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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)_Yes  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__No ______ If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps using the step numbers listed in this document. ____Steps 2,3,4, 6,7_
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document.__3,6_
E.  Will the filming need to take place in multiple locations? (Y/N) _No.  If yes, how far apart are the locations?

1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Conceptual Narrative:
The overall goal of the following experiment is to quantitate phosphopeptide changes that occur within spermatozoa, during sperm cell maturation. (Intro)
This is achieved by removing the caudal epididymis from the mouse, performing retrograde backflushing of the sperm cells, and collecting the cells into a microcapillary tube. (P1, Editor, using P1, begin with the testes without the cannula or the microcapillary tube.  For ‘removing the caudal epididymis, add the arrow and the Epididymis text.  For ‘performing retrograde backflushing of sperm cells,’ add in the cannula tube and for ‘collecting them into a microcapillary tube.’ Add in the microcapillary tube and the brown coloring in the top half of the tube.)
Next, sperm cells are allowed to swim out into a balanced salt solution, which enables the removal of contaminating proteins, and then they are washed, lysed, and precipitated in order to remove contaminating salts and fats. (P2, Editor, remove the microcapillary from the testes, remove the testes, and bring in the tube with blue liquid in P2.  Then place the microcapillary tube into the tube of blue liquid.  Then for ‘they are washed, lysed, and precipitated…’, bring in the arrow and the washed, lysed text, and for precipitated, add the arrow under the washed/lysed text and bring in the gray tube ad the ‘protein on interphase’ text and arrow.)    

Then, the globular proteins are digested using titanium dioxide in order to enrich for phosphopeptides. (P3, Editor, For ‘digested using titanium dioxide,’ add another arrow to the right of the wavy structures with the TiO2 above it, then to the right of the arrow, bring in the wavy structures with the gray circles and then for ‘enrich for phosphopeptides,’ add the arrow and the blue Mass Spectrometry graphs that show enrichment)
The results show quantitative changes in the phosphorylation status of proteins based on  liquid chromatography mass spectrometry analysis__. (P4, Editor, use the panels in P5 here.  Begin with the top Izumo1 structure with the S334 and S339 and add in the arrow and the bottom structure with the 7 p()s.)
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Author name Anita Weinburg: This method can help answer key questions in the reproductive biology field, such as what are the_phosphoprotoemic changes as sperm traverse the epididymis or during capacitation.  

1.2. Author name __Louise Hetherington: Though this method can provide insight into sperm cell biology, it can also be applied to other systems, model organisms and studies of disease, such as _cancer, neurological pathologies and even general signal transduction pathways.

1.3. Author name _Mark Baker: Visual demonstration of this method is critical as the backflushing steps to obtain epididymal sperm are difficult to learn as it is difficult to describe the anatomy of the areas in which the epididymis will be manipulated.   
Protocol (read by voice talent at JoVE):
2. Preparation of Cannula

2.1. Begin by making 200 ml of Biggers Whitten and Whitten, or BWW, working stock solution by adding the following to 1 liter of Milli-Q water (TEXT: 5.54 g NaCl, 0.356 g KCl, 0.25 g CaCl2, 0.162 g H2KO4P  and 0.294 g MgSO4).  

2.1.1. WIDE Talent at bench to making BWW buffer

2.1.2. MED Talent adding ingredients to water, Videographer, frame this for a list of text, Editor, made a bulleted list of the ingredients in the TEXT as talent adds them

2.2. To make a cannula, using polyethylene tubing with internal and external diameters of 0.4 mm and 1.1 mm, respectively, hold it over low heat until the tubing begins to melt. 

2.2.1. CU Talent holds tubing for camera to see 

2.2.2. MED/CU Talent holds tubing over low heat 

2.3. Immediately pull the ends of the tubing outward to stretch it, thus decreasing the outer diameter.  Cut the tubing to produce a narrowing of one end, which will allow for easier cannulation of the vas deferens. 

2.3.1. CU Talent pulls ends of tubing outward to stretch it

2.3.2. CU Talent cuts tubing to produce narrowing of one end

2.4. Cut the opposite end to approximately 15 cm.  Then insert a 30 gauge needle into the blunt end and attach a fully retracted 3 ml syringe to it.

2.4.1. CU Talent cuts opposite end to ~15 cm

2.4.2. CU Talent inserts needle and attaches syringe

2.5. Make a suction mouthpiece by cutting a 20 cm length of PE tubing and insert it into one end of the cannula.  Insert the micro-capillary glass tube holder and glass micro-capillary.

2.5.1. MED/CU Talent cuts 20 cm length of PE tubing

2.5.2. CU Talent inserts tubing into canula

2.5.3. CU Talent inserts glass tube holder and micro capillary
3. Removal and Cannulating of Mouse Epididymides 

3.1. After euthanizing a mouse according to the text protocol, make a small incision in the scrotum to expose the epididymis.  Then use a pair of watchmaker’s #5 forceps to pull the testis and epididymis out of the cavity.  

3.1.1. MED/CU Talent sets mouse on bench

3.1.2. CU Talent makes small incision to expose epididymis

3.1.3. CU/ECU Talent uses watchmaker’s forceps to pull the testis and epididymis out of the cavity

3.2. Cut to remove all but ~1-2 cm of the vas deferens from the cauda epididymis.  Then cut to remove the proximal efferent ducts and tissue connecting the epididymis to the testis and remove the entire male reproductive track.  

3.2.1. CU Talent removes all but 1-2 cm of vas deferens from cauda epididymis

3.2.2. CU/ECU Talent cuts to remove proximal efferent ducts and tissue connecting the epididymis to testis to remove entire reproductive tract

3.3. Under a dissecting microscope using between 5x and 40x magnification, place 1-2 cm of the narrowed end of the cannula into the field of view and use tape to secure it.  

3.3.1. SCOPE Talent places 1-2 cm of narrowed end of cannula into field of view

3.3.2. CU Talent secures with tape

3.4. With #5 watchmaker’s forceps, gently clasp each side of the vas deferens and pull it over the visible portion of the cannula.  Then, with non-absorbable black braided treated silk, tie a secure knot around the cannulated tissue.

3.4.1. SCOPE Talent uses forceps to pull vas deferens over visible portion of cannula

3.4.2. ECU Talent ties a know around cannulated tissue

4. Backflushing, Washing, and Lysing of Caudal Epididymal Spermatozoa

4.1. Using watchmakers #5 forceps, grab the distal end of the cauda epididymides and remove the tunica albuginea in order to expose a single epididymal tubule.
4.1.1. SCOPE Talent grabs distal end of cauda epieidymides and removes tunica albuginea to expose a single epididymal tubule
4.2. Gently expose the tubule and tease it apart to create an opening for the sperm to be released.

4.2.1. SCOPE Talent exposes and teases apart tubule

4.3. Next, gently depress the plunger of the syringe to expel air into the vas deferens.  The pressure will cause spermatozoa to exit the broken tubule.  Then apply suction to the mouthpiece to draw the spermatozoa into the glass capillary.

4.3.1. CU Talent gently depresses plunger to expel air into vas deferens

4.3.2. SCOPE Spermatozoa exit the broken tubule

4.3.3. CU Talent applies suction into mouthpiece to draw sperm into capillary; Videographer, frame this for a split screen with 4.3.4

4.3.4. SCOPE Sperm are drawn into capillary; Editor, bring in 4.3.3 first and then for ‘to draw the spermatozoa…’ bring this shot in next to 4.3.3 

4.4. Gently blow into the mouthpiece or attach a syringe and expel the spermatozoa from the glass capillary into 1 ml of pre-warmed BWW solution and use the solution to wash the cells three times to remove any contaminating proteins (TEXT: 300 x g, 5 min).

4.4.1. CU Talent expels spermatozoa from glass capillary into warm BWW

4.4.2. MED Talent places sample into centrifuge to spin
4.5. After removing the final wash, freeze the sperm for later use, or use 4% CHAPS, 2 M Thio Urea, and 50 mM Tris, pH 7.4, to solubilize the proteins.  Incubate for one hour with intermittent vortexing.

4.5.1. CU Talent finishes removing the final wash from tube

4.5.2. CU Talent pipettes solubilizing solution from labeled tube or bottle and adds to cells

4.5.3. MED Talent picks up incubating tube and vortexes

4.6. Then centrifuge the solution at 10,000 x g for 20 minutes and transfer the supernatant to a new tube.

4.6.1. WIDE/MED Talent places tube into centrifuge and starts spin; B need another version for 5.3.4 below; C need another version of talent removing tube from centrifuge

5. Disulphide Bond Reduction, Alkylation, and Precipitation 
5.1. To reduce the disulphide bonds and alkylate the proteins, add DTT at a final concentration of 10 mM to the protein solution, vortex, and incubate at RT for 30 minutes.

5.1.1. CU Talent pipettes up DTT and adds to protein solution

5.1.2. CU Talent closes tube and places in rack on bench to incubate

5.2. Then add 50 mM of iodoacetamide to the lysate, vortex and incubate for 30 minutes at room temperature in the dark.

5.2.1. CU Talent adds iodoacetamide to lysate

5.2.2. MED Talent vortexes tube

5.2.3. MED/CU Talent covers tube on bench and walks away

5.3. To precipitate the proteins, combine 1 volume of lysate, one volume of methanol, and 0.5 volumes of chloroform.  After vortexing the sample, spin it at 10,000 x g for 2 minutes.  

5.3.1. MED Talent under fume hood adding lysate to fresh tube (Editor, use for ‘To precipitate the proteins,’

5.3.2. CU Talent holding tube with lysate (Editor, use for VO ‘combine 1 volume of lysate)

5.3.3. CU Talent adds 1 volume of methanol from labeled container and then adds 0.5 volumes of chloroform from labeled container

5.3.4. WIDE/MED Use 4.6.1B here

5.4. Collect the top layer, leaving ~2 mm to avoid aspirating the interface.  After adding one volume of methanol, gently invert the tube, and spin again (TEXT: 10,000 x g, 15 min).  Discard the supernatant and air dry the pellet for 3 - 4 minutes.

5.4.1. CU Talent aspirates up top layer with pipette and stops before interface

5.4.2. CU Talent holding tube containing top layer and methanol and inverts the tube

5.4.3. FREEZE FRAME from 4.6.1B of talent placing tube into centrifuge

5.4.4. CU/EDU Talent places tube with pellet on bench to air dry

6. Trypsin Digestion and Phosphopeptide Enrichment
6.1. To carry out trypsin digestion and phosphopeptide enrichment, begin by using 25 mM ammonium bicarbonate containing 1M urea to reconstitute the trypsin.  Combine a 50:1 w/w ratio of protein (TEXT: ~0.1 - 5 mg protein) to the trypsin and incubate on a thermomixer at 37(C and 700 rpm overnight. 

6.1.1. CU Talent adds ammonium bivarbonate/1M urea to trypsin

6.1.2. CU Talent closes tube containing trypsin and protein

6.1.3. WIDE/MED Talent places sample into thermomixer

6.2. After spinning to pellet the undigested material (TEXT: 10,000 x g, 15 min), transfer the supernatant to a new tube.

6.2.1. WIDE/MED Use 4.6.1C here

6.2.2. CU Talent pipettes up supernatant and transfers to a fresh tube

6.3. Using DHB buffer prepared according to the text protocol, dilute the trypsinized peptides 10 fold and apply it to 200 micrograms of dry TiO2 (titanium dioxide) beads.  Incubate on a rotator for 1 hour at room temperature.

6.3.1. CU Talent removes an aliquot of DHB buffer and adds to trypsinized peptides

6.3.2. CU Talent applies sample to TiO2 beads

6.3.3. MED/CU Talent places sample on rotator and turns it on
6.4. After the incubation, use DHB buffer to wash the sample once before using wash buffer consisting of 80% ACN and 2% TFA to wash the sample three times.  

6.4.1. MED Talent removes tube from rotator

6.4.2. MED/CU DHB buffer and Wash buffer side by side on bench and talent removes aliquot of DHB buffer to add to sample

6.5. Following the final centrifugation, elute the phosphopeptides by adding 2.5% ammonium hydroxide (TEXT: pH ≥ 10.5).  Immediately after spinning and collecting the supernatant, use ~0.3 uL of formic acid to neutralize the sample.
6.5.1. CU Talent adds 2.5% ammonium hydroxide to sample

6.5.2. CU Talent holding tube of eluted sample and adds formic acid from labeled container

7. Results: Spermatozoa Isolation from Rodent Epididymis 
7.1. As seen here, one advantage of this protocol is that spermatozoa are isolated in a quiescent state. Many cells clump just after expulsion into BWW medium, however, after 10 minutes, they become motile and the solution becomes homogeneous. 
7.1.1. LAB MEDIA Figure 2C, Editor, for the sperm isolated in a quiescent state, point out the left panel and the white clumpy substance.  For, ‘the cells become motile,’ point out the right hand panel that is evenly cloudy.

7.2. The preparation described in this video typically produces 200 x 106 spermatozoa.  This figure demonstrates the purity of spermatozoa from a rat cauda epididymis.

7.2.1. LAB MEDIA Figure 2D

7.3. One major issue concerning sample preparation is the yield from trypsin digestion.  Unlike TCA precipitation, which often requires the pH of the sample to be adjusted, phenol-chloroform precipitation is quick and does not acidify the sample.  Shown here is the protein pellet typically seen from 100 ug of sample between the lower and upper interphase.

7.3.1. LAB MEDIA Figure 3, Editor, for ‘Shown here…’, add in the black arrow from the original Figure 3 as shown 

7.4. Demonstrated here is reproducibility of this protocol. The blue streaks appearing over time are peptides eluting from a C18 nano-column as the concentration of acetonitrile increases.  In the motile population, there is a peptide cluster at ~651.5 Da that is completely absent in the non-motile range.
7.4.1. LAB MEDIA Slide4.png, Editor, point out the top panel for the non-motile sample and the bottom panel for the motile sample.  For the 651.5 Da peptide cluster, add in the arrows into the bottom panels as shown in the original figure 4.
8. Conclusion (said by authors on camera)
8.1. Author name Louise Hetherington: Once mastered, this technique can be done in 3 hours if it is performed properly.

8.2. Author name __Anita Weinburg_ While attempting this procedure, it’s important to remember to sample preparation is the key aspect to obtain reproducible results for proteomics
8.3. Author name _Mark Baker_ Following this procedure, other methods like _glycoprotein analysis can be performed in order to answer additional questions such as which proteins undergo a change in the silaic acid content of their proteome.

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.  

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.
( 2013, Journal of Visualized Experiments


