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Title: Assessing cell cycle progression of neural stem and progenitor cells in the mouse developing brain after genotoxic stress
A. Will you require assistance with video microscopy, such as filming a complex dissection or microinjection technique (Y/N, please specify steps by number. Also, please list make and model of your microscope)?  No
B. Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? No
C. Which steps of your protocol will viewers benefit most from having filmed? (use the numbering below) The injection of EdU and then BrdU (3.1 / 3.2 / 3.3)
D. What is the single most difficult aspect of this procedure and what do you do to ensure success?  None
E. Will the shoot take place in more than one location?  (Y/N, specify travel time between locations):  Yes, a couple of minutes
Schematic Overview (read by a voice talent at JoVE)
The overall goal of this procedure is to determine the cell cycle progression of neural stem and progenitor cells after genotoxic stress in developing mice.  This is accomplished by first, giving an intraperitoneal injection of Edu into a pregnant mouse. (P1)  The mouse is then irradiated (P2) and an intraperitoneal injection of BrdU  is given immediately or a few hours after irradiation. (P3)  The final step is EdU and BrdU detection in coronal sections of the embryonic mouse brains. (P4)  Ultimately, the consequences of the irradiation on the different steps of the cell cycle can be analyzed in the various types of fetal neural cells. (P5)
Video Editor:

P1 – Start with illustration for 1.  If possible animate the syringe entering in from the left. Label included.

P2 – Blink the radiation symbol (2) over the mouse in isolation, fade out the hand and the syringe before adding the radiation symbol.  No label needed.

P3 – like P1 but illustration for 3.  Label included.

P4 – Show the illustration for 4, but no caption and no box, fade out everything but what the purple chain to get what is seen in the box.  Zoom into one of the purple beads and fade the grey-scale image of the embryo over the purple circle.  Then zoom in further on the head of the grey-scale image and fade to the brain image from step 5.  No labels are needed for P4.

P5 – skip the photo for six and fade to the image for 7.  No label needed.  Pan around the image from a zoom once it is show full blown out.
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1. Introductory Interview (spoken by you on camera. Don’t forget to smile!)  

1.1. Amandine Béry: This method can answer key questions regarding the different treatments on the embryonic brain. Last version (Take 6)
1.2. Amandine Béry: Demonstrating the procedure will be Olivier Etienne, a technician from the laboratory.  Last version (Take 3)
Protocol Chapters (read by a voice talent at JoVE):

2. Extra title card: This protocol has been designed in compliance with the European Communities Council Directive of November 24, 1986 (86/609/EEC) and has been approved by our institutional committee on animal welfare (CETEA-CEA DSV IdF).
3. Brain Slice Preparation

3.1. Preparation begins with injecting EdU/BrdU into and irradiating pregnant mice.  First provide an IP-injection of 100 microliters of EdU, at 1 mg per ml.  The EdU must be administered before BrdU.
3.1.1. WID: talent takes hold of pregnant mouse
3.1.2. MED: delivering injection of Ed
3.1.3. [combined with 3.1.2] MED: returning mouse to cage
3.2. 90 minutes later, expose the mice to 2 Gy.  Have 0 Gy radiation controls, as well.
3.2.1. WID: talent loads mouse into irradiation containment box, 
3.2.2. [split shot] WID: talent shows all safety precautions in use using irradiator
3.3. Then, immediately IP-inject 200 microliters of BrdU at 5 mg per ml.
3.3.1. MED CU: removing mouse from box and giving BrdU injection
3.4. Between an hour and four hours later, euthanize the mice using CO2, and proceed with the surgery.  Open the body cavity, and section the extremities of the two uterine horns, thus separating them from the uterus.
3.4.1. WID: talent set up for surgery, mouse all prepared and talent about to open body cavity
3.4.2. ECU: do not show head of mouse (should be draped) – cutting open the body and isolating the uterine horns and uterus
3.5. Transfer the horns to a Petri dish containing PBS with 0.6% glucose.  Then, release the embryos therein.
3.5.1. CU: setting tissues into PBS dish
3.5.2. ECU: dissecting out the embryos in the dish
3.6. Using forceps, open the amniotic sac of each embryo.  Then, dissect the heads.
3.6.1. ECU: opening an amniotic sac to access embryo head, then dissecting off the head
3.7. Fix the embryonic heads with 4% PFA at pH 7.4, overnight at 4 ºC.
3.7.1. CU MED: Filling a well of 6-well plates with 4%PFA then transferring the heads from the dish to bath of solution, bottle of 4% PFA in background, label is reasonably clear but focus on heads
Take 2 CU: Filling a well of 6-well plates with 4%PFA then transferring the heads from the dish to bath of solution, bottle of 4% PFA in background, label is reasonably clear but focus on heads
3.8. The next morning, embed the head in paraffin using a vacuum infiltration processor or other methodology.
3.8.1. WID CU: talent working with putting heads into embed them in paraffin paraffin recipient block
3.8.2. CU MED: talent’s choice of representative step of talent putting the paraffin recipient block into the vacuum infiltration processor for paraffin embedding, and starting the specific program
3.8.3. [added shot] WID: talent working with heads to embed them in paraffin
Take 2: CU: talent working with heads to embed them in paraffin
3.9. Using a microtome, make five-micron coronal slices and mount them in groups of 10 to 15 to poly-L-lysine coated slides.  (TEXT: 25 mm x 75 mm) They can be stored at room temperature for many months.
3.9.1.  WID: talent operating microtome, making slices
take 2 CU: talent operating microtome, making slices
3.9.2. CU: arranging slices onto a slide
3.9.3. MED: Removing water with the help of a paper sheet, drying at RT overnight, then loading a prepared slide into a box with other prepared slides
4. Edu and BrdU Staining

4.1. Begin by removing the paraffin.  Immerse the slides in three consecutive toluene baths for five minutes per bath.  
4.1.1. WID: talent with slides, pouring one to three toluene baths, setting side(s) into first bath
4.1.2. MED: (pouring first, if needed) moving slide between baths
4.2. Then, rehydrate the slide with baths of decreasing ethanol concentration, starting with five minutes in 100% ethanol.  Next use 95% ethanol, then 70% ethanol and, finally, deionized water, where they can stay for a few hours.
4.2.1. MED: bath bins lined up in front of 100%, 95% and 70% ethanol bottles, all labeled clearly – talent fills 100% bath from bottle of ethanol behind it
4.2.2. CU: adds slide to 100% ethanol
4.2.3. MED: removes slide from 70% ethanol bath and sets in a bath with no bottle or a water bottle behind it
4.3. Once rehydrated, boil the slides for ten minutes in 10 mM citrate, pH 6.
4.3.1. MED: moving slide from water bath to a boiling solution of citrate
4.4. After the boiling citrate bath, transfer the slides to deionized water for five minutes.
4.4.1. CU: Cooling down the slide, lifting slide out of boiling citrate solution, then transferring into H2O 
4.4.2. CU: setting slide, hot, into water bath
4.5. Now, proceed with EdU staining.  First, permeabilize the cells with Triton for 10 minutes, using 0.5% Triton in PBS.
4.5.1. MED: Removing water with the help of paper sheet then laying on a plastic rack and pouring applying Triton X-100 in PBS solution onto the slide into bath, clearly labeled stock bottle
4.5.2. MED: moving slide from water bath to Triton bath
4.6. Next, make fresh 1X EdU buffer and prepare the EdU reaction cocktail, which includes EdU Alexa fluor 488 azide.  Add the contents in the correct sequence and use the mixture within 15 minutes.
4.6.1. WID: talent working bench, mixing parts of EdU cocktail
Take 2 (Preference) CU: talent working bench, mixing parts of EdU cocktail
4.6.2. MED: adding part of EdU mix to main tube, mixing
4.6.3. as previous shot
4.7. Wash the slides twice with PBS, then add on each slide 150 microliters of reaction cocktail and cover it with a coverslip.  Incubate the slides in the dark, at room temperature for thirty minutes.
4.7.1. MED: moving slides from Triton bath to PBS bath, then between PBS baths
4.7.2. MED CU: taking aliquot of BrdU EdU mix and applying to the slide
4.7.3. MED: placing slide in a dark box to incubate
4.8. After half an hour, remove the reaction cocktail and wash the slides in two different PBS baths.
4.8.1. WID MED: talent arrives to bench, removes the lid, loading pipettor and removes the coverslip and proceeds to start removing solution from slide under box pours the slide into the first bath of PBS
4.8.2. CU: removing solution in detail
4.8.3 4.8.2 MED CU: transferring slide to from PBS bath#1 to, 2nd bath#2 ready to its side
4.9. Now proceed with BrdU staining.  First, prepare fresh saturation buffer.  Apply to each slide 150 microliters of the saturation buffer, apply coverslips and wait an hour.
4.9.1.  MED: representative steps of making saturation buffer
4.9.2. CU: applying solution to the slide then showing coverslip application
Take 2: CU: taking the tube in hand and applying the saturation buffer onto the slide.
4.10. After an hour, the block reaction will be complete.  Remove the buffer and replace it with 150 microliters of 1:300 anti-BrdU in saturation buffer.  Cover the slides again, and now incubate them at 4 ºC, overnight.
4.10.1. WID: talent returns to the bench
4.10.2. CU: coverslip removed from slide, solution removed from slide and new solution added, then slide covered again
4.10.3. MED: loading slide(s) into a refrigerator
4.11. In the morning, remove the primary antibody and wash the slide three times with PBS.
4.11.1. WID: talent arrives to bench, looking as though a day has passed.  Has slide, removes coverslip 
4.11.2. MED: sucks off solution from slide and sets slide into PBS bath #1 of three bath solutions ready to use

4.12. Next, apply 150 microliter of 1:400 goat-anti-mouse-Alexa-594 in saturation buffer.  Cover the slides and allow them to incubate for an hour at room temperature, shielded from light.

4.12.1. MED: removes slide from bath #3 of PBS and show any drying technique remove solution with the help of a paper sheet
4.12.2. CU: loads Ab to pipette from clearly labeled tube of 594 Ab, 
4.12.3. [combined with 4.12.2] MED: applies Ab then coverslip to slide and places it in dark box 
4.13. An hour later, wash the slides with PBS twice.
4.13.1. MED: moving slide from under box to PBS, show removal of coverslip first and any removal of solution on slide by pipetting AND show two PBS baths at the ready
4.14. Next add DAPI to stain the nuclei and mount the slides.  Apply 150 microliters of one microgram per milliliter DAPI in PBS, cover and wait two minutes. The slides can then be mounted and analyzed. 
4.14.1. MED: removing slide from 2nd PBS bath, and remove solution with the help of a paper sheet
4.14.2. show any drying technique performed
4.14.3. CU: taking aliquot of DAPI from labeled tube, 
4.14.4. [combined with previous]  MED: applying to slide, covering with a coverslip and setting under a box
5. Imaging and Analysis

5.1. Using fluorescence microscopy and a 20X objective, examine the brain sections.
5.1.1. WID: talent analyzing brain sections with Olympus BX51 
Take 2 (Preference): talent analyzing brain sections with Olympus BX51 
5.2. To analyze the brain sections, select a 100-micron square section of the cerebral wall in the medial-lateral dimensions.  
5.2.1. MED CAMTASIA trial2: live fluorescent images captured with the Q-Pro software. 
5.2.2. CU: selecting a section of the tissue, 100-µm square
5.3. Next, using a superimposed grid, divide this section into eighteen or more bins, ten microns across in the radial dimension. The first bin should be aligned to the long axis, parallel to the ventricular border. 
5.3.1. LAB MEDIA:  51209_Boussin_Figure1bis.pptx – slide 1
Video editor: begin with the image of the cells.  Then add the football field like grid.  Don’t add the graph.
5.4. Now, count the differently labeled nuclei in each bin.   When a nucleus straddles two bins, number it in the bin containing its larger part, or in the lower bin, when the nucleus occupies equal areas within the two bins.
5.4.1. LAB MEDIA:  51209_Boussin_Figure1bis.pptx – slide 2
Video editor: animate the movement of the football-field of imaged cells into the bottom of the screen with just the X-Y axis coming on top, to begin.  Then gradually add the data for each of the three lines left to right, one at a time.
6. Identifying Apoptotic Cells and Cell Cycle Phase 
6.1. Coronal sections were made of E14.5 mice, stained and analyzed according to the protocol.  The binning divided the ventricular, subventricular and intermediate zones.

6.1.1. LAB MEDIA: Figure 1 top image

6.1.2. LAB MEDIA: Figure 1 bottom image

Video editor: Start with the whole brain.  Then, zoom in to the location of the higher magnification image (with the grid) and fade it in.
6.2. EdU and/or BrdU labeled nuclei were counted in brains at an hour or four hours post-irradiation.  

6.2.1. LAB MEDIA: Figure 2A – top only, the time course

6.3. The staining of the cells was analyzed comparing one hour post-irradiated and non-irradiated brains. 

6.3.1. LAB MEDIA: Figure 2B – four images for one hour data

6.4. Statistical analysis of the bin counts revealed no apoptotic nuclei at this time.

6.4.1. LAB MEDIA: Figure 2C – bottom graph
6.5. After four hours, things had changed.
6.5.1. LAB MEDIA: Figure 2B – four images for four hour data
6.6. Four hours after irradiation from the cells negative for EdU and BrdU, apoptotic cells were counted. Other cell counts, reported in the text, changed with irradiation time as well.
6.6.1. LAB MEDIA: Figure 2C – bottom graph

6.7. Looking carefully at a population of counted cells, there are five distinguishable populations.  Examples of each are labeled A through E.  All cell nuclei are clearly visible from DAPI staining, and what distinguishes the populations is their relative BrdU and EdU staining.

6.7.1. LAB MEDIA: Figure 3 – top image

6.8. Cell A is in G2 phase after replication of pericentric heterochromatin.  EdU labels chromocenters. 

6.8.1. LAB MEDIA: Figure 3 – bottom, show A column

Authors, we just need the bottom part of Figure 3 as a separate image.  Our video editor can add the columns one at a time.
6.9. Cell B is a cell in late S phase.  EdU labels euchromatin and BrdU labels chromocenters.

6.9.1. LAB MEDIA: Figure 3 – bottom, show A&B columns
6.10. Cell C is in early S phase.  EdU and BrdU label euchromatin and not chromocenters.

6.10.1. LAB MEDIA: Figure 3 – bottom, show A-C 
6.11. Cell D is in late G1, with just BrdU labeling euchromatin. 
6.11.1. LAB MEDIA: Figure 3 – bottom, show A-D
6.12. Cells not labeled by BrdU or ErdU are in G0.  These are immature neurons.

6.12.1. LAB MEDIA: Figure 3 – bottom, show A-E
7. Conclusion Interview (spoken by you on camera)

7.1. Amandine Béry: Following this procedure, other methods like staining for different cellular markers or apoptosis detection can be performed in order to answer additional questions, such as variations of the effects between the different neural cell populations or the level of cell death.   First version
List of Provided Media Filenames and Descriptions (fill this in)

6.1.2 LAB MEDIA 51209_Boussin__Figure 1 bottom image
6.1.1 LAB MEDIA 51209_Boussin__Figure 1 top image
6.2.1 LAB MEDIA 51209_Boussin__Figure 2A top image
6.3.1 LAB MEDIA 51209_Boussin__Figure 2A(4 images for 1h data)
6.5.1 LAB MEDIA 51209_Boussin__Figure 2A(4 images for 4h data)
6.4.1 LAB MEDIA 51209_Boussin__Figure 2B(bottom graph 1h)
6.6.1 LAB MEDIA 51209_Boussin__Figure 2C(bottom graph 4h)
6.8.1 LAB MEDIA 51209_Boussin__Figure 3 bottom image
6.7.1 LAB MEDIA 51209_Boussin__Figure 3 top image
5.3.1 LAB MEDIA 51209_Boussin_Figure1bis
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.
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