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Title: Production of Xenopus tropicalis Egg Extracts to Identify Microtubule-associated RNAs
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____

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

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps__2.2, 3.3, 3.7, 3.8, 3.9, 4.3____
D.  What is the single most difficult aspect of this procedure and what do you do to ensure its success? 

Getting the frogs to consistently lay good quality eggs. Frogs are housed in a temperature controlled system and used regularly. However, it can still be difficult to ensure consistency. 
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.  
Conceptual Narrative:
The overall goal of the following experiment is to produce a cytoplasmic extract from unfertilized Xenopus tropicalis eggs that can be used to recapitulate many cellular processes in vitro (Intro).
This is achieved by first injecting hormones to induce Xenopus tropicalis to lay unfertilized eggs (P1, Editor, use the frog here and bring in a syringe (stock image?) and inject into the frog between the back two legs). 
Next, the eggs are collected, washed and crushed by centrifugation, and the egg cytoplasm is isolated (P2, Editor, transition from frog to the tube with the eggs and then transition/transform it into the green tube here.).   

Then, the extract is used to purify microtubules, associated proteins and RNAs, to gain a genome-wide view of mRNA localization (P3, Editor, pour the green liquid into a new tube so that it looks like the third tube (with the green band and red lines near the top), then have the red lines sink to the bottom of the tube as in the fourth tube.  Include the text: tubulin, MAPs, and MT-RNA).
Results are obtained that show _hundreds of mRNAs specifically associate with meiotic microtubules based on high-throughput sequencing of microtubule-associated RNAs. (P4, Editor, using the panels in B and C here, begin with the panel in B, then bring in the left hand panel in C and the right hand panel).
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.  
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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 __Mike Blower_______: The main advantage of this technique over existing methods like using _Xenopus laevis egg extracts_________, is that __Xenopus tropicalis have a sequenced genome which allows comprehensive identification of transcribed sequences and expressed proteins not currently possible with Xenopus laevis_________.   

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. Generation of X. tropicalis Eggs
2.1. To generate X. tropicalis eggs for isolating extracts, begin by preparing two concentrations of human Chorionic Gonadotropin, or hCG.  First, resuspend 10,000 U of lyophilized hCG powder in 10 ml of sterile, deionized water for a final concentration of 1000 U/mL.  Then combine 1 ml of the diluted solution with 9 ml of water for a final concentration of 100 U/mL.  Store both solutions at 4oC. 

2.1.1. WIDE Talent approaches bench with lyophilized hCG and places it down

2.1.2. MED/CU Talent holds up hCG stock and then the 1000 U/ml tube of diluted hCG

2.1.3. MED/CU Talent pipettes 1 ml from the tube into a second tube with 9 ml of water
2.2. On day 1 at ~2:00-3:00 pm, prepare 4-6 frogs for egg laying by injecting them in the dorsal lymph sac near the cloaca with 0.2 mL of 100 U/ml of hCG.  To minimize the amount of frog waste present during the subsequent injections, have the frogs fast.  

2.2.1. MED Talent picks up a frog and injects it with hCG

2.2.2. MED/CU Talent places frog into container without food
2.3. On day 2 at 2:00-3:00 pm, administer a second, identical injection to the same frogs.  The following day, repeat the injections between 7:00 and 10:00 am, as indicated here.  

2.3.1. MED/CU Talent picks up a frog and injects it (a second injection)

2.3.2. LAB MEDIA Injection time line - authors will provide this later

2.4. To set up the frogs for egg laying, fill a 6 quart plastic bucket with fresh tank water, add the frogs, and place it in the dark at 25(C.  Egg laying should begin within 4 hours and be completed by 7 hours.
2.4.1. MED Talent finishes filling bucket with tank water then adds the frogs
2.4.2. WIDE/MED Talent covers the frogs 
2.5. In the meantime, prepare buffers, solutions, and drugs according to the text protocol.  Next, to make fire-polished glass Pasteur pipets, snap the end off of 5 ¾ inch glass pipets to make a broad opening, and expose them to a flame to smooth the tip.
2.5.1. MED/CU Broll of buffers, solutions, and drugs required for protocol
2.5.2. CU/ECU Talent snaps off the end of a glass pipet 
2.5.3. CU Talent places a pipet under a flame to smooth
2.6. Prepare a 500 ml glass beaker for storing eggs by swirling a 0.2% gelatin solution around to coat the walls of the beaker then discard the unused gelatin solution.
2.6.1. CU Talent adds gelatin to beaker, swirls, then discards unused solution
2.7. When egg laying is complete, collect the eggs from the plastic bucket and if desired, gently squeeze each frog once to isolate any remaining eggs. 
2.7.1. CU Talent collects eggs from bucket
2.7.2. ECU Talent gently squeezes a frog to isolate eggs {This shot did not go very well. The frogs did not cooperate and I doubt that this will look good in the video, so don’t use it if it looks too bad}
2.8. Use tank water to wash the eggs once and transfer them to the gelatin-coated glass beaker with just enough tank water to keep the eggs wet.
2.8.1. CU Talent washes eggs
2.8.2. CU Talent transfers eggs to tank water
3. Preparation of Extract from X. tropicalis Eggs
3.1. To prepare extract, tilt the beaker to one side and slowly add ~300 mL of 1X MMR to the wall of the beaker to minimize physical agitation to the eggs.   Let them settle, decant the supernatant to remove any debris, and repeat the MMR wash two more times. 

3.1.1. CU Talent tilts beaker and slowly adds 1X MMR to wall of beaker

3.1.2. CU Talent decants wash from settled eggs 
3.2. Next, to dejelly the eggs, decant off as much MMR as possible and add 125 ml of freshly prepared dejelly solution.   Swirl continuously for ~5 minutes.  After a couple of minutes, the dissolving jelly coats will be visible.  At this point, decant the liquid and add the remaining 125 ml of fresh dejelly solution.

3.2.1. CU Talent adds dejelly solution and swirls

3.2.2. ECU Dissolving jelly coats in solution

3.2.3. CU Talent decants liquid and adds remaining solution

3.3. Again continuously swirl the solution until the eggs pack very tightly and they all orient with their vegetal poles towards the bottom of the dish.  The now dejellied eggs are sensitive to mechanical maniupulation. 

3.3.1. CU Talent swirls solution

3.3.2. ECU Eggs packed tightly with vegetal poles towards bottom of dish
3.4. Quickly decant off as much liquid as possible and carefully add 1X XB wash solution and swirl, allowing the eggs to settle to the bottom of the beaker. Activated X. tropicalis eggs that have escaped Cytostatic Factor, or CSF arrest will appear lysed, puffy, white, and as having undergone pseudocleavage, and tend to remain at the surface. Use a plastic transfer pipet to remove these along with any pieces of skin and frog waste and decant as much solution as possible before repeating the wash two more times.  
3.4.1. CU/ECU Talent adds 1X XB wash and swirls (have solution tube or bottle visible and labeled) - eggs settle to bottom of beaker

3.4.2. CU/ECU Talent removes eggs and waste from surface and then decants solution

3.5. Then, wash the eggs twice with CSF-XB and decant before suspending in CSF-XB+.  Using a gelatin-treated fire-polished Pasteur pipette, transfer the eggs to ultra-centrifuge tubes with CSF-XB+, taking are not to expose the eggs to air.

3.5.1. CU Talent adds CSF-XB+ from visible and labeled tube/bottle

3.5.2. CU/ECU Talent transfers eggs to an ultracentrifuge tube with gelatin treated pipette

3.6. Place the tubes inside 15 mL glass centrifuge tubes containing a water cushion and spin the eggs in a clinical centrifuge at 200 x g for 1 minute.  Increase the speed to 800 x g and spin for 30 seconds.

3.6.1. CU Talent places ultracentrifuge tubes in glass tubes with water

3.6.2. MED/CU Talent places glass tubes in centrifuge

3.6.3. CU Talent increases speed of centrifuge

3.7. Use an aspirator to remove as much buffer as possible from eggs. They should be almost dry on top.  Then quickly transfer the eggs to a Sorvall RC-6 centrifuge equipped with an HB-6 rotor and spin at 17,000 x g and 20(C for 15 minutes.
3.7.1. CU Talent aspirates buffer
3.7.2. MED Talent places tubes in HB-6 rotor and starts spin; B: need a shot of talent starting centrifuge for 3.9.3 below
3.8. With an 18-gauge needle attached to a 1 ml syringe, remove the yellow cytoplasmic layer between the pigment and lipid layers.  
3.8.1. ECU Talent removes yellow cytoplasmic layer
3.9. Then, puncture the side of the tube and pull the syringe barrel slowly to collect the cytoplasmic extract layer, avoiding the pigment granules as much as possible.  Transfer it to a new ultracentrifugation tube, place into a glass centrifuge tube with a water cushion, and spin at 17,000 x g at 20(C for 20 minutes.
3.9.1. ECU Talent punctures tube and pulls syringe barrel slowly to collect cytoplasmic extract layer
3.9.2. CU Talent places tube of extract into tube with water cushion
3.9.3. MED Use 3.7.2B here
3.10. After repeating the extraction a second time, transfer the cytoplasm to a 1.5 ml microfuge tube and estimate the volume, which is typically 300-500 ul of extract per frog from a healthy frog colony.  Then add Cytochalasin D and leupeptin, pepstatin, and chymostatin, or LPC, at final concentrations of 1:1000 each.  Use a 1 ml pipet tip to mix well, avoiding air bubbles.  
3.10.1. CU/ECU Talent transfers the cytoplasm to a microfuge tube - show final volume
3.10.2. CU Talent adds cytochalasin D and LPC from labeled tube(s) and mixes well
3.11. To preserve maximum activity, store the extract and perform experimental manipulations at room temperature (TEXT: 20-25oC).
3.11.1. MED/CU Talent places tube(s) in storage at room temperature
4. Purification of Taxol-stabilized Microtubules from X. tropicalis Extract
4.1. To a 100-200 L aliquot of extract, add Taxol at a final concentration of 10 uM and incubate it at room temperature for 30 minutes.  For control reactions, treat an equivalent volume of extract with the mictotubule-destabilizing drug Nocodazole and reserve 100 ul of untreated extract for analysis.
4.1.1. CU Talent adds Taxol to extract from labeled container and places tube into rack for incubation

4.1.2. CU Talent adds Nocodazole to a control tube and places into rack next to taxol treated tube, then picks up from rack the labeled, ‘untreated’ tube - just high enough for camera to see
4.2. Dilute the drug-treated extracts with 10 volumes of BRB-80 + 30% glycerol.  Then assemble 14 ml round-bottom polypropylene tubes containing a 10 ml cushion of BRB-80 + 60% glycerol.  
4.2.1. CU Talent dilutes extracts with BRB-80 + 30% glycerol

4.2.2. CU 14 ml round bottom tubes with cushion lined up in a rack - show labeled BRB-80/glycerol in background

4.3. Next, using a wide bore pipet tip, gently layer the drug-treated extract reaction on top of the BRB-80 + 60% glycerol cushion and use tube adaptors to centrifuge at 17,000 x g and 20(C for 10 minutes.
4.3.1. CU/ECU Talent layers extract onto cushion
4.3.2. MED/CU Talent places adaptors into rotor and then tubes into tube adaptors 
4.4. Aspirate the supernatant containing unsedimented extract material, and wash the interface twice with deionized H2O.  For the Taxol-treated sample, slowly aspirate the remaining cushion volume, taking care not to disturb the gel-like pellet containing microtubules, microtubule-associated proteins, and microtubule-associated RNAs.   The Nocodazole-treated sample will not contain visible material.
4.4.1. CU Talent aspirates supernatant
4.4.2. CU Talent adds deionized water to interface
4.4.3. ECU Talent slowly aspirates remaining cushion volume in Taxol-treated sample
4.4.4. ECU Talent holds up nocodazole-treated sample without visible material
4.5. Resuspend the pellet in 1 mL TRIzol and proceed with the manufacturer’s instructions for isolating RNA. Up to 100 ul of untreated extract can be resuspended directly in 1 mL of TRIzol.
4.5.1. CU Talent adds TRIzol from labeled container

4.6. Finally, use a commercially available kit for preparing transcriptome libraries suitable for RNA sequencing (TEXT: http://www.illumina.com; http://www.454.com). 

4.6.1. MED/CU Talent arranges components of kit for preparing transcriptome library on bench
5. Representative X. Tropicalis Extraction Results-(second to last section) 
5.1. In this figure, Coomassie gel analysis of microtubules purified from X. tropicalis extracts treated with Taxol confirms that -tubulin sediments in a Taxol-dependent manner, and represents the major protein species recovered in these preparations. Lower levels of additional proteins are also present in the taxol pellet, but not in preparations treated with the microtubule depolymerizing drug Nocodazole, indicating that proteins in the Taxol fraction are microtubule associated proteins.
5.1.1. LAB MEDIA Figure 1B
5.2. As seen here, analysis of RNA composition of X. tropicalis extracts indicates that both rRNA and tRNA are present in CSF extracts and the microtubule-containing Taxol pellet, consistent with previous findings that translation occurs on microtubules and spindles in X. laevis egg extracts. 
5.2.1. LAB MEDIA Figure 1C left panel
5.3.  A line trace of the gel projection shown here, reveals the mRNA signal is markedly lower in the microtubule-containing taxol pellet, most notably in the region migrating above 28S rRNA, indicating that a subset of mRNAs cosediment with microtubules in X. tropicalis.
5.3.1. LAB MEDIA Figure 1C right panel
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 __Mike Blower______: Following this procedure, other methods like __cell cycle analysis___________ can be performed in order to answer additional questions like __how localized RNAs affect meiotic spindle assembly___________.
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.

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


