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Title:  Mouse fetal whole intestine culture system for ex vivo manipulation of signaling pathways and three-dimensional live imaging of villus development
Corresponding Author:  Katherine D. Walton 
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) Yes  If yes, please list make and model of your microscope: Leica M12.5 stereo microscope(we currently have a camera connected)
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)  No 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps:
2.2, 2.3, 3.1, 3.2, 3.3, 4.1

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Dissecting and handling the embryonic intestines. Work carefully with a mouth pipet to ensure that you do not touch the intestine itself; use the stomach and colon to pick up with forceps fi necessary. 
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 grow whole organ cultures of mouse embryonic intestines ex vivo, thus allowing for the modulation of cell signaling pathways. 

This is accomplished by first harvesting mouse intestines from fetuses between embryonic day 12.5 to 18.5 (P1).
Video editor, use Step 1 cartoons (a big mouse fetus and a mouse embryonic intestine) and the text “Harvest Mouse Embryonic Intestine (E12.5-18.5)”.

The second step is to place the intestines in a transwell culture or live imaging culture plate (P2).

Video editor, use Step 2 cartoons (the bottom container with blue shapes appear first, followed by the upper circle with the intestine images) and the text “Transwell Culture”.
Next, treat the intestines with media prepared with (Video editor, add the left red tube and the text “Treatment Media” in Step 3) the pharmacological inhibitors of cell signaling pathways or (Video editor, add the right clear tube with blue dots and text “Treated Agarose Beads” in Step 3) place the agarose beads soaked with recombinant proteins (Video editor, add the bottom image and text “Live Imaging Culture”) to alter cell signaling on top of the intestines. (P3)
The final step is to image the cultured intestines either in thick (Video editor, show the second image labeled “Vibratome section” in Step 4) vibratome sections or (Video editor, show the third image labeled “Wholemount Image” in Step 4) whole mount. (P4)
Ultimately, confocal imaging followed by (Video editor, show the first image labeled “Vibratome section with confocal imaging and 3D reconstruction” and the forth image labeled “Wholemount confocal imaging and 3D reconstruction” in Step 4) three-dimensional reconstruction is used to visualize how modulation of cell signaling pathways has affected the development of the tissue layers during villus formation (P5).
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Kate Walton: Visual demonstration of this method is critical as the embryonic tissue is very delicate and requires great care during dissection and handling.
Protocol (read by voice talent at JoVE):

2. Whole organ culture system
2.1. To prepare for dissection, soak the dissecting tools in 70% ethanol.  Place the 6-well culture plate and 10 cm Petri dishes with BGJb media on ice.
2.1.1. MED-over the shoulder:  Talent soaks the dissecting tools in 70% ethanol.

2.1.2. MED-over the shoulder:  Talent places the 6-well culture plate and 10 cm Petri dishes with BGJb media on ice.
2.2. Then, remove the intestines from the euthanized fetuses.  Dissect them one by one in 1x DPBS (Text overlay: DPBS: Dulbecco's Phosphate-Buffered Saline).
2.2.1. CU:  A fetus as the intestine is removed.

2.2.2. SCOPE/CU:  A microscope movie to show that the intestine is dissected in 1x DPBS.  Text overlay: DPBS: Dulbecco's Phosphate-Buffered Saline.

2.2.3. [moved] CU:  The Petri plate with working BGJb media as an intestine is placed in it.

2.3. Carefully remove the spleen from the stomach, then the pancreas from the stomach and the upper duodenum.  After that, gently separate the omentum, leaving it attached as much as possible and separating the connections only enough to allow the intestine to be straightened.  Then place the samples in a 10 cm Petri plate with working BGJb media.
2.3.1. SCOPE:  A microscope movie to show that the spleen is removed from the stomach.
MOVIE: MVI_9861wTC.mov time stamp 40 sec to 1:15

MOVIE: MVI-9862wTC.mov at 2 min (removing with pancreas around stomach)
2.3.2. SCOPE:  A microscope movie to show that the pancreas is removed from the stomach and the upper duodenum.

MOVIE: MVI_9861wTC.mov time stamp 40 sec to 1:24
MOVIE: MVI-9862wTC.mov at 50 sec (removing remaining pancreas along small intestine) AND at 2 min removing pancreas with spleen around stomach
2.3.3. SCOPE:  A microscope movie to show that the omentum is gently separated.

MOVIE: MVI_9861wTC.mov time stamp 40 sec to 1:50 to end (omentum is the gauzy looking connective tissue and vasculature along the intestine that is keeping it coiled)
MOVIE: MVI-9862wTC.mov from the beginning and done throughout along with removal of pancreas and spleen

2.2.3 [moved] CU:  The Petri plate with working BGJb media as an intestine is placed in it.
2.4. Next, use a mouth pipet to transfer the intestinal pieces onto the transwells of the culture plate.  Remove the media from under the transwell.  Then add 700 µl of treatment media (Text overlay: working media with added recombinant proteins or pharmacological inhibitors) under the transwell.
2.4.1. MED-over the shoulder:  Talent uses a mouth pipet to transfer the intestinal pieces onto the transwells of the culture plate.
2.4.2. CU:  The transwell as the media is removed.

2.4.3. CU:  The transwell as 700 µl of treatment media is added under it.  Text overlay: working media with added recombinant proteins or pharmacological inhibitors.
2.5. Subsequently, add 300 µl of treatment media drop-wise on the intestines and allow it to soak through the transwell.  Change the treatment media at least once daily or more often, depending on the half-life of the treatment reagent.
2.5.1. CU:  The transwell as 300 µl of treatment media is added drop-wise on the intestines.

2.5.2. MED-over the shoulder:  Talent changing the treatment media.
2.6. Alternatively, gently place the agarose beads on the intestines using a mouth pipet with a pulled capillary needle.  Place the beads with extreme caution, as rough handling will damage the intestine and prevent villus development in the injured area.  
2.6.1. MED-over the shoulder:  Talent gently places the agarose beads on the intestines using a mouth pipet with pulled capillary needle.

2.6.2. CU:  The intestine as the beads are being placed on it. 
ADDED SCOPE SHOT OF 2.6.2
3. Imaging of fixed intestines 

3.1. In this procedure, embed the intestines in 7% agarose in small plastic molds (Text overlay: 10 x 10 x 15 mm) and allow the agarose blocks to cool and solidify.  Afterward, remove the agarose blocks from the plastic molds.  Glue the agarose blocks to the vibratome collection stage with instant glue. 
3.1.1. MED-over the shoulder:  Talent embeds the intestines in 7% agarose in small plastic molds.  Text overlay: 10 x 10 x 15 mm.
3.1.2. CU:  The plastic mold as an agarose block is removed from it.

3.1.3. MED-over the shoulder:  Talent glues the agarose blocks to the vibratome stage.
3.2. Next, fill the collection stage with ice cold 1 x DPBS.  Cut the sections at a thickness of 100-150 µm.  Then, transfer the sections from the collection stage into a well of the 6-well plate for storage at 4°C.
3.2.1. MED-over the shoulder:  Talent fills the collection stage with ice cold 1 x DPBS.

3.2.2. CU:  The tissue as it is being sliced.

3.2.3. MED-over the shoulder:  Talent transfers the sections from the collection stage into a well of the 6-well plate.
3.3. To prepare the slides for mounting, place double-sided tape along the long side of each slide.  Place a drop of 1x PBS on it.  Then, carefully place 5-10 sections on the slide.  
3.3.1. MED-over the shoulder:  Talent places a double-sided tape along the long side of the slide.

3.3.2. CU:  The slide as a drop of 1x PBS is applied on it.

3.3.3. CU:  The slide as 5-10 sections are placed on it.

ADDED SCOPE SHOT of 3.3.3 continuous with ADDED SCOPE SHOT of 3.4.1-3.4.3 (I think).
3.4. Unfold all the sections and spread them out into a single layer across the slide.  Remove any excess agarose or uneven bits that would prevent the coverslip from lying flat.  Carefully use a lab tissue to soak up excess 1x PBS from around the sections. 
3.4.1. CU:  The slide as the sections are spread out into a single layer across it.
3.4.2. CU:  The slide as excess agarose or uneven bits is/are removed.

3.4.3. CU:  The slide as a lab tissue is used to soak up excess PBS from around the sections.

ADDED SCOPE SHOTs of 3.4.1-3.4.3 continuous with 3.3.3 above (I think)
3.5. Next, add a drop of aqueous mounting medium on top of the sections.  Then, place the coverslip over it and seal it onto the slide with melted VALAP.  Afterward, image the vibratome sections on either an upright or inverted confocal microscope. 
3.5.1. CU:  The slide as a drop of aqueous mounting medium is added on top of the sections.

3.5.2. CU:  The slide as melted VALAP is applied to seal the coverslip onto the slide.

3.5.3. MED:  Talent places the sample under the microscope.

4. Setting up live imaging
4.1. Now, use instant glue to adhere an individual polycarbonate membrane to a fine mesh screen.  Place the mesh screen in the center well of a culture plate.  Then, place the dissected intestine onto the polycarbonate membrane and add a drop of instant glue to each of the ends. 
4.1.1. MED-over the shoulder:  Talent uses instant glue to adhere an individual polycarbonate membrane to a fine mesh screen in the center well of the culture plate.
4.1.2. CU:  The culture plate as the mesh screen is placed in the center well.
4.1.3. CU:  The dissected intestine as a drop of instant glue is added to one each of the ends.

4.2. Next, add culture media free of phenol red below the polycarbonate membrane in the center well of the culture plate.  Add water to the outer rim of the culture plate to provide humidity. 
4.2.1. CU:  The culture plate as the culture media free of phenol red is added below the polycarbonate membrane.

4.2.2. CU:  The culture plate as water is added to its outer rim.
4.3. Since the fetal intestine undergoes peristaltic-like waves of contraction in culture, add 100 ul of xylazine solution (Text overlay: 1:5 in 1 x PBS) to 3 ml of media in the center well of the plate to control movement of the intestine while imaging.  Conduct the live imaging using a two-photon confocal fluorescence microscope on an upright stand.
4.3.1. MED-over the shoulder:  Talent adds 100 ul xylazine in 3 ml of media.  Text overlay: 1:5 in 1 x PBS.
4.3.2. MED:  Talent places sample under the microscope.  Text overlay: excitation laser between 690-1040 nm.
WE FILMED 4.3.2 PLACING THE CULTURE DISH ONTO A CONFOCAL MICROSCOPE, BUT THE MICROSCOPE WE WERE ABLE TO USE BY THE TIME WE GOT TO THIS POINT IS NOT AN UPRIGHT CONFOCAL (OBJECTIVE LENSES ABOVE THE SAMPLE)- IT IS THE IDENTICAL MICROSCOPE, BUT WITH INVERTED LENSES AND ACTUALLY WOULD NOT BE ABLE TO BE USED TO IMAGE THE SAMPLES WITH THIS SETUP. SINCE I DON’T THINK THIS SCENE ADDS MUCH TO THE INFORMATIONAL CONTENT, I WOULD PREFER TO LEAVE IT OUT.
5. Results:   Mouse fetal whole intestine culture system and imaging
5.1. Shown here are (Video editor, zoom in C) the cross-sections of freshly harvested E14, (Video editor, zoom in D) E15 and (Video editor, zoom in E) E16 duodenal tissue stained with E-cadherin (Text overlay: green) and DAPI (Text overlay: blue). (Video editor, zoom in F) This intestinal segment was harvested at E14 and cultured for two days (Text overlay: E14+2days).  At E14, the unremodeled epithelium was still pseudostratified, while at E15.0 and E16.0, nascent villi were visible.
5.1.1. LAB_MEDIA:  51817_Walton_Figure 1 C-F. Text overlay: green. Text overlay: blue. Text overlay: E14+2days.
5.2. Here is the three-dimensional reconstruction of the optical sections of PECAM stained vasculature in the E14 duodenum. 
5.2.1. LAB_MEDIA:  51817_Walton_PDGRF_PECAM (time stamp: 00:10-00:19).
5.3. And this figure shows the three-dimensional reconstructions of confocal images from E15.5 vibratome sectioned intestines that were antibody immunofluorescence stained. 
5.3.1. LAB_MEDIA:  51817_Walton_Figure 5
6. Conclusion (said by authors on camera)

6.1. Kate Walton: After watching this video, you should have a good understanding of how to dissect the embryonic tissue, set the intestines up for whole organ culture and prepare the tissue for high quality three-dimensional imaging. 
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:
Movie 2. Rotating movie showing the three-dimensional reconstruction of the optical sections of PECAM stained vasculature in the E14 duodenum in Figure 2. 

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
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