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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)N   
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)Y 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 individual steps using the step numbers listed in this document. (Please do not list entire sections.) Step 3.5 and 3.6
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) Step 3.6
E.  Will the filming need to take place in multiple locations? (Y/N) Y If yes, how far apart are the locations? The locations are two: the first is a common bio-lab, the second is a dedicated room that hosts the Atomic Force Microscopy. The two rooms are in different buildings, but very close one another. The two rooms are about 30 mt distant. I would just like to inform you that the AFM room is quite small (2m X 4m).
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A. Experimental Goal (read by voice talent at JoVE): 
The overall goal of this protocol is to provide a detailed pipeline for the accurate purification and deposition of brain polyribosomes on mica and to obtain thousands of images at a nano-scale resolution without the need for heavy post-processing or 3D reconstruction analyses. 

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)   
1.1. Gabriella Viero: This method can help answer key questions in the field of translational control, such as understanding the impact of ribosome organization within polysomes during the rewiring of gene expression.
1.2. Gabriella Viero: The main advantages of this technique are that no sample fixation or labeling are required and measurements can be carried out in near physiological conditions to easily identify ribosomes and naked RNA strands.
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)   
1.3. Paola Bernabò: Though this method can provide insight into the organization of mammalian polyribosomes, it can also be applied to other model organisms, such as yeast, bacteria, and insects as well as studies involving translational controls of gene expression..

1.4. Paola Bernabò: Visual demonstration of this method is critical as handling polysomal samples for adsorption on mica and the washes steps are quite tricky and they require handling skills and experience.   
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!) 
1.5. ** Gabriella Viero: Demonstrating the procedure will be Paola Bernabò and Lorenzo Lunelli.  

1.5.1. Interview style: Author saying the above 

1.5.2. The named technician(s), post doc(s), student(s) looks up from workbench or desk or microscope and acknowledges the camera. 
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total) 

1.6. Procedures involving animal subjects have been approved by the Body for the Protection of Animals (OPBA) of the University of Trento (Italy)).
Protocol (read by voice talent at JoVE):  
2. Preparation of Polysome Lysate and Sucrose Gradient Fractionation 
2.1. To begin, collect and freeze brain tissue as described in the accompanying text protocol. Then, pull the frozen tissue from the freezer [2.1.0 - MED] and bring it to the bench [2.1.1 - MED]. Place the frozen brain tissue and liquid nitrogen into a pre-chilled mortar [2.1.2 - MED] and pulverize it using a pestle until it forms a powder. [2.1.3 - CU]
2.1.0 Talent pulls frozen tissue from the freezer

2.1.1. Talent brings tissue to the bench.

2.1.2. *Film as written + 2.1.2.B Close up for detail
2.1.3. *Film as written

2.2. Transfer about 25 mg of the brain powder to a cold microcentrifuge tube and immediately add 0.8 mL of lysis buffer.  [2.2.1 - MED - TXT] Pipette the mixture up and down 25 times quickly to disrupt the cells. [2.2.2 - CU]
2.2.1. *Film as written(TEXT: See Table 1 for lysis buffer recipe)
2.2.2. Talent pipettes up and down ~10 times.
2.3. Next, centrifuge the tube at 12,000 x g for 1 minute at 4°C to pellet the cellular debris.[2.3.1 - MED - TXT]
2.3.1. Talent removes tube from the centrifuge and brings it to the bench. (TEXT: 12,000 x g, 1 min, 4°C)
2.4. Transfer the supernatant to a new microcentrifuge tube and keep the tube on ice for 15 minutes. [2.4.1 - CU]
2.4.1. Talent transfers the supernatant to a new tube and places it on ice.

2.5. Then, centrifuge the tube for 5 minutes to pellet nuclei and mitochondria. [2.5.1 - MED - TXT]
2.5.1. Talent places tube into centrifuge and starts spin.(TEXT: 12,000 x g, 5 min, 4 °C)
2.6. Next, carefully remove 1.0 mL from the top of a previously prepared sucrose gradient. [2.6.1 - CU - TXT] Overlay the sucrose drop by drop with the supernatant from the cytosolic lysate. [2.6.2 - CU]
2.6.1. *Film as written (TEXT: See accompanying text protocol for preparation of sucrose gradient) 
2.6.2. *Film as written
2.7. With the sample now loaded on top of the gradient [2.7.0 - CU], carefully lower the tube and a counterbalance tube into the buckets of a swinging bucket rotor. [2.7.1 - CU] Centrifuge the gradient for 100 minutes.[2.7.2 - MED - TXT]
2.7.0 Loaded samples 

2.7.1. Talent lowers tubes into rotor.

2.7.2. Talent closes rotor lid and starts centrifuge. (TEXT: Ultracentrifuge at 180,000 x g, 100 min, 4 °C)
2.8. After ultracentrifugation, leave the tubes in their buckets for 20 minutes at 4 °C to let the gradients stabilize.[2.8.1 - MED]
2.8.1. Talent sets time for 20 min and places it on top of the centrifuge.
2.9. Then, carefully remove the sample tube and mount it on the collector device of a density gradient fractionation system. [2.9.1 - MED] Collect 1 mL fractions [2.9.2 - CU] while monitoring the absorbance of nucleic acids at 260 nm with a UV-visible light detector and put them on ice.  [2.9.3 - Med Over the Shoulder]
2.9.1. *Film as written

2.9.2. *Film as written

2.9.3. Talent observing the absorbance measurements as the sample is being run. Best results obtained in the second shoot
2.10. Next, prepare 30 to 40 μL aliquots of the fractions of interest and keep them on ice.  [2.10.1 - CU] If the samples will not be used right away [2.10.1B - MED], store them at -80°C and take steps to limit the number of freeze-thaw cycles. [2.10.2 - MED]
2.10.1. *Film as written At the end of the clip you can find the setting of the pipet at 40 μL. This shoot can be placed at the beginning of this scene.
2.10.1B Samples are taken away to the fridge
2.10.2. Talent places them at -80°C  (TEXT: Limit freeze-thaw cycles to < 2) 

3. Atomic Force Microscopy Sample Preparation 
3.1. To prepare samples for AFM imaging, first cover a washed mica sheet [3.1.1 - MED] with 200 μL of 1 mM nickel-2-sulfate and incubate the sheet for 3 minutes at room temperature.  [3.1.2 - MED]
3.1.1. Talent draws up solution and approaches mica sheet. 
3.1.2. Talent covers the sheet with the nickel 2 sulfate.

3.2. Then remove the solution [3.2.1 - MED], dry the surface with compressed air [3.2.2 - MED], and place the petri dish on ice. [3.2.3 - MED]
3.2.1. *Film as written (TEXT: Carry out all future steps at 4°C)

3.2.2. Film as written

3.2.3. Film as written

3.3. Next, gently add the entire aliquot from the fraction of interest, drop by drop on the mica. Using a 100 or 200 μL tip, spread the sample over the entire surface of the mica [3.3.1 – ECU + 3.3.2 - ECU] and incubate the sample on ice for 3 minutes.[3.3.3 - CU]
3.3.1. *Film as written

3.3.2. *Film as written

3.3.3. *Film as written

3.4. Then, cover the mica sheet drop by drop with 200 μL of cold Buffer-AFM and incubate the sample on ice for 1 hour.[3.4.1 - CU - TXT]
3.4.1. *Film as written (TEXT: See Table 1 for buffer recipe)

3.5. Paola Bernabò: “Maintaining the samples at 4°C and using cold buffers that were prepared in RNAse free water are important to preserve the polyribosome’s organization.”[3.5.1 - INT]
3.5.1. Interview style: Author saying the above lines.

3.6. Following incubation, carefully remove the buffer and wash the mica 3 to 4 times with 200 μL of cold Buffer-AFM to remove any excess sucrose. [3.6.1 - CU]
3.6.1. *Film as written

3.7. Then, wash the mica 3 times with cold washing solution [3.7.1 - CU - TXT] and drain the excess water from the mica using paper. [3.7.2 - ECU]
3.7.1. *Film as written

3.7.2.  *Film as written (TEXT: See Table 1 for washing solution recipe). + 3.7.2 DETAIL
3.8. Lorenzo Lunelli: “The complete removal of sucrose from the adsorbed sample is crucial in order to observe both ribosomes and naked RNA in the polysomes. [3.8.1 - INT]
3.8.1. Interview style: Author saying the above lines.

3.9. Leave the sample to dry under the chemical hood with the top of the petri dish partially open. [3.9.1 - MED] After 2 hours, close the petri dish.  The sample can now be stored at room temperature.  [3.9.2 - MED]
3.9.1. Talent sets the dish partially open and leaves the area.

3.9.2. Talent comes back and closes the petri dish.
4. AFM Imaging 
4.1. Attach the prepared sample to the sample holder of the AFM using double-sided tape.[4.1.1 - ECU]
4.1.1. *Film as written

4.2. Then, insert the sample holder in the AFM stage in accordance with the manufacturer's instructions. [4.2.1 - CU]
4.2.1. *Film as written

4.3. Following calibration, approach the sample until the cantilever tip engages the surface. [4.3.1 - ECU - TXT]
4.3.1. Tip approaches and touches the surface of the sample. (TEXT: See accompanying text protocol for calibration and cantilever details) 

*Authors. If you’d like to make this a screen capture instead of a live shot since not much will be able to be seen, feel free to change the shot type.  I chose this shot type since minimal on-screen details are included.
4.4. Select a scan area of 2 microns by 2 microns, a resolution of at least 512 by 512 pixels, choose live background subtraction mode, and select a Z scale of 20 to 25 nm. Then, begin image acquisition. [4.4.1 - SCREEN - TXT]
4.4.1. Screen capture video of the above step as the items are selected in the order in which they are written. (TEXT: Pixel width < 4 nm) (Video Editor: Show text with mention of resolution)
4.5. Inspect the image looking for the presence of round objects characterized by a height between 10 and 15 nm when acquiring images in air.  [4.5.1 - SCREEN]
4.5.1. Screen capture video of talent inspecting the image.  Bring up the image and then circle the round objects with your cursor. (Video Editor: Emphasize the regions pointed out by the talent by adding circles around the areas of interest.)

4.6. Next, adjust the setpoint and feedback parameters until sharp objects are visualized. The background should appear relatively flat in good samples, with some 2 to 4 nm high objects.[4.6.1 - SCREEN]
4.6.1. Screen capture video as the talent performs the above step and then emphasizes the 2-4 nm high objects with the cursor at the end.
4.7. Once the image looks good, acquire several 2 by 2 micron scans at different sample areas.  [4.7.1 - SCREEN - TXT]
4.7.1. Screen capture video showing talent start a 2x2 micron scan. (TEXT: See accompanying text protocol for details on image analysis) 
5. Results: AFM Reveals Ribosome/Polysome Details 
5.1. After the deposition of sucrose aliquots on mica, AFM provides accurate size descriptions of single polysomes that appear as clusters of tightly packed ribosomes. [5.1.1 - LM]
5.1.1. Figure 2b 
5.2. Taking a closer look at one of the ribosomal peaks, using cross section analysis, reveals the height of ribosomal peaks are around 14 nm.  This matches what was previously observed for human ribosomes in polysomes after air drying. [5.2.1 - LM]
5.2.1. Figure 2c-d (Video Editor: Add a dotted line at 14 nm on the graph when height is mentioned.)

5.3. In the image on the right, a macro was used to identify ribosome location and mark each ribosome with a red circle. [5.3.1 - LM]
5.3.1. Figure 3a-b

5.4. Using this information, the frequency distribution of the number of ribosomes per polysome can be analyzed. This experimental distribution was fitted with a Gaussian curve that was centered at 5.8 ribosomes/polysome, with a standard deviation of 1.3.[5.4.1 - LM]
5.4.1. Figure 3b-c

6. Conclusion (said by authors on camera) 
6.1. Paola Bernabò: Once mastered, this technique, from brain pulverization to polyribosome images acquisition, can be done in less than 8 hours if it is performed properly.

6.2. Gabriella Viero: While attempting this procedure, it’s important to remember to keep the samples on ice and use cold buffers for the sample deposition on the mica.
6.3. Lorenzo Lunelli: Following this procedure and using the ImageJ plug-in we developed and make available in our paper, you can precisely count the number of ribosomes per polysome. 
6.4. Paola Bernabò: After its development, this technique will pave the way to understand the kinetics of polysome formation and identifying the changes in polysome organization under different cellular or tissue conditions.
6.5. Gabriella Viero: After watching this video, you should have a good understanding of how to obtain thousands of polysome images for systematically analyzing and studying their organization.

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.
53851_Gabriella_Viero_Figure2b

53851_Gabriella_Viero_Figure2cd

53851_Gabriella_Viero_Figure3ab

53851_Gabriella_Viero_Figure3bc
53851_Gabriella_Viero_movie_4.3 to 4.6
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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