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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? No
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? No 
C.  Which steps of your protocol will viewers benefit most from having filmed? 5.6, 5.7, 5.12, 5.14, 5.16 and 5.17
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  The steps 5.16 and 5.17.
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Conceptual Narrative:
Video editor: Graphics are in ‘51572_JOVE Cartoon 1.ai’ and ‘51572_JOVE Cartoon 2.ai’
The overall goal of the following experiment is to visualize at the ultrastructural level the endosomal compartments of the yeast Saccharomyces cerevisiae. 
This is achieved by preparing yeast spheroplasts, (Video editor: show cartoon of yeast cell from ‘1’ of ‘51572_JOVE Cartoon 1.ai’ and then animate the dark gray cell wall fading away - I don’t think it is necessary to show the cartoon of the scissors representing the enzymatic digestion.  The yeast spheroplast is the yeast without the cell wall) which then undergo endocytic uptake of positively-charged nanogold particles. (Video editor: add the little gold circles to the cartoon of the yeast cell to get the cartoon in ‘3’, animate the gold circles going into the cell, and then shown cartoon in ‘4’) (P1)
As a second step, the sample is fixed and sectioned (Video editor: ‘5’ from ‘51572_JOVE Cartoon 2.ai’: show only the cryomicrotome specimenholder and the cryosections cartoons) to obtain ultrathin cryosections of the cells. (Video editor: add the pickup droplet and the grid with cryosections cartoons) (P2)  

Next, the cryosections are submitted to the silver enhancement reaction (Video editor: show ‘6’ from ‘51572_JOVE Cartoon 2.ai’) in order to enlarge and visualize the endocytosed positively-charged nanogold particles. (Video editor: show ‘7’ from ‘51572_JOVE Cartoon 2.ai’) (P3)
Results are obtained that show the morphology of the different yeast endosomal compartments based on the specific labeling of this procedure. (Video editor: show ‘8’ from ‘51572_JOVE Cartoon 2.ai’) (P4)
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Muriel Mari: The main advantage of this technique over existing methods, like immunogold labeling of sections, is that it does not rely on antibodies, which often do not work on electron microscopy preparations.   

1.2. Janice Griffith: Though this method can provide insight into the endolysosomal system of the yeast Saccharomyces cerevisiae, it can also be applied to other eukaryotic model systems, including other yeast and mammalian cells.

Protocol (read by voice talent at JoVE):

2. Spheroplast preparation
2.1. The yeast from which the spheroplast will be prepared are first incubated overnight at 30˚C in 10 ml of the appropriate medium as determined by the design of the experiment. 
Shots:
2.1.1. MED: Talent picking a single colony from a plate and inoculating 10 ml of medium.

2.1.2. MED: Multiple takes from different angles of talent putting the 10-ml culture into the 30˚C incubator.  Shot will be repeated later.
2.2. On the following day, after measuring the optical density of the culture at 600 nm (OD600), dilute the cells in the same culture medium to an OD600 of 0.2-0.4. Grow the cells to an exponential growth phase, with an OD600 of 1-2. 
Shots:
2.2.1. MED: Talent diluting the culture to appropriate OD600.
2.2.2. Use shot from 2.1.2.
2.3. Transfer 10 OD600 equivalents of cells to a 50-ml tube and centrifuge at 2,100 x g for 5 minutes. 
Shots:
2.3.1. CU: 10 OD600 equivalents of cells being transferred to a 50-ml tube.
2.3.2. MED: Multiple takes from different angles of talent putting the 50-ml tube into the centrifuge.  Shot will be repeated many times later.
2.4. After centrifugation, discard the supernatant and resuspend the cell pellet in 5 ml of 100 mM PIPES (pH 9.6) and 10 mM dithiothreitol.  Incubate at 30˚C for 10 minutes. (TEXT: 30˚C; 10 min)
Shots:
2.4.1. MED: Talent discarding supernatant and then adding 5 ml PIPES/DTT to resuspend the cell pellet.
2.4.2. MED: Multiple takes from different angles of talent putting the 50-ml tube into the 30˚C incubator. Shot will be repeated later.
2.5. Collect the cells by centrifugation (TEXT: 2,100 x g; 5 min).
Shots:
2.5.1. Use shot from 2.3.2.
2.5.1 [added] Multiple takes from different angles of talent putting the 50-ml tube into the 30˚C incubator. Shot will be repeated later
2.6. After discarding the supernatant, resuspend the cells in 5 ml of medium containing 1 M sorbitol and 5 mg of lytic enzyme. Incubate the mixture at 30˚C for 30 minutes. (TEXT: 30˚C; 30 min)
Shots:
2.6.1. CU: Cells being resuspended in 5 ml of medium containing 1 M sorbitol and 5 mg of lytic enzyme.
2.6.2. Use shot from 2.4.2. 
2.7. Centrifuge the cell suspension at 300 x g for 5 minutes to collect the pellet fraction, which corresponds to the spheroplasts. 
Shots:
2.7.1. Use shot from 2.3.2.
2.7.2. CU/ECU: A shot of the pellet in the tube after the centrifugation.
2.8. Discard the supernatant and resuspend the spheroplasts in 960 µl of ice-cold media containing 1 M sorbitol.  Transfer the mixture into an ice-cold 2-ml microcentrifuge tube.
Shots:
2.8.1. MED: Talent discarding the supernatant and then adding 960 µl of ice-cold media containing 1 M sorbitol to resuspend the spheroplasts.
2.8.2. CU: Mixture being transferred into a 2-ml microcentrifuge tube.
3. Nanogold uptake
3.1. To begin the procedure for nanogold uptake, use a pipette and gently mix the spheroplast with 4 nmol of positively charged nanogold particles resuspended in 40 µl of water. The final volume of the mixture must be 1 ml.
Shots:
3.1.1. [combined with 3.2.1] MED: Talent pipetting nanogold particles into a 2-ml microcentrifuge tube with spheroplasts and mixing it.
3.2. Place the obtained cell suspension on ice for 15 minutes. (TEXT: Ice for 15 min)
Shots:
3.2.1. CU: Tubes being placed on ice.
3.3. Transfer the suspension to room temperature and incubate for the required time to allow nanogold internalization by endocytosis. (TEXT: 5 min for labelling of endocytic vesicles and early endosomal compartments; 15 min for labelling early and late endosomes;  > 30 min for labelling the vacuole) 
Shots:
3.3.1. MED: Talent transferring the tubes from ice to room temperature.
4. Fixation and sectioning
4.1. When the desired nanogold uptake is complete, stop the reaction by adding 1 ml of double-strength fixative containing 1 M sorbitol to the cell suspension. Keep the tube at room temperature for 30 minutes.
Shots:
4.1.1. MED: Talent adding 1 ml fixative to each of the two tubes (from 3.3) and manually inverting it
4.1.2. CU: Tubes being set aside at room temperature.
4.2. Gently invert the microcentrifuge tube manually several times during the 30 minutes to keep the spheroplasts in suspension.
Shots:
4.2.1. MED: Talent manually inverting the tubes.
4.3. Next centrifuge twice at 1,700 x g for 25 seconds. 
Shots:
4.3.1. MED: Multiple takes from different angles of talent putting both tubes into the centrifuge and spinning for 25 seconds.  Shot will be repeated later.

4.3.2. CU: Supernatant being discarded from a tube.
4.3.3. Use shot from 4.3.1.
4.4. Discard the supernatant and add 1 ml of fresh standard strength fixative containing 1 M sorbitol. Incubate for 2 hours at room temperature on a slowly rotating wheel.  Subsequently, the cells are processed and cryo-sectioned as described in the text protocol. (TEXT: Refer to accompanying manuscript for cryo-sectioning protocol)
Shots:
4.4.1. MED: Talent discarding supernatant and then adding 1 ml fixative to a tube.
4.4.2. MED: Talent putting both tubes on the rotating wheel.  
5. Silver Enhancement for nanogold particle visualization
5.1. Prior to starting this procedure, remove the silver enhancement kit from the freezer and thaw it in a 37ºC incubator. Place the thawed kit in a 24ºC bench incubator, previously placed in the dark room, until use.
Shots:
5.1.1. WIDE: Talent removing kit from freezer and putting it into a 37ºC incubator.
5.1.2. MED: Talent putting the thawed kit into a 24ºC incubator.
5.2. Place a heating plate in a dark room and warm it to a final temperature of 24ºC.  Cover the top of the heating plate with a Benchkote surface protector, shiny-side up, and secure it with tape.
Shots:
5.2.1. WIDE: Talent taking a heating plate into a dark room.
5.2.2. MED: Talent setting the heating plate temperature to 24ºC.
5.2.3. CU: Top of heating plate being covered with surface protector and secured with tape.
5.3. Place the Parafilm on the surface protector and mark the edges with a black marker to enable visualization in the dark.
Shots:
5.3.1. CU: Parafilm being placed on the surface protector and its edges marked with a black marker.
5.4. Tape a thermometer onto the top of the surface protector to monitor the temperature of the heating plate.  Gradually adjust the temperature if it is not at 24˚C.
Shots:
5.4.1. MED: Talent taping a thermometer on the top of the surface protector and then adjusting the temperature.
5.5. Place a 50-ml tube containing double distilled water inside the incubator.
Shots:
5.5.1. WIDE/MED: Talent putting the 24ºC bench incubator in the darkroom.
5.5.2. MED: Talent putting a 50-ml tube containing double distilled water inside the incubator.
5.6. Fill a small Petri dish with double distilled water, pre-warmed at 37˚C. Place two nickel grids with the cryo-sections in the water, specimen side down, for 30 minutes. 
Shots:
5.6.1. CU: Talent filling a small Petri dishes with double distilled water.
5.6.2. CU: Two nickel grids being placed in one of the Petri dishes, specimen side down.
5.7. After 30 minutes, fill a second Petri dish with pre-warmed double distilled water, and place the same two nickel grids in the water for another 30 minutes. 
Shots:
5.7.1. MED: Talent filling a second Petri dish with water and then placing the two grids in the water.
5.8. Rinse the grids again by passing them, specimen-side down, on several drops of double distilled water at 24ºC placed on the Parafilm that has been fixed on the heating plate.
Shots:
5.8.1. CU: Grids being passed down several drops of water placed on Parafilm on the heating plate.
5.9. Make sure that 9 additional double distilled water drops are ready on the Parafilm, for the rinsing after the silver enhancement reaction.
Shots:
5.9.1. MED: Talent pipetting more water drops on the Parafilm.
5.10. At this point in the procedure, all lights in the dark room must be turned off and the red light turned on.  However, for filming purposes only, the light will remain on in this demonstration. (TEXT: Switch off white light and switch on red light for experiments)
Shots:
5.10.1. MED: Talent indicating switch for white light, followed by the switch for red light.
5.11. Take out the A and B solutions of the silver enhancement kit from the 24˚C incubator.
Shots:
5.11.1. MED: Talent taking out A and B solutions from kit from incubator.
5.12. In a 1.5-ml microcentrifuge tube, add 6 drops of the A solution followed by 6 drops of the B solution, and mix well with a glass Pasteur pipette while avoiding bubble formation. Vortex the solution briefly.
Shots:
5.12.1. CU: 6 drops of the A solution added to a 1.5-ml tube followed by 6 drops of the B solution, and then mixed with a glass Pasteur pipette.
5.12.2. CU: Multiple takes from different angles of tube being vortexed.  Shot will be repeated later.
5.13. Return the A and B solutions to the 24˚C incubator and take out the C solution.
Shots:
5.13.1. MED: Talent putting A and B solutions into the 24˚C incubator and taking out the C solution.
5.14. Add 6 drops of the C solution to the A/B mixture. Mix again with a Pasteur pipette followed by vortexing, and avoid making bubbles.
Shots:
5.14.1. CU: 6 drops of the C solution being added to the A/B mixture and then mixed with a Pasteur pipette.
5.14.2. Use shot from 5.12.2.
5.15. Use this final mixture immediately: place drops on the Parafilm.
Shots:
5.15.1. CU: Drops being placed on Parafilm.
5.16. With a pair of clean, anti-magnetic tweezers, place the grids on the mixture. This is the silver enhancing reaction.  Leave the grids for 6 to 15 minutes depending on the enhancement desired for the experiment. 
Shots:
5.16.1. MED: Talent using anti-magnetic tweezers to place a grid in each drop of mixture.
5.16.2. CU: match action above: a grid being placed into a droplet and left there.
5.17. Remove the grids from the mixture and pass them rapidly through a succession of 6 drops of double distilled water placed on Parafilm at 24ºC.  For the last 3 washes, leave the grids for 7 minutes per drop of water.
Shots:
5.17.1. CU: Talent removing a grid from mixture and passing it rapidly through 6 drops of water.
5.17.2. CU: Grid being transferred from 6th drop to 7th drop and left there for 7 minutes.
5.18. If performing a real experiment, turn the lights back on when the washing is complete. Subsequently, the results are visualized by either immuno-gold labeling or membrane staining for an EM investigation.
Shots:
5.18.1. MED: Talent motioning to the white light switch.
5.18.2. WIDE: Talent taking samples out of the dark room.
6. Results: yeast endosomal compartments are visualized by silver-enhanced nanogold labeling 
6.1. (Figure 1A) Different types of yeast endosomal compartments can be labeled with silver-enhanced nanogold and visualized by electron microscopy. A 5-minute uptake of nanogold labels the plasma membrane (JoVE video editor: highlight ‘PM’) and early endosomal compartments such as single vesicles (Video editor: highlight arrowheads), which are possibly endocytic vesicles, and tubular structures (Video editor: highlight arrows), which are very likely early endosomes.
Shots:
6.1.1. LAB MEDIA: panel A from Mari et al-Figure 1.eps
6.2. (Figure 1B) A 30-minute incubation with nanogold leads to the labeling of late endosomes or multivesicular bodies (Video editor: highlight asterisks). The resolution power of combining an immuno-electron-microscopy procedure with this nanogold/silver enhancement protocol is underscored by the preservation and quality of the morphology of the shown organelles, in particular the internal vesicles of the multivesicular bodies.
Shots:
6.2.1. LAB MEDIA: panel B from Mari et al-Figure 1.eps
7. Conclusion (said by authors on camera)
7.1. Janice Griffith: While attempting this procedure, it’s important to remember that before starting to routinely employ this techniques, one pilot experiment has to be performed to determine the optimal incubation time of the silver enhancement reaction. The resulting particles have to be of homogenous size and not too enlarged.
7.2. Muriel Mari: Following this procedure, other methods like immunogold labeling can be performed in order to answer questions like the localization of particular proteins to a specific endosomal compartments. 
Provided Media

1A. ‘51572_JOVE Cartoon 1.ai’ and ‘51572_JOVE Cartoon 2.ai’
6.1.- 6.2. Mari et al-Figure 1.eps 
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.
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