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1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

The overall goal of this procedure is to monitor gene expression and cell fate decisions (acid mucin goblet cells) in a developing marine elasmobranch. (Intro)  This is accomplished by first hybridizing a gene-specific RNA probe in whole mounted embryos. (P1)  The second step of the procedure is to visualize gene expression in the embryos. (P2)  After sectioning and staining for alcian blue and nuclear fast red (P3) … examine the tissue for the expression of gene-specific messages and the presence of acid mucin-producing goblet cells. (P4)
[image: image1.jpg]S ST ﬂ
RNA probe

(P1) (P2)

Paraffin embed and section Histological stain Visualize
(P3) (P4) (PS)




Video editor:
P1: label the comb-shaped object (purple) “Anti-sense RNA probe” and have it disappear into the left-hand photo.

P2: fade from P1 to the image over P2.
P3: have the P2 image disappear into “Favorite Graphics/…/Equipment/Sectioning copy.png” 
P4: show Figure2a.

B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Nicole Theodosiou: The main advantage of this technique over existing methods for RNA whole mount in situ hybridization, is that this method is specifically adapted for marine elasmobranchs.   

2. Embryo Pre-treatment and Hybridization
2.1. Begin this protocol with staged, skate embryos in methanol, stored at -20 ºC and a prepared RNA probe. (TEXT: See the accompanying document for details.)  For embryos staged at 29/30 or later, an epidermis body may be lifted from the embryo.
2.1.1. WID: talent takes embryos out of freezer and brings them to the bench
2.1.2. CU: show the skate embryos are transferred to a dissection dish, details of the anatomy should be made clear
2.1.3. MED: talent  at scope, positions dish at stage and begins dissection of epidermal layer
2.2. Under the microscope, carefully dissect off the epidermal layer to maximize the probe’s penetration.
2.2.1. SCOPE: the epidermal layer is removed, demonstrated 2x, this needs to be long enough to cover the dialogue for 2.2 and 2.3
2.3. Nicole Theodosiou:  The most critical step to this protocol is ensuring complete probe penetration of the embryonic tissue.  For older embryos, this includes removing the outer epidermal layer from embryos and an adequate proteinase K treatment.  
2.3.1. MED/WID: interview shot of Nicole, she is seated at the scope, just finishing step 2.2, use some of this shot to establish that it is Nicole speaking to the camera

2.3.2. Reuse 2.2.1, continue using the shot over Nicole’s narrative
2.4. Transfer the embryos in clean glass scintillation vials and rehydrate them using a reverse methanol series with gentle rocking in each solution for 5-30 minutes at room temperature.  (TEXT: 75%, 50%, 25% methanol:PBT)
2.4.1. MED: moving the embryos from dissection dish into vial(s) of solution that are then placed on a rocker – on bench bottles labeled 75% MeOH:PBT, 50% MeOH:PBT, 25% MeOH:PBT and PBT are all visible and in order.
2.4.2. MED: vial(s) removed from rocker, solution is removed and replaced 50% methanol:PBT,  then set to rock again
2.5. Complete the rehydration with two washes in PBT for 10 minutes each, with gentle rocking. Bleach in 6% hydrogen peroxide/PBT for one hour, rocking. Then repeat the PBT wash with rocking.
2.5.1. CU: pour from bottle labeled PBT, label is clear in shot, vial is loaded with solution
2.5.2. MED: and set to rock (use shot 2.4.1B)
2.5.3. Pour off PBT, replace with 6% H2O2 (hydrogen peroxide) for 1 hour
2.5.4.  Repeat shots 2.5.1 and 2.5.2
2.6. Next, treat the embryos with PK for penetration of the probe during hybridization.  The duration of the incubation and the amount of enzyme used must be determined empirically.  It is best to use fresh PK enzyme that has been tittered and tested. (TEXT: 30 µg PK/ mL PBT, 20 min, RT)
2.6.1. WID: talent arrives at bench with PK tube, on ice
2.6.2. MED: talent takes aliquot of PK and adds it to vial, then caps vial and sets it to rock, start a timer
2.6.2B  Re-use shot 2.4.1B for rocking shot.
2.6.3. CU: timer, show the countdown begin from 20:00 (20 minutes)
2.7. Next, quickly rinse the embryos in PBT to wash away the PK.  Then, to deactivate the PK, postfix the embryos with 4% PFA, 0.2% glutaraldehyde in PBT for 20 minutes with gently rocking.
2.7.1. MED: talent perform the quick PBT wash of the embryos, bottle of PBT is clearly visible in shot, label out
2.7.2. MED: from a clearly labeled bottle (4% PFA, 0.2% glut… ) solution is aliquoted and added to the embryo vial
2.7.3. CU: vial placed on rocker and set in motion
2.8. Remove the PFA solution with two washes in PBT of 10 minutes each.
2.8.1. Reuse shot 2.5.1
2.9. For pre-hybridization, add just enough pre-heated hybridization solution to cover the embryos – typically 2 to 3 mL.  Then, incubate the embryos at 70 ºC, for 1 hour, with gentle agitation.
2.9.1. CU: solution added to the embryos so they are just covered up.
2.9.2. WID: talent brings embryos to a 70 C incubator, attaches them to incubator/rocker, starts motion and closes door
2.10. To prepare the hybridization solution, preheat the RNA probe to 70 ºC for 10 minutes and let it cool on ice. 
2.10.1. MED: talent places a tube of probe in a water bath and starts a timer to count 10 min
2.10.2. MED: talent transfers tube to ice
2.11. Replace the pre-hybridization solution with fresh preheated hybridization solution, just enough to cover the embryos.  Add 15 to 20 µL of the RNA probe to the vial. Tightly secure the lid and set it rocking gently at 70 ºC, overnight.
2.11.1. WID: removes the embryos from incubator
2.11.2. Use 2.10.3. MED: change fresh hybe solution
2.11.2B.  Use 2.10.4 Add probe tube on ice to add to vial with embryos in hybe solution
2.11.3. Reuse 2.9.2
3. Applying the Antibody
3.1. Continue the protocol by removing the probe solution from embryos in vial. 

3.1.1. WID: talent removes probe solution from around embryos
3.2. Then, follow a series of six washes through solution 1 and solution 2, all with gentle rocking. (TEXT: 3X 30 min Solution #1, 70 ºC; 3X 30 min Solution #2, 70 ºC). Transfer the embryos to a netwell in a 6-well tissue culture plate followed by three washes with TBST.  (TEXT: 3X 5 min TBST, 22 ºC).
3.2.1. MED: wash solutions are all in line with labels clearly visible: #1, #2, TBST – talent adds solution #1 to vial and sets the vial to rock, then starts a 30 minute timer
3.1.2. CU: placing the embryos in netwell in 6-well plate (this was moved down from above)
3.2.2. TBST, room temp, 5 minutes
3.2.2B Switch netwell from one well to another
3.2.3. The put on cover and start rocking
3.3. To pre-block the embryos, prepare a solution of 10% heat-inactivated sheep serum in TBST. After adding the solution to the plate, rock the embryos at room temperature for one hour.
3.3.1. WID: talent prepares solution by adding sheep serum to TBST 
3.3.2. CU: add prepared solution of 10% sheep serum in TBST to plate
3.3.2B
Place plate on rocker.
3.4. To add antibodies, transfer the embryos from the netwell to a glass scintillation vial containing 1:5000 anti-DIG Fab Fragments in 1% heat-inactivated sheep serum/TBST.  

3.4.1. MED: loads a vial with “1:5000 anti-DIG Fab Fragments in 1% heat-inactivated sheep serum/TBST” 
3.4.2. MED: transfers the embryos from the netwell to this vial
3.5. Set them rocking overnight at 4 ºC.
3.5.1. WID: outside cold room door, marked 4 ºC.
3.5.1B
WID: sets the vial to rock in a refrigerator or in a cold room, then walks away
3.6. The next day, in the morning, remove the antibodies and place embryos back into the netwells. 
3.6.1. WID: talent looks slightly different, this is the “next day” – talent has vial, already removed from rocker and arrives at bench
3.6.2. MED: transfers the embryos from the vial to the netwells in a 6-well plate
3.7. Over the course of the day, perform for a series of washes in TBST and finish with an overnight wash. (TEXT: Wash 3X 5 min, 6X 60 min, 1X 16-72 hr, 4 ºC)
3.7.1. MED: TBST bottle is opened and poured in wells and plate set to shake 
3.7.2. CU>ECU: slow zoom on embryos in netwell, in solution, shaking  
3.7.2B put shot 3.5.1 of cold room door
3.7.3. Put plate into cold room shaking overnight.
4. Detection of Probe
4.1. Once the antibody washes are complete, transfer the embryos to a glass scintillation vial with fresh NTMT.  Wash them three times in fresh NTMT for ten minutes per wash.  

4.1.1. WID: talent has a slightly new look, this is the “next day” again – talent at bench, preparing to transfer the embryos

4.1.2. MED: with NTMT bottle label clear in shot, talent removes solution from vial and replaces it with NTMT solution, then sets the vial to rock and starts timer
4.2. Replace the last NTMT wash with an NBT plus BCIP reaction mixture (TEXT: 1X NBT, 1X BCIP in NTMT).  Because these reactants are light sensitive, cover the scintillation vial in foil.    Then, set the to rock at room temperature.
4.2.1. CU: the bottle of NBT + BCIP, label clear (over foil), adds solution to vial, wraps the vial in foil 
4.2.2. MED: sets it to rock
4.3. Monitor the color reaction every 15 minutes until the desired gene expression is clearly visible.  

4.3.1. MED: talent inspects the vial content, removes a sample and then returns it to rocking, sets timer to countdown 15 min
4.3.2. ECU: the sample from the vial, showing the color, not quite complete Video editor: this is sandwiched into 4.3.1 after the sample is removed and before it is returned to the vial
4.4. When the reaction is complete, wash the embryos twice in PBT. (TEXT: Wash 2X, 10 min / wash) 
4.4.1. ECU: another sample is taken from the vial, this one shows the color needed
4.4.2. MED: talent removes solution form vial and adds PBT, taken from a clearly labeled bottle
4.5. Then, postfix the embryos in 4% paraformaldehyde plus 0.1% glutaraldehyde for an hour.  Finally, visualize embryos with a dissecting stereomicroscope.
4.5.1. MED: loading pipette from 4% PFA + 0.1% glut… bottle, then adding to vial
4.5.2. SCOPE: embryos after postfix step
5. Alcian Blue / Nuclear Fast Red Stain of Elasmobranch Tissue
5.1. After embedding and sectioning the elasmobranch tissue, place the slides with the sections facing upward on a slide warmer.  Melt them for 45 minutes.  (TEXT: Consult the written protocol for embedding and sectioning instructions.)
5.1.1. WID/CU: talent arrives at slide warmer with slides and slides are being set on warmer
5.2. Next, take the slides in a slide holder to a fume hood.  Dissolve the paraffin by washing the slides twice in xylene for 5 minutes per wash.
5.2.1. MED: loading last slides from warmer and placing them in holder, then leaves bench

5.2.2. WID: at hood, slides are dipped into a bath of xylene solution, timer started
5.3. Then, rehydrate the slides in an ethanol series at 1 minute per solution. (TEXT: 100%, 100%, 75%, 50%, 25% EtOH and dH2O) 

5.3.1. MED: six baths are set up, each labeled with a % of EtOH, talent transfers the slide holder from the second xylene bath (a first, already used, xylene bath is next to the second) to the first ethanol bath

5.3.2. MED: moving slide holder from next to last ethanol bath to last bath (water)
5.4. Now, stain the rehydrated tissue in Alcian Blue Solution, pH 2.5, for 15 minutes.
5.4.1. MED: moves the slide holder to a the Alecian blue bath, the bottle of Alecian blue is near bath with label clear, talent starts a timer
5.5. Develop the stain by rinsing the tissue in running tap water for 3 minutes. Then, dip the rinsed tissues once in distilled water and put them into the nuclear fast red counterstain solution for ten minutes.
5.5.1.  MED: removes the slide holder from alecian blue bath and carries towards faucet

5.5.2. CU: under faucet, running water over the slide holder

5.5.3. MED: two baths, one of water and one of counterstain – the slides are dipped into the water bath then moved to the counterstain bath
5.6. Again, rinse the slides in running tap water for 3 minutes and dip them in distilled water. 
5.6.1. WID: removing the slides from the counterstain and running them under the tap water like 5.5.1 and 5.5.2, just a wider following shot
5.7. Now, dehydrate the tissue with in an ethanol series (TEXT: 25%, 50%, 75%, 100%, 100% EtOH) using 20 dips per solution.  After the dehydration, wash the slices in xylene twice for 5 minutes per wash.  
5.7.1. WID: talent brings the slide holder back to the bench and dips them into the last ethanol bath (reversed direction from 5.3.1, but set up similarly), two xylene baths are also ready

5.7.2. MED: moving the slides from the last ethanol bath (100%) to the first xylene bath
5.8. Mount the prepared tissues with DPX mounting medium and coverslips.  Before manipulating slides, allow the mounting medium to dry and harden for 48 hours in the hood.
5.8.1. CU: adding DPX medium and cover slip to a slide

5.8.2. MED: sets the slide aside to dry, along with others set to dry and begins mounting the next slide
6. Shh, Hoxa13 and Mucin-rich Globlet Cell Staining
6.1. RNA whole mount in situ’s of skate embryos depict expression of Sonic hedgehog and Hoxa13.  Expression of Sonic hedgehog in higher vertebrates is found in the notochord and gut endoderm and this expression pattern is conserved in the skate.
LAB MEDIA: Figure 1a 
6.2. Marine elasmobranches have a unique method of osmoregulation that uses the rectal gland to secrete salts.  Hoxa13 expression is high in the developing rectal gland, but its role here remains unknown.
LAB MEDIA: Figure 1b  
6.3. Staining the digestive tract with Alcian blue reveals acid mucin-containing globlet cells.  The distribution of acid mucins differs throughout the digestive tract, reflecting differences in acid mucin function.  Acidic mucins are sparsely produced in the spiral intestine and cloaca ….

LAB MEDIA: Figure 2a

LAB MEDIA: Figure 2c

6.4. … whereas, in the distal intestine, they are at a higher concentration.

LAB MEDIA: Figure 2b

7. Conclusion (said by authors on camera)

7.1. Nicole Theodosiou: While attempting this procedure, it’s important to follow common practices for handling RNA in order to avoid contamination by nucleases.

Provided Media

6.1 – 50165_Theodosiou_Figure 1a.tif -  color image of Shh expression

6.2 – 50165_Theodosiou_Figure 1b.tif -  color image of Hoxd13 expression
6.3 – 50165_Theodosiou_Figure 2a.tif -  color image of spiral intestine 

6.3 – 50165_Theodosiou_Figure 2c.tif -  color image of cloaca

6.4 – 50165_Theodosiou_Figure 2b.tif -  color image of distal intestine
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