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Questionnaire:
A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____Yes_____  

Can you record movies/images using your own microscope camera? (Y/N)_____N____  

If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: 

we can record image by our microscope, but we cannot record movies. 

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)____N____ 

C.  Location: Will the filming need to take place in multiple locations? (Y/N) ____N 
D.  Which specific actions during your protocol will viewers benefit most from seeing performed in the video?  3.5, 4.3, 5.7, 5.9, 5.14 
1. Introduction (Experimental Goal and Author Interviews) 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this combination of standard methods is to demonstrate how the C.elegans intestine can be used for the in vivo analysis of polarized membrane biogenesis and lumen morphogenesis at the single-cell and subcellular level. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Ali: This method can help answer key questions in the polarity and tubulogensis fields, such as how apical versus basolateral membrane domains and other subcellular asymmetries are established and maintained during and after morphogenesis. 
1.2. Nan: The main advantage of this model system is that this transparent single-layered epithelium of only 20 cells can serve as an “in vivo” tissue chamber to dissect single-cell polarized membrane and lumen biogenesis.   
1.3. Edward: The techniques can be extended to the analysis of other C. elegans morphogenesis phenotypes. The focus here is on the analysis of membrane biogenesis, specifically on apical membrane and lumen biogenesis. 
1.4. Siyang: The procedures include refined imaging techniques in fixed and live animals to distinguish membrane domains and subcellular components and to identify lumen morphogenesis phenotypes in the C. elegans intestine.
Protocol: (read by voice talent at JoVE)
2. Introduction to the Accompanying Publication
2.1. This video on intestinal tubulogenesis is accompanied by a video on excretory canal tubulogenesis, mutually informative models for the in vivo analysis of polarized membrane biogenesis. [1.LM-TXT] [2.LM-TXT]
2.1.1. Fig. 1A from 56100 (left), TEXT: The C. elegans Intestine as a Model for INTERCELLULAR Lumen Morphogenesis and in vivo Polarized Membrane Biogenesis AT THE SINGLE-CELL LEVEL
2.1.2. Fig. 1A-C from 56101 (right), Right: The C. elegans Excretory Canal as a Model for INTRACELLULAR Lumen Morphogenesis and in vivo Polarized Membrane 
Show the two images side-by-side.
2.2. With regard to labeling, the generation of transgenic animals with fluorescently labeled fusion proteins for live imaging [1.LM] is described in the accompanying video on the analysis of excretory canal tubulogenesis.  Such animals can be directly used in RNAi experiments. Their generation is typically the first step in this combination of procedures. [2.LM-TXT]
2.2.1. Blow up on Fig. 1A-C from 56101
2.2.2. Use the following from 56101: 5.4.2, 5.5.1, 5.11.1, 6.2.2, 6.3.2, TEXT: (standard reference to JoVE publication – 56101) 
2.3. This video starts with the alternative labeling method, [3.3.2] antibody staining, for which animals must be fixed. [3.5.1] The different labeling procedures can be combined, [4.5.1] with immunohistochemistry typically being used [4.10.1] for the final imaging analysis. [6.3.1]
2.3.1. Reused shot throughout narrative
2.4. This protocol also has examples of intestine-specific membrane markers, [1.LM] promoters [2.LM] … and other resources useful for both labeling procedures. [3.LM] 
2.4.1. Table 1

2.4.2. Table 2

2.4.3. Table 3

2.5. After demonstrating immunohistochemistry, this video uses a transgenic strain that labels the intestinal apical membrane with ERM-1::GFP to search for polarity and lumen morphogenesis phenotypes using RNAi. [1.LM-TXT]

2.5.1. Fig 4A+B with titles above, TEXT (below): Further details on the targeted genes are provided in the text protocol.
3. Nematode Fixation
Note: Edward presenting
3.1. First prepare a slide to fix the worms. [1.WID] Pipette 30 μL of poly-L-lysine onto a slide and, then, [2.ECU-TXT] set a second slide onto the other and rub them together to spread the solution evenly onto both.  Now, peel apart the two slides and let them air dry for 30 minutes. [3.CU-TXT]
3.1.1. Taking an aliquot of poly-L-Lys (PLL)
3.1.2. Applying PLL to slide, TEXT: 30 µL 0.1-0.2% poly-L-lysine 
3.1.3. Attaching 2nd slide, Rubbing slides together, Peeling slides apart, TEXT: 30 min air dry
3.2. Next, place a flat metal block into a container filled with liquid nitrogen. [1.MED]
3.2.1. Placing block into liquid nitrogen
3.3. Now, transfer the worms to the slide. Wash the plates with M9 solution [1.MED] and transfer about 10 µL of M9 containing the worms. [2.CU-TXT] Alternatively, pick the worms and add M9 to the slide. [3.MED]
3.3.1. Filling 10 ul M9 into pipette tip
3.3.2. Picking worms (staged: larvae) from a plate and transferring them to slide, TEXT: ~ 100 larvae—embryos / slide; ~ 20 adults / slide
3.3.3. Adding M9 to worms (image of larvae swimming in M9) 

3.4. Once the worms are transferred, gently drop a coverslip cross-ways onto them, [1.CU] such that the coverslip overhang one edge. [2.ECU] Then, gently press the coverslip without making any lateral movements. [3.CU] [4.ECU]
3.4.1. Placing the coverslip onto the slide
3.4.2. Detail of the overhang of coverslip over an edge of the slide
3.4.3. Pressing the coverslip down straight with fingers
3.4.4. Image of flattened worms under coverslip (mag may not be high enough to appreciate – then omit)
3.5. Now, immediately transfer the slide to the metal block in liquid nitrogen and let it freeze. [1.MED] After five minutes, “flick off” the coverslip using the overhanging edge. [2.MED] Do this swiftly to get the proper “crack” of the cuticle. [3.CU]
3.5.1. Placing a slide onto the metal block in liquid nitrogen
3.5.2. Removing slide from block and flicking off the coverslip
3.5.3. Record audio—close up of flicking coverslip off with audible crack
3.6. Next, immerse the slide in a methanol-filled glass Coplin jar at -20 °C. [1.MED] After five minutes, transfer the slide to an acetone-filled glass Coplin jar for another 5 minutes, at the same temperature. [2.MED] The slides can be stained directly or stored at -20 ºC. [3.WID-TXT]
3.6.1. Placing slide into jar of methanol, show how the jar is kept at -20 ºC, like if it is loaded back into freezer or if is cooled super-cooled ice
3.6.2. Moving slide from one cold-jar of solution to another
3.6.3. Loading jar into freezer, TEXT: Store at -20 ºC
4. Nematode Antibody Staining 
Note: Edward presenting
4.1. Remove the slide from acetone and let it air-dry at room temperature. [1.WID] Next, mark the location for a circular wall of petroleum jelly on the underside of the slide, [2.ECU] then build up the jelly wall.  Do not rub off the jelly during this procedure. [3.ECU]
4.1.1. Establishing shot of talent removing slide from acetone-jar
4.1.2. Painting jelly circle onto slide

4.1.3. Flipping slide over and marking location of jelly circle with ink

4.2. Next, prepare a “wet chamber” in a bin with wet paper towels [1.MED] and place the slide onto a rack within. [2.CU] There should be no contact between the towels and slide or between adjacent slides. [3.ECU]
4.2.1. Building the wet chamber

4.2.2. Placing slide into the chamber

4.2.3. Detail of slide sitting in chamber, showing that it doesn’t touch the towel below or chamber walls
4.3. Now, pipette enough PBS into the jelly circle to cover the area. [1.MED] Gently place pipette tip at the edge of the circle and allow fluid to smoothly disperse over the worms. [2.ECU-TXT]
4.3.1. Taking aliquot of PBS

4.3.2. Applying PBS to jelly circle, as described, TEXT: ~ 50 µL PBS
Note from authors: From 4.4 to 4.8 the action is repetitive. Only the solutions change. Could be shortened and/or shown differently if space is a problem.
4.4. Then, close the lid and wait five minutes. [1.MED] After five minutes, tilt the slide and slowly aspirate the PBS, taking care not to lose worms from the slide.  [2.CU]
4.4.1. Closing the box lid and starting a timer
4.4.2. Opening the box, tilting and sucking up PBS from jelly circle
4.5. Next, carefully fill the jelly circle with freshly prepared blocking solution [1.MED] and let the slide incubate for 15 minutes, at room temperature. [2.MED]
4.5.1. Taking aliquot of block solution and applying to slide

4.5.2. Closing lid on box and starting a timer

4.6. After 15 minutes replace the blocking solution with blocking solution containing the primary antibody [1.CU] and incubate the slide at 4 °C, overnight. [2.MED]
4.6.1. Aspirating block solution from slide

4.6.2. Adding Ab solution to slide

4.6.3. Loading box into fridge
4.7. The next day, remove the primary antibody and wash the slide [1.MED] by applying and removing blocking solution 3 times.  Allow each block application to incubate for 10 minutes. [2.MED-TXT]
4.7.1. Aspirating solution from slide and ejecting pipette tip to waste
4.7.2. Applying blocking solution to slide, closing lid of box, starting timer, TEXT: Wash 3x blocking solution, 10 min / wash 
4.8. Next, add the secondary antibody diluted in blocking solution, [1.MED] and incubate the slide for an hour at room temperature. [2.CU-TXT] Thereafter, wash the slide two times with blocking solution and then once with PBS. [3.MED-TXT]
4.8.1. Loading pipette with 2º Ab solution
4.8.2. Applying solution to slide, closing box, TEXT: RT, 1 h
4.8.3. Applying blocking solution to slide, closing lid of box, starting timer, TEXT: Wash 2x blocking solution + 1x PBS, 10 min / wash
4.9. Then, remove as much of the PBS as possible without permitting the specimen to dry out [1.ECU] and carefully remove the jelly around the specimen. [2.ECU]
4.9.1. Aspirating all the solution possible out from jelly circle
4.9.2. Carefully wiping off the jelly from slide
4.10. Now, apply a drop mounting medium onto the specimen followed by a coverslip [1.CU] and a nail polish seal. Then, store the slides in the dark at 4 °C. [2.CU-TXT]
4.10.1. Adding mounting medium and coverslip to a slide

4.10.2. Sealing the coverslip with nail polish
4.10.3. TEXT: Store at 4 ºC in dark
5. Applying RNAi to Nematodes using a Feeding Protocol 
Note: Presenting: Siyang (5.1 - 2) and Ali (rest)
5.1. Transfer the RNAi library plate from -80 ºC to dry ice.  [1.WID] Remove the sealing tape and transfer the clone of interest onto selective agar. [2.MED-TXT] Then, streak out the clone and grow the bacteria overnight. [3.CU-TXT] Before returning the library plate to the -80 ºC freezer, apply new sealing tape. [4.CU]
5.1.1. Removing plate from deep freeze and placing on dry ice
5.1.2. Opening frozen plate, picking colonies, TEXT: LB + 100 μg Amp / mL + 15 μg Tet / mL
5.1.3. Streaking a picked colony onto a plate, TEXT: O/N, 37 °C
5.1.4. Sealing plate with new tape.  

5.2. The next day, inoculate colonies from the plate into 1 mL aliquots of liquid medium containing ampicillin. [1.MED-TXT] Then, shake them for about 14 hours at 37 ºC. [2.CU]
5.2.1. Picking single colonies from plate and adding them to different tubes of solution, TEXT: LB + 50 μg Amp / mL  
5.2.2. Setting up tubes in shaker in incubator and starting shaking
5.3. The following day, seed 200 μL per clone onto separate RNAi plates. Let the plates dry [1.MED] and induce the RNAi-production with an overnight incubation at room temperature. [2.MED]
5.3.1. Taking aliquots from tubes and adding them to plates
5.3.2. Covering the plates and stacking them into a corner of the bench
5.4. A day later, transfer five L4 stage worms to each RNAi plate, labeled with the specific gene that is targeted. [1.MED] Then, transfer the plates to an incubator, typically at 20 ºC. [2.WID-TXT]
5.4.1. Picking L4 worms from stock plate and placing them on RNAi plate, labeled with “let-767 RNAi”. 

5.4.2. Placing plates in incubator. TEXT: Modifications to this RNAi procedure for the analysis of the typically lethal tubulogenesis genes are described in the text protocol. 
6. Analyzing Phenotypes using Fluorescence Dissecting Microscopy 

Presenting: Ali
There should be images available for all additional steps indicated below, as well as low- and high magnification images of wild-type and RNAi animals, both bright light and fluorescence.  Numbering may not correspond exactly to the selection suggested below. 
6.1. First, examine control versus RNAi animals [1.MED] under bright light at low and high magnification. [2.SCOPE]
6.1.1. Talent removes the lid and places plate with control animals under the dissecting fluorescence microscope with bright light, focuses on animals under low magnification (1.5x).
6.1.2. Images of control animals (appear wild-type) at bright light were shot through the eyepiece of the microscope. Select images showing fast moving animals.

6.2. Next, examine control versus RNAi animals under fluorescent light with the appropriate filters. [1.MED] Systematically scan plate with RNAi animals from the upper left to lower right of the entire plate, searching for phenotypes.  Look for animals of interest. [2.SCOPE]
6.2.1. Dimming the room lights and switching the scope from bright light to fluorescent light
6.2.2. Images of control animals (transgenic animals with ERM-1::GFP) at fluorescent light were shot through the eyepiece of the microscope (high mag): select animals with a GFP positive intestinal lumen (straight line or doublet along the length and middle of the animal).
6.3. For closer examination of the selected RNAi phenotypes, focus on the intestine and use the zoom to assess tubulogenesis and lumen morphogenesis phenotypes. [1.SCOPE-TXT]
6.3.1. Images of RNAi animals (let-767 RNAi; transgenic animals with ERM-1::GFP) at fluorescent light were shot through the eyepiece (high mag): select animals where straight GFP line or doublet along the length of the animal is replaced by lateral or circular GFP. TEXT: See the text protocol for phenotypes details. 
7. Analyzing Phenotypes using Confocal Microscopy 

Presenting: Nan (mount and confocal), Edward (worm transfer during mount: 7.2)

7.1 To examine the worms of interest under confocal microscopy, [1.WID] first mount and immobilize them. By hand, make a thin circle of vacuum grease or petroleum jelly on a glass slide. [2.CU-TXT] The grease layer should be thin, not thicker than 0.1 mm. [3.ECU/SCOPE]
7.1.1. Establish talent preparing to make confocal slide, all materials gathered
7.1.2. Rubbing circle of jelly/grease on slide, TEXT: ~6-8 mm ø 
7.1.3. Detail of completed grease circle from side view of slide, showing the circle in focus and very thin, a scope may show this better
7.2. Next, add about 3.5 μL of 10 mM sodium azide into the middle of the circle. [1.ECU] Then, swiftly pick worms of interest into the solution under a dissecting microscope [2.MED] before the solution dries. [3.SCOPE]
7.2.1. Adding solution to the grease circle
7.2.2. Picking worms using microscopy to select them 
7.2.3. Image of worms in solution through the microscope eyepiece was shot
7.3. Then, gently apply a coverslip and image the animals within 30 minutes. Use mild pressure and, [1.CU] under the microscope, verify that the worms are not floating in solution. [2.MED] 

7.3.1. Applying a coverslip and pressing lightly
7.3.2. Placing slide on scope to check worms under bright light
7.4. Under the confocal microscope, find the worms under low power and focus. [1.MED] Then, use an 60 or 100x oil-immersion objective to view and image the intestine. [2.CU]  
7.4.1. Talent, at confocal microscope, places slide on stage and sets focus

7.4.2. Applies oil drop to coverslip and rotates in oil immersion objective

7.5. Next, examine the animal under fluorescent light with the appropriate channel to select areas that display the cellular defect of interest. Move swiftly to avoid photo-bleaching. [1.SCOPE]
7.5.1. An image of a fluorescent mutant animal (let-767 RNAi) was shot through the eyepiece of the microscope. (A screenshot would show a laser image).  
7.6. Then, switch to laser scanning and restrict the image to the intestine by setting scanning boundaries at its dorsal and ventral side.  Capture an image series [1.SCREEN] and, later, merge the images into a single projection image. [2.SCREEN]
7.6.1. Screenshots were made of: setting up scanning parameters; the RNAi animal with the tubulogenesis phenotype (intestinal GFP basolaterally displaced); setting of intestinal boundaries for the sections; collecting an image series. 
7.6.2. Screenshots were made of a projection of the previously collected sections and the projection was rotated. Confocal images of series and projection can be provided.
8. Results: Immunohistochemistry, RNAi and Microscopic Analysis of Intestinal Apical Membrane and Lumen Morphogenesis 
8.1. This protocol describes how to molecularly analyze and visually dissect polarized membrane biogenesis in the developing C. elegans intestine where apical membrane and lumen morphogenesis coincide. 
8.1.1. Figure 1A – show the graphic of E16, pan to the right to E20 and then L1-L4. Next add an arrow from the L1-L4 graphic to draw on the tubular graphic entitled “…membrane elongation”, then draw on the grey box in it and fade on the image of the cell at the bottom of Figure 1A
8.2. Apical and basolateral membrane domains, membrane-associated junctions  [1.LM] and the intestinal lumen could be resolved, and their relation to [2.LM] each other could be examined throughout development. [3.LM]
8.2.1. Fig 2B – remove the letter title, keep all the other text
8.2.2. Fig 2C – remove the letter title, keep all the other text
8.2.3. Fig 2E – remove the letter title, keep all the other text
8.3. These subcellular components could be labeled by fluorescently-tagged antibodies [1.LM-TXT] or fluorescent fusion proteins for double and triple labeling, [2.LM-TXT] as described in the accompanying paper. [3.LM-TXT]
8.3.1. 56101 Figure 2A – no animations needed, just remove letter title
8.3.2. 56101 Figure 2D – no animations needed, just remove letter title
8.3.3. 56101 Figure 2B – no animations needed, just remove letter title, TEXT: reference to 56101
8.4. Gross lumen defects could be quickly scanned by using a dissecting fluorescence microscope. The apical membrane-cytoskeleton linker ERM-1 coupled to GFP is a robustly expressed marker, useful for an RNAi-screen.  An array of novel intestinal lumen morphogenesis and polarity phenotypes, along with their underlying gene defects, were uncovered when using this marker. [1.LM]  
8.4.1. Figure 3 – start with just panels A and B on top, then gradually add all the other panels (C to I) as soon as “useful for an RNAi screen. …” is said.
8.5. Then, higher magnification images acquired by a confocal laser scanning were used to more carefully examine the phenotypes to better understand the underlying defects. [2.LM]

8.5.1. Figure 4 – start with just panels A and B on top, then add the other images as pairs (each pair is a row).  Keeping A and B and the titles around them, move the next highest image rows off the screen to make room for G/H, then I/J and, then, K/L 
8.6. Some phenotypes could be quantified.  Quantification was used to compare such defects and track their progression through development. [1.LM]
8.6.1. Figure 5B – no animation needed

9. Conclusion (said by authors on camera)
9.1. Ali: After watching this video, you should have a good understanding of how to label intestinal membrane and endomembrane compartments by immunostaining and how to analyze loss-of-function RNAi phenotypes of polarized membrane and lumen biogenesis.
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, .eps, 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.

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 are included in the email accompanying the finalized script.
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