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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) _______Y__ If yes, please list make and model of your microscope: __Two microscopes, Stemi 2000 Zeiss and Leica M165 FC.  The Stemi 2000 is more important.____________________________
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___N_____ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps_____________2 and 3_____________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? ______________dissecting the embryonic cochlea. Only practice can ensure success_______________

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 image an embryonic cochlea taken from a fluorescent reporter mouse, at 30 minute intervals over five days. (Intro)

This is accomplished by first harvesting embryonic day 13 cochleae from fluorescent reporter mice. (P1, Editor, begin with the left hand panel in P1.  Add in the red square around the mouse’s ear, then zoom in on the red box and transition to the center panel in P1 without the green square.  Then add the green square and transition to the right hand panel in P1.)

Next,  the cochleae are cultured in vitro. (P2, Editor, zoom out on right hand panel in P1, bring in the round dish with the square and red circle in the middle and place the zoomed out panel into the red circle.)

Then, the cochlear explant cultures are placed in an incubator microscope. (P3, Editor, zoom out on the panel in P2, bring in the picture of the incubator in P3, and place P2 into the incubator.)

Finally, an automated imaging routine is set up and the cochleae are imaged. (P4, Editor, transition from the image in P3 into ‘screen shot metamorph.jpg’ here.)

Ultimately, long term time-lapse imaging of cochlear explant cultures can be used to show morphogenetic movements of the cochlear epithelium as a whole, as well as changes in reporter gene expression over time and the effects of slow acting pharmacological agents. (P5, Editor, show the panels in Figure 1A 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. Please keep all layers in the file (i.e., do not flatten the file).   


B.  Interview: (Said by you on camera. Don’t forget to smile!)  


1.1. Author name _____Jo Mulvaney____: The main advantage of this technique over existing methods, like ___manually photographing explant cultures over a time course_______, is that ___this system is entirely automated, it allows more time points to be collected and it ensures that the same region of the cochlea or set of cells is imaged in the same orientation at every time point while growing inside a regular CO2 incubator._______.   
1.2. Author name ___Jo Mulvaney______: Visual demonstration of this method is critical as the _dissection _____________ steps are difficult to describe, because _____it’s important to see the movement of the hands and how the tools are positioned to learn the easiest technique__________.   


Protocol (read by voice talent at JoVE):


2. Culturing Embryonic Cochleae and Explants

2.1. After supplementing Dulbecco’s Modified Eagle Medium, or DMEM, and Hank’s Balanced Salt Solution, or HBSS, according to the accompanying text protocol, under a laminar flow hood, use 5 ml of unsupplemented DMEM to resuspend 200 ul of basement membrane substrate.
2.1.1. WIDE Talent approaches bench and places DMEM and HBSS on bench
2.1.2. MED/CU Supplemented DMEM and HBSS on bench
2.1.3. CU Talent at hood adds 5 ml of DMEM to basement membrane substrate and resuspends

2.2. Pipette 150 µl into to the center of each 10 mm well of a 35 mm diameter glass bottomed culture dish.   Incubate for 40 minutes in a CO2 incubator at 35C (TEXT: can be stored for at least 1 wk at 35C).
2.2.1. CU Talent pipettes 150 ul of resuspended basement membrane into wells
2.2.2. WIDE Talent places dish into incubator

2.3. To prepare the workstation and tools, turn on the laminar flow clean bench and use 70% ethanol to spray it down and to soak forceps, spoons, and a black silicone-coated dish.  
2.3.1. WIDE/MED Talent turns on laminar flow clean bench
2.3.2. MED/CU Talent sprays down work bench and forceps, spoons and dish are visible soaking

2.4. In the clean workstation, harvest embryos of the appropriate gestation in ice cold HBSS supplemented with 1% HEPES.  Using a fluorescent stereo microscope, identify embryos that exhibit reporter activity externally or within a visible organ and transfer them to fresh ice cold HBSS with 1% HEPES.
2.4.1. CU Talent harvests embryos and places in HBSS/HEPES
2.4.2. SCOPE Talent identifies embryos with fluorescence externally or within a visible organ
2.4.3. CU Talent transfers embryos to fresh dish of HBSS/HEPES

2.5. For collecting temporal bones, using a cool light source and fine forceps, work quickly to clip at the cervical vertebrae and below the jaw to collect the heads.  
2.5.1. SCOPE CU Talent working under scope uses fine forceps to clip at cervical vertebrae and below jaw

2.6. After collecting the embryo heads according to the text protocol, carefully open the skull.  Then remove the brain, trim off the front of the head and transfer the posterior skull to a dish with fresh ice cold HBSS/HEPES.  
2.6.1. SCOPE Talent opens a skull
2.6.2. SCOPE Talent removes brain then trims off the front of the head
2.6.3. CU Talent transfers posterior of the skull to a dish of fresh HBSS/HEPES

2.7. Carefully dissect out the peanut shaped temporal bones, taking care to keep the vestibular system in tact.
2.7.1. [bookmark: _GoBack]SCOPE Talent dissects out the temporal bones, keeping vestibular system in tact USE take 2

2.8. To dissect the cochlea, transfer the temporal bones to a black silicone elastomer-coated dish in ice cold HBSS/HEPES.  Pin the vestibular region of the bone by inserting pins at an oblique angle in order to stabilize the temporal bone and create room for the forceps.
2.8.1. CU Talent transfers temporal bones to black silicone elastomer coated dish of medium
2.8.2. SCOPE/ECU LAB MEDIA Talent pins vestibular region of the bone by inserting pins at oblique angle Pinned temporal bone
2.8.3. [added] LAB MEDIA Pinned temporal bone with outline of bone drawn on
2.8.4. [added] LAB MEDIA Pinned temporal bone with cochlea drawn on [You are welcome to relabel these pictures or redraw the shapes]

2.9. Next, carefully remove the cartilage surrounding the cochlea by inserting one tine of the forceps into the cartilage at the outer edge of the base of the cochlea and clipping a hole in the cartilage. 
2.9.1. SCOPE Talent removes cartilage around cochlea LAB MEDIA Cut is made up the side and a flap cut off
2.9.2. SCOPE Talent inserts tine of forceps into cartilage at outer edge of the base of cochlea and clips hole in cartilage

2.10. Then, clip a flap up the side, insert the tine of the forceps and gently separate the roof of the duct from the cartilage.
2.10.1. SCOPE Talent clips a flap up the side
2.10.2. SCOPE talent inserts tine of forceps and gently separates roof of duct from cartilage

2.11. (now 2.10) Clip horizontally across the top and diagonally, and carefully lift off the front section of the capsule. Insert a prong of the forceps in between the remaining cartilage and the duct and gently clip off the remaining cartilage. The apical surface of the cochlea is now exposed.
2.11.1. SCOPE (now 2.10.1) LAB MEDIA Talent clips horizontally and then diagonally
2.11.2. SCOPE (now 2.10.2) LAB MEDIA Talent lifts cuts off front section of capsule
2.11.3. SCOPE Talent inserts prong and gently lifts off last section to expose apical surface of cochlea
2.11. [added] Remove the remaining cartilage and mesenchyme surrounding the cochlea.
2.11.1 LAB MEDIA remaining cartilage etc removed.
2.12 Starting at the base, catch the area where the roof of the duct meets the cochlear epithelium and open the cochlear duct. Gently peel off the roof, trimming when necessary until it is completely removed.
2.12.1 SCOPE LAB MEDIA Talent catches area where roof of duct meets cochlear epithelium and opens cochlear duct
2.12.2 SCOPE LAB MEDIA Talent gently peels off roof and trims when necessary until completely removed

2.13 Trim off any portions of membrane left on the medial side of the duct.  Then clean the duct of excess mesenchymal tissue and detach the duct from the vestibular system.
2.13.1 SCOPE LAB MEDIA Talent trims off any membrane left on medial side of duct
2.13.2 SCOPE LAB MEDIA Talent cleans off mesenchymal tissue
2.13.3 SCOPE LAB MEDIA Talent detaches duct from mesenchymal system

2.14 To culture explants, place one, luminal surface up, in the center of a substrate coated glass bottom culture dish.  Carefully draw off the liquid and leave for two minutes.  Then dropwise, add 150 ul of supplemented DMEM to the explant, taking care not to disturb it so that it can settle to the substrate.
2.14.1 SCOPE Talent places an explant into a glass bottom culture dish
2.14.2 SCOPE/ECU Talent carefully draws off liquid
2.14.3 SCOPE/ECU Talent carefully adds drops of supplemented DMEM
2.15 Place the glass bottom dishes in a deep 12 cm diameter petri dish, with a small dish of sterile water to maintain humidity. Put the cultures into a 35°C incubator overnight in order for the explants to attach to the substrate and flatten.
2.15.1 CU Talent places dishes into 12 cm Petri dish with small dish of sterile water
2.15.2 WIDE Talent places dish in incubator; B need another version placing sample dish holder and dishes into incubator for 3.5.1 below
3 Live Imaging

3.1. To perform live imaging, after selecting samples, use a fluorescent stereo microscope to evaluate the condition of each explanted cochlea and select only explants where the duct is intact and attached to the glass from the base to apex.
3.1.1. MED Talent at scope places a sample on microscope stage [I think we missed this shot, but we included a view of the explant in brightfield and fluorescing so the time is made up.]
3.1.2. SCOPE/lab media Sample with duct intact and attached to the glass from base to apex
3.2 Set the incubator at 35 °C with 5% CO2 to culture cochlear tissue.  Gently aspirate the supplemented DMEM from the cultures and replace it with at least 500 μl of fresh medium.
3.2.1 MED/CU Talent sets incubator to culture cochlear tissue
3.2.2 MED/CU Talent finishes aspirating medium and replaces with fresh medium

3.3 In cases where explants are loosely attached, pipette a ring of medium around the edge of the dish. This extra liquid will make a miniature ‘humidified chamber’ without disturbing the explant while it continues to attach to the matrix. 
3.3.1 ECU Talent pipettes a ring of medium around edge of dish, Videographer, get enough footage for the entire VO here USE TAKE 2

Switch order of 3.4 and 3.5
3.4 Alternatively, to prevent disturbing the explant if media is to be changed during the imaging period, use hinged dish covers that will allow opening of the lids while the dish stays in its fitting in the microscope.
3.4.1 ECU Talent opens a hinged cover on a dish in the fitting in the microscope 

3.5 The microscope in this example has a rotating platform that holds eight 35 mm sample dishes. Under the laminar flow hood replace the plastic lids with glass lids and insert the dishes into the sample dish holder.
3.5.1 MED/CU Shot of rotating platform showing the slots for the 8 dishes
3.5.2 MED/CU Talent under hood replaces plastic lids with glass
3.5.3 CU Talent places dishes in sample dish holder

3.6 Place the sample dish holder inside the incubator microscope taking care not to dislodge the explants from the bottom of the dish or to disturb the medium.  
3.6.1 WIDE/MED Use 2.15.2B here shot of dish holder being put in the microscope’s incubator

3.7 To set up the imaging routine, switch on the microscope, UV lamp and camera, and open the imaging software.  
3.7.1 MED/CU Talent switches on microscope and UV lamp
3.7.2 MED Talent switches on  UV lamp and camera
3.7.3 MED OVER SHOULDER Talent opens software

3.8 For each sample located, pick an imaging area,  plane of focus and exposure, keeping in mind not only the view of the explant at the time of starting, but also how the tissue will move during the course of the run. 
3.8.1 SCOPE LAB MEDIA Talent picks an imaging area
3.8.2 LAB MEDIA/SCREEN Talent sets exposure and then focuses

3.9 In the fluorescence channel, set a Z stack centering around the selected focal plane. Then set the frequency and length of the sampling for the experiment.  This will be limited by the time it takes to collect images.
3.9.1 LAB MEDIA/SCREEN Talent sets a Z stack centered around the focal plane selected
3.9.2 LAB MEDIA/SCREEN Talent sets frequency and length of sampling for experiment

3.10 To generate a movie, at the end of a time-lapse period, use a software such as Metamorph to open the image files for a sample.  Frame by frame, pick the best focal plane for showing the cell population of interest.
3.10.1 [3.10.1 to 3.11.1 combined] LAB MEDIA/SCREEN Talent opens an image file in Metamorph
3.10.2 LAB MEDIA/SCREEN Talent selects best focal plane frame by frame for showing cell population of interest

3.11 Finally, convert the images to a .avi file or export them as a montage to generate a set of images that can be opened and analyzed in image processing software or converted to other formats.  
3.11.1 LAB MEDIA/SCREEN Talent converts file to a .avi file
4 Results: Cochlear Explant Time Lapse
4.1 Shown here is a movie demonstrating how an organotypic cochlear explant will grow if plated on E13.5.  A Sox2 reporter mouse was used to visualize the prosensory region as seen in green.  As the cells of the nonsensory regions divide and move, the non-proliferative sensory-region, in green, undergoes tissue rearrangements and convergent extension movements.  
4.1.1 LAB MEDIA Figure 2 (movie)

4.2 A second time-lapse experiment centering on the mid base of a different cochlear explant demonstrates that as it extends, the prosensory region narrows. When first in culture, the tissue thickness makes it possible to identify regions of expression but not individual cells, however, after three days in culture, the tissue has flattened considerably, making it possible to visualize individual fluorescing cells.
4.2.1 LAB MEDIA Figure 4 (movie), Editor, with the VO, ‘the prosensory region arrows,’ at ~1:05 in the movie, point out the fluorescent band at the perimeter of the growing cell that will further narrow.  With the VO, ‘making it possible to visualize individual fluoresceing cells,’ point out the tiny circles at the edge of the top of the cells over to the right at ~2:20.

5 Conclusion (said by authors on camera)

5.1 Author name Jo Mulvaney: Following this procedure, other methods like immunofluorescence staining, or protein and RNA extraction can be performed in order to evaluate changes in gene expression at the molecular level.
5.2 Author name  Jo Mulvaney: After watching this video, you should have a good understanding of how to dissect and culture embryonic cochleae, and how to use an incubator microscope to perform live imaging on whole explants over a period of days.

       

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.  

Insert your media filenames here.
2.9.1.MP4
2.10.1/MP4
2.10.2.MP4
2.11.1.MP4
2.12.1.MP4
2.12.2.MP4
2.13.1.MP4
2.13.2.MP4
2.13.3.MP4

For section 3.8/9, there are two options, one where I did each step separately, and one where I did the whole process in one go. 
shots3.81through3.92.mp4
3.8.1.MP4
3.8.2.MP4
3.9.1.MP4
3.9.2.MP4
3.10.3.11.MP4



Figure 2 (movie)

Figure 4 (movie)

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

