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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)__N_______  

Can you record movies/images using your own microscope camera? (Y/N)_________  

If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: _

B.   Software Usage: 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 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 2.5 2.6 2.16 3.8
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

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.) 2.16 3.8 
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

E.  Will the filming need to take place in multiple locations? (Y/N) ___N____ If yes, how far apart are the locations? ___________________________________________________

1. Introduction (Experimental Goal and Author Interviews) 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this procedure is to purify ribosomes from mitochondria of human cell lines on a large-scale that is sufficient for structural studies.
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Juni Andrell: This mitochondrial ribosome purification method enables the characterization of translating complexes, mutants, quality control assemblies and mitoribosomal subunit intermediates. These can be used to answer key questions about protein synthesis in mitochondria.  
1.2. Shintaro Aibara: The main advantage of this technique is that nitrogen cavitation is used for cell lysis and only 1010 cultured cells are needed to prepare mitoribosomes for high resolution structure determination.
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Vivek Singh: This technique can result in the discovery of new components of the complex mitochondrial translation system, and can be further extended to the development of novel therapeutics in cancer treatment.
Protocol: (read by voice talent at JoVE)
2. Mitochondria Isolation
2.1. After culturing HEK293S cells according to the text protocol [1-WIDE], harvest two 1 L tubes of cells by centrifugation at 1,000 x g and 4 °C for 7 min [2-MED-TXT].
2.1.1. Talent transfers cells to centrifuge tubes 
2.1.2. Talent places tubes into centrifuge and sets speed and time with temp already set (TEXT: 3 - 4 x 109 cells/centrifuge tube)
2.2. Carefully decant the supernatant and quickly resuspend each pellet in 100 mL of PBS [1-CU]. Then pool the cells and centrifuge the suspension at 1,200 x g and 4 °C for 10 min [2-MED].
2.2.1. Talent finishes decanting supernatant from a tube and adds PBS and resuspends
2.2.2. Talent places pooled tube of cells in centrifuge and resets speed to 1200 x g and resets time to 10 min
2.3. Next, after carefully decanting the supernatant, weigh the pellet [1-MED/CU-TXT]. Then use 120 mL of MIB buffer to resuspend it [2-CU] and leave the resuspended cells to swell in the cold room for 20 min [3-MED/CU].
2.3.1. Talent finishes decanting supernatant and places tube with pellet on scale (TEXT: ~15-20 g)
2.3.2. Talent adds MIB buffer and resuspends pellet
2.3.3. Talent places tube with cells on the roller in the cold room.
2.4. Transfer the swelled cells to a pre-cooled nitrogen cavitation chamber on ice [1-CU]. Then add 45 mL of SM4 buffer to the cells [2-CU]. 
2.4.1. Talent places chamber on ice and transfers cells into chamber
2.4.2. Talent adds SM4 buffer (TEXT: Final concentration - 70 mM sucrose, 210 mM mannitol)
2.5. Fasten the nitrogen cavitation chamber and fill it with nitrogen until the pressure reaches 500 psi [1-MED/CU]. Then close the taps and keep it on ice for 20 min [2-MED/CU].
2.5.1. Talent fastens nitrogen cavitation chamber and fills with nitrogen – pressure can be seen rising to 500 psi Videographer note: 2.5.1 and 2.5.2 were combined. 
2.5.2. Talent closes taps and keeps chamber on ice 
2.6. Juni Andrell, Step 2.5: The nitrogen cavitation cell lysis method prevents external physical stress on cells, avoids heat damage to organelles, protects cells from oxidation by nitrogen gas, and is highly reproducible [1-INTERVIEW].
2.6.1. Talent recites the above statement looking off camera
2.7. Slowly release the pressure in the chamber [1-MED/CU] and collect the lysate [2-CU-TXT].  Then to remove the cell debris and nuclei, centrifuge the lysed material at 800 x g and 4 °C for 15 min [3-MED].
2.7.1. Talent begins to release pressure in chamber Videographer note: 2.7.1 through 2.7.3 were combined. 
2.7.2. Talent collects lysate (TEXT: ~185 mL)
2.7.3. Talent places tubes into centrifuge with settings visible and starts spin
2.8. Collect the supernatant by pouring it through a folded piece of muslin cloth into a beaker kept on ice. Do not discard the pellet [1-CU].
2.8.1. Talent pours supernatant through a folded piece of muslin cloth into beaker on ice
2.9. Resuspend the pellet in 90 mL of MIBSM buffer [1-CU]. Then using a Teflon/glass Dounce homogenizer, homogenize the sample [2-CU] and repeat the centrifugation at 800 x g and 4 °C for 15 min [3-MED]. 

2.9.1. Talent resuspends pellet in MIBSM
2.9.2. Talent homogenizes sample
2.9.3. Talent places sample into centrifuge and starts spin

2.10. Again, collect the supernatant by pouring it through a folded piece of muslin cloth into a beaker kept on ice [1-CU]. Then combine this supernatant with the first supernatant [2-CU].
2.10.1. Talent pours supernatant through cheesecloth into beaker on ice

2.10.2. Talent combines supernatant with first supernatant

2.11. Centrifuge the sample at 1,000 x g and 4 °C for 15 min [1-MED].  Then collect the supernatant as before [2-CU].

2.11.1. Talent sets speed and time with temp set, closes door and starts spin

2.11.2. Talent pours supernatant through a folded piece of muslin cloth into beaker on ice
2.12. After discarding the pellet, centrifuge the supernatant containing crude mitochondria at 10,000 x g and 4 °C for 15 min [1-MED]. 

2.12.1. Talent places tubes into centrifuge, closes door and starts spin

2.13. Carefully wash out any loose pellet without disturbing the tight portion [1-CU/ECU]. Then use 10 mL of MIBSM buffer to resuspend the tight pellet [2-CU-TXT]. 

2.13.1. Talent decants supernatant Videographer note: 2.13.1 and 2.13.2 were combined. 
2.13.2. Talent adds MIBSM buffer and resuspends tight pellet (TEXT: Use protein assay kit to determine protein concentration)
2.14. Add 200 Units of RNase free DNase to the sample to remove the genomic DNA [1-CU] and rotate the tube on a roller in the cold room for 20 min to evenly digest the sample [2-MED/CU].
2.14.1. Talent adds DNase to sample

2.14.2. Talent places tube on roller in cold room

2.15. Centrifuge the sample at 10,000 x g and 4 °C for 15 min [1-MED] and use 2 mL of SEM buffer to resuspend the pellet [2-CU].
2.15.1. Talent places tubes into centrifuge, closes door and starts spin

2.15.2. Talent resuspends pellet with SEM buffer

2.16. Load the entire mitochondrial suspension on top of the sucrose gradient [1-ECU-TXT].
2.16.1. Talent shows gradient to the camera and then loads suspension onto gradient (TEXT: Refer to text protocol for gradient buffers)
2.17. After spinning the gradient according to the text protocol, using a transfer pipette, carefully collect the brown band migrating at the interface of 32% and 60% sucrose [1-ECU-TXT].
2.17.1. Talent collects brown band migrating at interface of 32 and 60% sucrose, (TEXT: SW40, 139,065 x g, 60 min; typically 2 - 3 mL); Editor, use the first half of the text note for the gradient spinning and the second part for the collection.
3. Mitoribosome Purification
3.1. After defrosting frozen mitochondria on ice, add 2 volumes of lysis buffer to 3 mL of mitochondria. Immediately mix by inverting the tube several times [1-MED/CU].
3.1.1. Talent adds lysis buffer to defrosted mitochondria and inverts tube several times
3.2. Use a small Teflon/glass dounce homogenizer to assist with lysis [1-CU] and incubate the homogenate on ice for 5 – 10 min to complete the reaction [2-CU].
3.2.1. Talent homogenizes sample
3.2.2. Talent places homogenized sample on ice
3.3. Centrifuge the lysate at 30,000 x g and 4 °C for 20 min to remove the insoluble material [1-MED]. Then carefully collect the supernatant and discard the pellet [2-CU].
3.3.1. Talent places sample into centrifuge and sets speed and time (have temp already set)
3.3.2. Talent collects supernatant and discards pellet
3.4. Repeat the centrifugation to ensure clarification of the supernatant [1-MED-TXT]. Then carefully collect the supernatant and discard the pellet [2-CU].
3.4.1. Talent places tubes in centrifuge, closes door and starts spin (TEXT: 30,000 x g, 4 °C, 20 min)
3.4.2. Talent collects supernatant and discards pellet
3.5. For every mL of lysed material, prepare a sucrose cushion in a TLA 120.2, ultra clear tube by adding 0.4 mL of sucrose cushion to the tubes [1-CU]. 
3.5.1. Talent adds sucrose cushion to the tubes
3.6. Layer approximately 1 mL of lysed mitochondria onto each sucrose cushion, resulting in a lysate:cushion ratio of 2.5:1 [1-CU/ECU].  Then centrifuge the sample in a TLA120.2 rotor at 231,550 x g and 4 (C for 45 min [2-MED].
3.6.1. Talent layers lysate onto a cushion with other cushions already layered in background
3.6.2. Talent places tubes into rotor, closes door and starts spin with settings visible
3.7. Discard the supernatant and use 100 µL of the resuspension buffer to rinse the tube and remove residual sucrose [1-CU].  
3.7.1. Talent discards supernatant and adds resuspension buffer to pellet to remove residual sucrose
3.7.2. Talent adds Polyethylene glycol octylphenyl ether to tube to rinse

3.8. Resuspend the pellets and combine them in a total of 100 µL of resuspension buffer [1-CU].
3.8.1. Talent resuspends pellets in resuspension buffer 
3.9. Vivek Singh, Step 3.8: It is essential to work on ice and avoid heating the sample or producing foam while resuspending the cushion pellets to preserve the native state of the mitoribosomes [1-INTERVIEW]. 
3.9.1. Talent recites the above statement looking off camera
3.10. Vortex the sample on slow speed for 30 s to dissolve the remaining aggregates [1-MED/CU] and centrifuge the tubes at 17,949 x g and 4 °C for 10 min [2-MED/CU].
3.10.1. Talent slowly vortexes sample Videographer note: Incorrectly slated as 3.3.1. The previous chip slated as 3.3.1 is the real 3.3.1.
3.10.2. Talent places tubes into microcentrifuge and sets speed and time with temp set
3.11. Carefully collect the supernatant and repeat the centrifugation [1-MED/CU].
3.11.1. Talent finishes collecting supernatant and places tubes into centrifuge
3.12. After measuring mitoribosome absorption at A260, load the entire sample onto a single linear sucrose gradient tube [1-CU]. Centrifuge the sample in a TLS-55 rotor at 213, 626 x g and 4 °C for 120 min [2-MED-TXT].
3.12.1. Talent loads sample onto linear sucrose gradient tube
3.12.2. Talent places tube into rotor and places rotor into centrifuge – have centrifuge set with speed, time, and temp (TEXT: Fractionate gradient and isolate mitoribosomes according to the text protocol) 
3.13 To fraction the gradient, puncture the bottom of the tube and collect the sample drop wise in a 96-well plate [1-CU-TXT].
3.13.1 Added shot: Talent fractionates the gradient (TEXT: Determine optical density at A260 ; Pool fractions corresponding to nucleic acid peak)
4. Results:  Isolated Mitoribosomes from HEK Cells
4.1. As demonstrated in this discontinuous sucrose gradient, the purified mitochondria migrate to the brown, lower band at the 32/60% interface [1-LM].

4.1.1. LAB MEDIA Figure 1, Editor, show the tube without the text and then add in the ‘Mitochondria,’ and then 32% and 60% text when each is mentioned.
4.2. Following the separation of mitoribosomes from soluble mitochondrial complexes on a sucrose gradient, two major mitoribosomal populations are identified, the monosome 55S and large subunit 39S.  The presence of the large subunit fraction suggests that cells are harvested in an actively dividing state [1-LM].
4.2.1. LAB MEDIA Figure 3, Editor, for the 55S add in the #2 above the blue peak and for the large subunit, add in the #1 above the peak

4.3. This panel shows a micrograph with the sample from monosome peak 2 at a calibrated magnification of 1.23 A/pixel [1-LM].
4.3.1. LAB MEDIA Figure 4, left hand panel, Editor, zoom out on this panel when bringing in the middle panel in step 4.4 below.
4.4. Shown here is post-processing data revealing intact monosomes [1-LM].  Finally, a monosome 3D reconstruction is illustrated in this panel [2-LM].

4.4.1. LAB MEDIA Figure 4, middle panel

4.4.2. LAB MEDIA Figure 4, right panel, Editor, zoom out on the panel in 4.4.1
5. Conclusion (said by authors on camera)
2.1. Shintaro Aibara: After watching this video, you should have a good understanding of how to prepare intact human mitoribosomes for structural and biochemical studies. 
2.2. Shintaro Aibara:  This protocol uses nitrogen cavitation to break the cells. Once mastered, a large-scale isolation of highly pure intact mitochondria can be done within 9 h and can be easily modified and adapted to different cell types and scales. 
2.3. Shintaro Aibara:. Mitoribosome purification should not take more than 7 h to yield a sufficient amount of mitoribosomes. 
2.4. Shintaro Aibara:  Our protocol offers high-quality final preparations and can be extrapolated to other mitochondrial macromolecules.

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 are included in the email accompanying the finalized script.

�Post shoot by Caitlin 
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