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Authors, please fill out the brief questionnaire below.   
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)?  ___N_/_1.3, 2.1-2.3, 4.1-4.3, 6.1-6.3._/ LeicaMZ6____

B.   Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? ___Y_/ 5.1-5.4_____

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps_1.2, 2.2, 4.1, 4.2, 4.3 , 5.3_
D.  What is the single most difficult aspect of this procedure and what do you do to ensure its success? The most difficult aspect of this procedure is direct observation of single cell divisions within the developing neuroepithelium in real time. We optimized in vitro culture conditions of the embryo for at least 36 hours and used genetically labeled single cells to be able to perform this procedure.
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  
Procedural Narrative:
The overall goal of this procedure is to integrate live imaging of fluorescent markers with mouse embryonic neuroepithelium slice cultures). (Intro).
This is accomplished by first crossing the inducible Cre mouse line with the Cre reporter line to genetically label visibly dividing cells  (P1, Editor, Use Fig1, bring in the mice here with the X).
Next, the whole mouse embryos are dissected and cultured in vitro in the presence of lentivirus (P2, Editor, transition from one mouse to the embryo and transfer it into the plate, then use the pipette to “add” the lentivirus to the plate).
Then, the embryo is sliced and the neural tube section is prepared for live imaging (P3, Editor, remove the embryo from the plate, add the red dotted lines, isolate the middle section, then transition it to the image below the embryo, then place it into the glass bottom dish in the bottom middle image).
Finally, the neural tube slice is imaged with time lapse confocal microscopy_ (P4, Editor, zoom out on the dish, bring in the microscope, and place the dish on the stage).

Ultimately results can be obtained that show direct observation of single cell divisions within the developing neuroepithelium in real time through ex vivo live imaging (P5, Editor, use Movie2_1D here).
Paste a copy of your graphic overview here.  The original file should be adobe illustrator (preferred) or powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website.   
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.    Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line.  **If individuals will be doing the demonstrations but not speaking in the introduction, please use statement 1.8 to introduce these demonstrators (ex PI introducing students).   
1.1) Author name  _Tamara Caspary ______ : This method can help answer key questions in the developmental biology_ field, regarding the _ behavior and signaling events in individual cells.  

Protocol (read by voice talent at JoVE):

Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

2. Embryo Generation
2.1. To begin, cross the tamoxifen-inducible Cre mouse line, CAGGCreER with the dsRed Cre reporter line.  
2.1.1. LAB MEDIA Genetic_crosses_graphic_overview.pptx (Editor, use the top cross and include the text below each mouse, then add in the mouse below the brackets with the text below it)
2.2. To monitor the relative timing of sonic hedgehog response in the daughter cells, cross the CAGGCreER dsRed line with Olig2-eGFP BAC transgenic mice.
2.2.1. LAB MEDIA Genetic_crosses_graphic_overview.pptx (Editor, from step 2.1.1, add the x and the Oligo2 mouse - without the text to the right) 
2.3. Dissolve tamoxifen in 100% ethanol. Then inject it intraperitoneally (TEXT: 2.5mg/40g body weight) in pregnant females at E6.5 to induce Cre expression and dsRed labeling in a small subset of embryonic cells.
2.3.1. WIDE Talent at bench adds ethanol to tamoxifen in tube

2.3.2. MED/CU Talent prepares syringe

2.3.3. MED/CU Talent then injects tamoxifen

2.4. Forty-eight hours later, after dissecting the embryos, use a fluorescent microscope to identify dsRed positive embryos.  Transfer them to a culture dish and observe single cell divisions during ex vivo imaging 
2.4.1. MED Talent at scope identifying dsRed positive embryos
2.4.2. LAB MEDIA Movie 1_1D

2.4.3. LAB MEDIA Movie 2_1D
3. Whole Mouse Embryo Culture and Viral Infection

3.1. Dissect E8.5 embryos into pre-warmed wash medium containing a 1:1 solution of DMEM/F12 supplemented with 10% newborn calf serum and 1% Penicillin/Streptomycin.
3.1.1. SCOPE Talent dissects embryos into medium (coarse dissection). Take 2 = finer dissection of embryos. Take 3 (audio slate) = repeat of take 2
3.2. Using a fluorescent microscope with a stage heated to 37°C, or working next to a 37 degree hotplate, immediately identify embryos as GFP and/or dsRed positive. 
3.2.1. MED/CU Talent places a plate onto heated stage
3.2.2. LAB MEDIA/SCREEN Talent identifies GFP and/or dsRed positive embryos
3.3. Transfer up to 2 embryos into a 500 µl drop of pre-equilibrated culture medium (TEXT: see text protocol for recipe), apply a thin layer of equilibrated light mineral oil over the medium to prevent evaporation, and incubate the culture dish containing the embryos at 37°C and 5% CO2.
3.3.1. NOW 3.2.2 SCOPE Talent transfers embryos into drop of culture medium after washing three times with culture medium. (Use unslated Take 2, closeup of embryo)
3.3.2. NOW 3.2.1 ECU Talent prepares dish with media and mineral oil
3.3.3. WIDE Talent places embryos into incubator
3.4. To label the cilia in the neuroepithelium, add 5-10 ul of Ssstr3-GFP lentivirus, approximately 2 million virions, to a 500 ul equilibrated drop of culture medium containing an embryo.

3.4.0.
ECU Talent pulls lentivirus into pipet tip (shot added to give time for voice over)
3.4.1. ECU Talent adds lentivirus to drop with embryo

3.5. After culturing for 18 hours, transfer the infected embryo into several drops of wash medium to wash out the virus and prepare neural tube slices.

3.5.1. ECU Talent transfers embryo into wash medium for three washes

4. Neural Tube Slice Preparation and Live Imaging
4.1. Transfer an embryo to a 1% agar coated dish and use a 0.025mm micro-knife to dissect the neural tube.

4.1.1. CU Talent transfers media and an embryo to an agar coated dish

4.1.2. SCOPE Talent dissects neural tube from an embryo (Use unslated Take 3 – best take, fresher embryo)
4.2. Place a 150 ul drop of equilibrated culture medium without phenol red on a 35 mm poly-L-lysine coated glass bottom dish and place the isolated neural tube ventral side down in the drop of medium.

4.2.1. SCOPE Talent places a drop of medium into poly-l-lysine coated dish

4.2.2. (continuous with 4.2.1) SCOPE Talent turns neural tube ventral side down in drop

4.3. Put small amounts of a 1:1 mixture of petroleum jelly and melted candle wax around the mounted neural tube and gently press a glass coverslip into the jelly to immobilize the sample.  Cover the dish with a thin layer of equilibrated light mineral oil. 

4.3.1. SCOPE Talent places petroleum jelly/wax around mounted neural tube then applies a glass coverslip and presses to immobilize sample (Use unslated Take 3 – fresh embryo, new jelly, unbroken coverslip)
4.3.2. SCOPE/ECU Talent adds media, then a thin layer of light mineral oil

4.4. To image, use an inverted confocal microscope equipped with an environmental chamber set at 37°C, and 5% CO2.
4.4.1. MED/CU Talent places sample into environmental chamber (Use Take 4 – wearing lab coat, and using brownish dish supports on either side of embryo dish)
4.5. Use a 60x oil-immersion objective to image GFP-labeled cilia and dsRed positive cells, and a 40x oil-immersion objective to monitor Olig2-GFP and dsRed positive cells.
4.5.1. CU of 60x oil immersion lens on scope then talent turns turret to the 40X lens (Slated 4.5.1 = MED Talent at microscope and computer, changing focal length and refocusing for 40x. 
NEW 4.5.1b = CU of objective turret, motorized change from 60x to 40x)
4.6. Open the NIS Elements software to set up time lapse imaging conditions. Every 10 minutes, acquire z-stacks up to 25 µm thick with a spacing of 1.5 µm when using a 40x objective and stacks up to 8 µm with a spacing of 0.4 µm for a 60x objective.   Refer to the text protocol for further instructions.
4.6.1. SCREEN Talent opens NIS Elements software and sets up time lapse conditions (Opening of software can be edited down for time. 4.6.1b = continuation of software settings on second screen. 4.6.1c = time lapse settings for 40x objective. Filmed backup in case unable to get screen capture version.)
4.6.2. SCREEN Settings for 40x objective and then settings for 60x objective on screen (Settings for 60x objective in a wider shot to show full screen. Filmed backup in case unable to get screen capture version.)
4.7. After fixing and embedding the tissue in OCT, use a cryostat to prepare sections and perform immunofluorescence according to the text protocol.
4.7.1. MED/CU Talent at cryostat prepares a slide
4.7.2. LAB MEDIA Figure 4E-F
5. Representative Live Imaging Results-(second to last section) 
5.1. Here we performed ex vivo live imaging of single cell divisions within the E8.5 mouse neuroepithelium. To label individual cells, we induced Cre recombinase in a subset of cells containing a Cre reporter line that expressed dsRed upon recombination.
5.1.1. LAB MEDIA Movie1_1D
5.2. As seen here, 48 hours later single cell divisions were observed through ex vivo imaging.
LAB MEDIA Movie2_1D.avi 
5.3. By including a Sonic hedgehog transcriptional reporter-modified BAC transgenic Olig2-eGFP line, we were able to monitor when cells became Shh responsive.
5.3.1. LAB MEDIA Movie3_1D.avi (Editor, for movies 3 and 4, use the Movie(x)withArrow.mov files as a guide and overlay arrows)
5.4. To observe cilia formation, Sstr3-GFP lentivirus were generated and used to infect embryos in culture.

5.4.1. LAB MEDIA Movie4_1D.avi
5.5. Results from time-lapse confocal imaging of the dsRed Cre reporter embryos expressing Olig2-eGFP or infected with Sstr3-GFP lentivirus during in vitro culture are shown here. 

5.5.1. LAB MEDIA Movie5_1D.avi and Movie6_1D.avi, respectively (Editor, show them side-by-side if possible and label with Olig2-eGFP or Sstr3-GFP - may have to slow down movie6 and/or truncate movie 5 a bit)
INSTRUCTIONS FOR AUTHORS:

Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown
5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    

        uninjected control at 48 hours post fertilization looks normal, as expected 

        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms

                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 

        the heads of the uninjected controls look normal 

        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     

                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete: http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj 

6. Conclusion (said by authors on camera)

Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line.
6.1 Author name __ Tamara Caspary ______: Following this procedure, other methods like _including mutant genetic alleles in the cross____________ can be performed in order to answer additional questions like _how alterations in specific genes affect cell behavior and signaling____________.
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 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.

6.2 - Movie2withArrow.mov - Individual cell expressing dsRed undergoes division within the neuroepithelium. White arrow indicates dividing dsRed cell. 

6.2 - Movie 3 withArrow.mov - Neural tube infected with a fluorescent cilia marker SSTR3-GFP. GFP expressed in cilia is pointed by the white arrow.

6.2 - Movie4withArrow.mov - Neural tube of the Olig2-GFP embryo expresses Shh in individual cells. Two dividing cells that express Olig2-GFP are followed by the white arrow. 

6.2 - Movie5withArrow.mov - Asynchrony in cilia formation in dividing dsRed cell infected with the SSTR-GFP lentivirus within the neuroepithelium. GFP is expressed in cilia in one daughter cell following division and is pointed by the white arrow.

6.2 - Movie6withArrow.mov - Asynchrony in Shh signaling in daughter cells of the dsRed and Olig2BAC-GFP positive embryo within the neuroepithelium. Olig2-eGFP is expressed in one daughter cell following division and is pointed by the white arrow.
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.

( 2010, Journal of Visualized Experiments


