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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? (Y/N) _N_ 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)__N______ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps_________2.4 – 3.2 - 3.3 – 3.4 – 3.5 – 4.7 _______________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  ____Cell lysis must be performed as fast as possible to minimize variability between samples. If many samples are handled, after the procedure starts (addition of 100g/ml of cycloheximide to the media) proceed with lysis right away and avoid keeping cells in PBS1X+100g/ml cycloheximide for unnecessary time.
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 isolate translating ribosomes (polysomes) in order to study changes in mRNA translation activity in the cell. (Intro)
This is achieved by adding cycloheximide to the growth media in order to “freeze” ribosomes on the mRNA, thereby preventing ribosome run off. P1: Use shot 3.1.2. and zoom in on bottle of cycloheximide.)
As a second step, ribosomes are extracted from cells and separated based on their density by sucrose-density gradient centrifugation to quantify and isolate free ribosomal subunits (40S and 60S), monosomes (80S) and translating ribosomes (polysomes). (P2: Have the test tube and stand portion on the left panel from Step3 appear from the right onto the left side of the screen. Then have the pipette and the words “cell lysate loaded on sucrose gradient” appear simultaneously with the words “and separated.” Then have the arrow and the words below it appear from the right and go to the middle of the screen with the words “sucrose-density gradient centrifugation.” Then have the right panel of the Step3 image appear from the right onto the right side of the screen. Once all of Step3 is displayed on screen then have the whole image disappear to the left simultaneously.)
Next, RNAs or proteins can be extracted from sucrose fractions in order to analyze mRNA and protein abundance respectively in pre- and polysomal-fractions. (P3: Have each image from the Step4 schematic appear and then the arrow appear sequentially on screen and stay on screen until the image of the computer is reached. Have the two arrows after the UV lamp along with the image of the tube appear at the same time. When all of the Step4 schematic is on screen make sure to leave some space on the right side of the screen for the Step5 image.)
The results show quantitative and qualitative changes in mRNA translation, which can be examined on a genome-wide level using microarrays and analyzed using the anota algorithm. (P4: Keep the Step4 schematic on screen and have the arrow to the right of the computer appear and then the graph appear from Step5.)
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B.  Interview: (Said by you on camera. Don’t forget to smile!)   
1.1. Ivan Topisirovic: This method can help answer key questions in the regulation of gene expression at the post-transcriptional level, such as determining changes in mRNA translation on a genome-wide scale or characterizing ribosome- and polysome-associated proteins.  

1.2. Ivan Topisirovic: Demonstrating the procedure will be Valentina Gandin, a research associate from my laboratory. 
1.2.1. Interview style: Author saying the above 

1.2.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

Protocol (read by voice talent at JoVE):
2. Preparation of Sucrose Gradient
2.1. To begin, prepare 100 mL of 60% (w/v) sucrose solution in ddH2O. Then, filter the solution through a 0.22 μm filter.
2.1.1. MED: Talent prepares 100 mL of 60% sucrose solution.

2.1.2. MED-over the shoulder: Talent filters the solution.

2.2. Next, dilute the 60% sucrose solution in 1X sucrose gradient buffer to make 40 mL of 5% and 50% sucrose solutions. (TEXT: See protocol for buffer components.)
2.2.1. MED: Talent makes dilutions of 60% sucrose solution. 
2.3. Use the marker block provided with the gradient unit to mark the half-full point on six polyallomer ultracentrifuge tubes.
2.3.1. MED/CU: Talent uses marker block to mark the half-full point on the ultracentrifuge tubes.  

2.4. Then, use the layering device to add 5% sucrose solution to the half-full point. Next, add the 50% sucrose solution to the bottom of the tube until the interface of the two solutions reaches the half-full point. (TEXT: Tip: Store @ -80°C for up to 6 months.)
2.4.1. MED: Talent uses layering device to add 5% sucrose to the half-full point.

2.4.2. CU: 50% sucrose solution is added to the bottom of the tube.

2.4.3. ECU: The interface of the two solutions reaches the half-full point.

2.5. Seal tubes with rate zonal caps and place the sealed tubes in the tube holder on the gradient maker.
2.5.1. MED: Talent seals tubes with zonal caps.

2.5.2. MED: Talent places tubes in the tube holder on the gradient maker.

2.6. Run the gradient maker to obtain a linear gradient from 5% to 50%. The gradient maker rotates the tubes at a high tilt angle to form six linear gradients within a few minutes.
2.6.1. MED/CU: Talent runs gradient maker to make a linear gradient from 5% to 50%.
3. Isolation and Sedimentation of Polysomes
3.1. On the day of the experiment, cells should be approximately 80% confluent. Treat cells with 100 μg/mL of cycloheximide in growth media and incubate for 5 minutes at 37°C and 5% CO2. 
3.1.1. WIDE: Talent placing a plate of cells on a microscope and looks into lens to check cell growth. (TEXT: Optimal confluency is critical for analysis of translation rates.)

3.1.2. MED: Talent treats cells with cycloheximide in growth media.

3.1.3. WIDE: Talent places cells in incubator.
3.2. Wash cells twice with 10 mL of ice-cold PBS containing 100 μg/mL cycloheximide. Then, add an additional 5 mL of the ice cold PBS solution, scrape the cells, and transfer the cell suspension to a 50 mL tube. (TEXT: Avoid prolonged exposure of cells to ice.)
3.2.1. MED: Talent washes cells with 10 mL of cold PBS with cycloheximide.

3.2.2. CU: Talent adds 5 mL of cold PBS to cells, scrapes the cells, and then transfers cell suspension to a 50 mL tube.
3.3. Centrifuge cells at 200 x g for 5 minutes at 4°C. Then, discard the supernatant and resuspend cells in 425 μL of hypotonic lysis buffer. (TEXT: 5 mM Tris-HCl pH 7.5, 2.5 mM MgCl2, 1.5 mM KCl, and 1X protease inhibitor)
3.3.1. WIDE: Talent places 50 mL tube with cell suspension into centrifuge.

3.3.2. CU: Talent discards supernatant and resuspends cell pellet in hypotonic lysis buffer. (Video editor: Display the TEXT when the talent adds the hypotonic lysis buffer.)
3.4. Next, add 5 μL of 10 mg/mL cycloheximide, 1 uL of 1M DTT and 100 units of RNAse inhibitor to the cell suspension. Then, vortex the solution for 5 seconds.
3.4.1. CU: Talent adds 5 μL of cycloheximide and RNAse to cell suspension.
3.4.2. MED: Talent vortexes solution.

3.5. Supplement the cell suspension with 25 μL of 10% Triton X-100 and 25 uL of 10% sodium deoxycholate. Then, vortex for an additional 5 seconds.
3.5.1. CU: Talent adds 25 μL of Triton and 25 μL of sodium deoxycholate to cell suspension.
3.5.2. MED – over the shoulder: Talent vortexes solution.

3.6. Next, centrifuge the lysates at 16,000 x g for 7 minutes at 4°C. Transfer the supernatant to a new pre-chilled 1.5 mL tube and save 10% of the lysate as a control to measure steady-state mRNA levels.

3.6.1. WIDE: Talent places tube in the centrifuge.

3.6.2. WIDE: Talent retrieves tube from centrifuge.

3.6.3. MED: Talent transfers supernatant to a 1.5 mL tube and saves 10% of the lysate in another tube.

3.7. Measure the OD at 260 nm for each lysate sample and then adjust the lysates to the same OD in hypotonic lysis buffer with a final volume of 500 uL. Remove 500 uL from the top of the sucrose gradients and load the adjusted lysate samples on top of each gradient. 
3.7.1. MED: Talent measures the OD for each lysate sample. 

3.7.2. MED: Talent adjusts lysate volumes to 500 uL.
3.7.3. CU: Talent removes 500 uL from the top of each sucrose gradient and loads the lysate sample on top of the gradient. (TEXT: Tip: Load lysates immediately to improve the quality of the polysome preparations.)

3.8. Next, weigh and balance each gradient tube. Place the tubes in an SW41Ti rotor and put the ultracentrifuge in low brake mode. Then, centrifuge the samples at 222,228 x g for 2 hours at 4°C.
3.8.1. MED: Talent weighs each gradient tube.

3.8.2. MED: Talent places tubes in SW41Ti rotor.

3.8.3. WIDE: Talent places rotor in centrifuge.

3.9. When ultracentrifugation is finished, carefully remove the gradient tubes from the rotor and place them on ice.

3.9.1. WIDE: Talent removes rotor from centrifuge and carefully transfers tubes from rotor onto ice.
4. Polysome Fractionation and RNA Extraction
4.1. First, fill the fraction collector with 2 mL collection tubes. Then, turn on the computer, pump, UV detector, and fraction collector half an hour before fractions are collected.
4.1.1. MED: Talent fills fraction collector with 2 mL tubes.

4.1.2. WIDE: Talent turns on computer, pump, UV detector, and fraction collector.

4.2. Set the pump to run at 3 mL/min and then fill the tubing with a chasing solution. To remove the air in the system, run the chasing solution through the tubing until a drop comes out of the needle. 
4.2.1. MED: Talent sets the pump to 3 mL/min and fills tubing with chasing solution. (TEXT: chasing solution = 60% (w/v) sucrose solution with 0.02% (w/v) bromophenol blue)

4.2.2. CU: Talent runs chasing solution through tubing until one drop comes out of the needle.

4.3. Open the analysis software. Then, set the sensitivity to +/- 10 mEV and the timebase to 100 seconds.

4.3.1. MED – over the shoulder: Talent opens analysis software and sets sensitivity and timebase.

4.4. Place the ultracentrifuge tube into the UV detector and ensure that the tube is in the orthogonal position. Next, twist the knob below the tube holder to pierce the tube with the needle.
4.4.1. MED: Talent places ultracentrifuge tube into UV detector.

4.4.2. CU: Talent twists knob until the needle pierce the tube.

4.5. Adjust the pump flow rate to 1.5 mL/min and set the fraction collector to collect fractions every 30 seconds, which is equal to 750 uL in each fraction. Put the pump in the remote position.

4.5.1. MED: Talent adjust pump flow rate and sets the fraction collector.

4.5.2. MED: Talent puts pump in remote position.

4.6. Then start the pump and fraction collector and begin recording with the DAQ tracer at the same time. 
4.6.1. MED: Talent starts pump, fraction collector and begins recording.

4.7. When the first drop of chasing solution falls into a collection tube, stop the pump and the DAQ tracer at the same time.

4.7.1. CU: The first drop of chasing solution falls into collection tube.

4.7.2. MED: Talent stops the pump and DAQ tracer at the same time.
4.8. Add 750 uL of Trizol to each collected fraction and flash freeze the fractions in liquid nitrogen. Then, follow the manufacturer’s instructions to isolate the polysome-associated and cytosolic RNA from the samples.

4.8.1. MED: Talent adds trizol to each fraction.
4.8.2. MED: Talent flash freezes each fraction in liquid nitrogen.

4.8.3. MED – over the shoulder: Talent reading manufacturer’s instructions for isolating RNA from samples.
5. Results: Analysis of Translational Activity in MCF7 Cells using Polysome Fractionation
5.1. Polysome fractionation was used to evaluate the translational activity of MCF7 breast cancer cells treated with insulin. The proportion of polysomes increased with insulin treatment as compared to control cells and those treated with the mTOR inhibitor, Torin1. This result indicates that insulin stimulates global translation initiation rates in MCF7 cells.
5.1.1. LABMEDIA: File name: Fig1_JoVE_script.ai (Video editors: Highlight the polysome portion of the graph with the words “the proportion.” Then place a vertical double ended arrow between the red and grey lines at fraction number 10 with the words “polysomes increased” and remove the double ended arrow and the word increased that is currently visible on the graph.)

5.2. The results from four independent trials of the insulin experiment were used to evaluate the reproducibility of this polysome fractionation method. The samples from the same treatment condition and RNA origin are closely positioned on this graph, indicating high reproducibility.
5.2.1. LABMEDIA: File name: Fig2_JoVE_script.ai (Video editors: As 5.2 is being read have the circles appear sequentially around each cluster of 4 data points and have the label shown next to each circle appear at the same time the circle appears. For instance, in the top right have the circle appear around those 4 data points and have the label appear “Polysome-associated RNA, Torin 1-treated.”)
6. Conclusion (said by authors on camera) 
6.1. Valentina Gandin: After watching this video, you should have a good understanding of how to lyse cells, prepare sucrose gradients and finally collect fractionated ribosomes. This protocol will allow you to analyze gene expression at the post-transcriptional level.
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.

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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