low .. Ratio” please highlight the y-axis; 

with “high … Ter119/Draq5” please highlight the x-axis)
4. Results: Representative enucleating erythroblast analysis

4.1. Along with antibody against Ter119 and the DNA-stain Draq5, the cells are typically also stained to identify the localization of F-actin during erythroblast enucleation. 
4.1.1. LAB MEDIA: Figure 3.tif 
(Video Editor: with “against Ter119” please highlight the “Ter119” data column; 

with “DNA-stain Draq5” please highlight the Draq5 data column; 

with “locatlization … enucleation” please highlight the “F-actin” data column)

4.2. Of note, the progression of enucleation can be visualized, as cells with a decreasing aspect ratio, that is, cells that become increasingly elongated and with an increasing delta centroid XY Ter119/Draq5, are observed. 
4.2.1. LAB MEDIA: Figure 3.tif 
(Video Editor: with “decreasing aspect ratio” please stretch an arrow from the top of the top dot plot down to the bottom of the bottom dot plot; 

with “have an increasing … Ter119/Draq5” please stretch an arrow from the bottom left corner of the bottom dot plot to the bottom right corner of the bottom dot plot)
4.3. F-actin concentrates at the cleavage furrow during enucleation and then dissipates once the nucleus is extruded. 
4.3.1. LAB MEDIA: Figure 3.tif (Video Editor: Please highlight the F-actin data column)
4.4. Other proteins and structures of interest can also be stained with the appropriate antibodies or fluorescent markers to allow imaging of their roles during enucleation. For example, polarized microtubule formation can be visualized in wild type orthochromatic erythroblasts prior to enucleation but not in erythroblasts treated with colchicine. 
4.4.1. LAB MEDIA: Figure 4.tif (Video Editor: with “For example … enucleation” please highlight the top left image composite; with “but not … colchicine” please highlight the top right image composite)
4.5. Inhibition of tubulin polymerization by colchicine diminishes the cell polarization, as demonstrated by measuring the parameter delta centroid XY BF/Draq5 between the center of the cell body seen in the Brightfield channel and the center of the nuclear staining achieved with Draq5.
4.5.1. LAB MEDIA: Figure 4.tif 
(Video Editor: “demonstrated … BF/Draq5” please draw/highlight/indicate bottom right histogram; 

with “center .. cell body” please highlight/otherwise indicate the orange oval in the bottom right graph; 

with “and in the center … Draq5” please highlight/otherwise indicate the little bar in the middle of the orange oval)
5. Conclusion (said by authors on camera)
5.1. Diamantis Konstantinidis: Following this procedure, other methods, like fluorescence microscopy, can be performed to answer additional questions about the interactions between the different types of cells as observed in the erythroblastic islands.
5.2. Katie Giger: After watching this video, you should have a good understanding of how to visualize enucleation events in an erythroblast-enriched population.

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, 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.  
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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, as well as an introduction to your videographer, closer to your filming date.
( 2011, Journal of Visualized Experiments


