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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___ Nothing complex but maybe we can show the GFP/RFP transfected cells. This could be a screenshot of our previous data if you think it’s better that way (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)_ Protocol doesn’t have step-by-step description of software usage but protocol 5.9-5.11. contains some software usage. We can try and record using the screen recording software. I have to check with the flow cytometry core facility. 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.) __2.1-2.4, 4.1, 5.10

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.) _ None of the procedures are actually difficult. So I am not sure how to answer this question. But Step 5.2 is crucial, because we have to make sure everything is in frame with each other. So this may require inserting additional bases into the primers between the restriction site and the start codon. We also need to delete the stop codon from Cdk1 gene before inserting it ahead of RFP, so the reverse primer will be designed to eliminate the stop codon.

E.  Will the filming need to take place in multiple locations? (Y/N) ____Y___ If yes, how far apart are the locations? _ if we are filming Step 2.5, the centrifuge is located upstairs. If filming Stem 5.9-5.11, the flow cytometer is located in the flow core facility, which is located 1 block from my lab.

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 the following procedure is to determine the sub-mitochondrial localization of a normally nuclear cell cycle kinase, and then to analyze how its mitochondrial localization affects the progression of the cell cycle. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Demet Candas Green: This method can help answer key questions in the mitochondrial research field, such as how the nucleus communicates with the mitochondria during the cell cycle. 

1.2. Jian Jian Li: By tagging proteins with a mitochondria targeting sequence, we take advantage of specifically over expressing these proteins in the mitochondria to study their mitochondria-specific functions.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.3. Lili Qin: Though this method can provide insight into mitochondrial targeting of certain proteins, it can also be applied to other organelles, such as the nucleus, ER, Golgi or Lysosome targeting.
Protocol (read by voice talent at JoVE):

2. Sodium Carbonate Extraction of Intact Mitochondria

2.1. After culturing, homogenizing, and pelleting cells according to the text protocol [2.1.1-WIDE/MED], transfer the supernatant into a new tube [2.1.2-CU-TXT] and centrifuge the sample at 7000 x g and 4 degrees C for 10 minutes [2.1.3-MED]. 

2.1.1. Talent removes centrifuged cells from centrifuge

2.1.2. Film as written (TEXT: discard the pellet)

2.1.3. Talent places sample tubes into centrifuge and sets speed and time; B need another version for 2.3.1 below; C need another version at 15,000 x g for 2.7.1; D need another version for 3.1.2 below; E need another version for 3.3.1 below

2.2. Then use 200 ul of ice-cold IBc buffer to resuspend the pellet [2.2.1-CU] and divide the homogenate into two aliquots [2.2.2-CU]. 

2.2.1. Film as written

2.2.2. Film as written
2.3. Centrifuge the samples again at 7000 x g and 4 degrees C for 10 minutes [2.3.1-MED] and repeat the wash [2.3.2-CU].  After discarding the supernatant, add 30 ul of cell lysis buffer to one of the pellets [2.3.3-CU] and store the lysate at -80 degrees C for immunoblotting [2.3.4-WIDE].
2.3.1. Use 2.1.3B here

2.3.2. Talent adds IBc buffer to pellet

2.3.3. Film as written

2.3.4. Talent places sample at -80 degrees C; B need another version for 2.6.2 2.6.3 below; 

2.4. To carry out sodium carbonate extraction with the second pellet to separate soluble and membrane bound proteins, add 250 ul of 0.1M sodium carbonate, pH 11.0  [2.4.1-MED/CU] and incubate on ice for 30 minutes [2.4.2-MED/CU].

2.4.1. Talent picks up second pellet and adds sodium carbonate 

2.4.2. Talent places sample on ice

2.5. Centrifuge at 100,000 x g for 20 minutes [2.5.1-MED] then collect the supernatant and add an equal volume of freshly made 20% trichloroacetic acid to precipitate the proteins [2.5.2-CU].  Keep on ice for 30 minutes [2.5.3-CU].
2.5.1. Talent places sample into centrifuge and sets speed and time

2.5.2. Talent finishes transferring supernatant to new tube and adds TCA

2.5.3. Talent places sample on ice

2.6. In the meantime, add 30 ul of cell lysis buffer to the pellet [2.6.1-CU] and sonicate according to the text protocol [2.6.2-MED/CU] before storing at -80 degrees C for immunoblotting [2.6.3-WIDE].
2.6.1. Film as written

2.6.2. Talent sonicates sample; B need another version for 3.3.4 below

2.6.3. Use 2.3.4B here

2.7. After the 30-minute TCA incubation, centrifuge the reaction at 15,000 x g for 10 minutes [2.7.1-MED].  Discard the supernatant, then use 80 ul of cell lysis buffer to resuspend the pellet [2.7.2-CU-TXT]. 

2.7.1. Use 2.1.3C here

2.7.2. Talent finishes removing supernatant and then adds cell lysis buffer to resuspend pellet   (TEXT: store at -80°C for immunoblotting).

3. Separation of Inner and Outer Membranes of Mitochondria

3.1. After isolating mitochondrial fractions from cells as described in the text protocol, separate the mitochondrial fractions into 10 equal portions [3.1.1-MED/CU].  Pellet the samples at 7,000 x g and 4 degrees C for 10 minutes [3.1.2-MED].
3.1.1. Talent at bench aliquoting sample into 10 tubes

3.1.2. Use 2.1.3D here  

3.2. Use 30 ul of a range of concentrations of hypotonic sucrose buffers with or without trypsin to dissolve each pellet [3.2.1-MED/CU][3.2.2-LM] and incubate on ice for 30 minutes [3.2.3-CU].  Add 3 ul of 10 mM PMSF to the trypsin containing vials to stop the trypsin digestion [3.2.4-CU-TXT] and incubate on ice for 10 minutes [3.2.5-CU].
3.2.1. Talent pipettes up sucrose buffer from a container found in a row of different concentrations of hypotonic sucrose buffer and adds to a pellet; 

3.2.2. LAB MEDIA Table 1; Editor, place under step 3.2.1
3.2.3. Talent places tubes on ice

3.2.4. Film as written (TEXT: Final [PMSF] = 1 mM)

3.2.5. Talent places tubes on ice

3.3. Centrifuge the samples at 14,000 x g and 4 degrees C for 10 minutes [3.3.1-MED], and transfer the supernatant into a new tube [3.3.2-CU].  To lyse the pellet, add 30 ul of cell lysis buffer [3.3.3-CU], sonicate the samples as described in the text protocol and store at -80 degrees C [3.3.4-MED/CU].
3.3.1. Use 2.1.3E here

3.3.2. Film as written

3.3.3. Film as written

3.3.4. Use 2.6.2B here

4. Construction of Mitochondria-targeted GFP/RFP-tagged CyclinB1/Cdk1 Vectors and Mitochondrial Localization

4.1. To construct mitochondria-targeted GFP/RFP-tagged CyclinB1/Cdk1 vectors, clone the mitochondria targeting sequence from the precursor of human cytochrome c oxidase subunit 8A in frame with the N terminus of GFP or RFP at the NheI and BamHI sites of pEGFP-N1 or pERFP-N1 using standard molecular cloning techniques [4.1.1-LM]. 

How do you want these pronounced??  They appear several times throughout.
Please break up super long sentences
4.1.1. LAB MEDIA Step 5 visuals.pdf, Editor, use step 5.1 here.  Begin with the Human cDNA line at the top right, then the arrows and the MTS rectangles.  Then bring in the top left circles, then the arrows and add in the linear versions of the circles below them.  Then add in the Ligate arrows and then the circles below them that now have a blue segment.

4.2. Using the primers outlined in the text protocol [4.2.1-CU/ECU], amplify the Cdk1 and CyclinB1 genes following standard techniques.  Then use BamHI to digest the PCR products [4.2.2-LM].
4.2.1. Talent picks up a labeled primer and adds to reaction

4.2.2. LAB MEDIA Step 5 visuals.pdf, Editor, use the Step 5.2 - 5.5 page here.  Begin wit the top right Human cDNA and then add in the PCR and arrows and then the yellow and purple rectangles.  For the last sentence, add in the ‘Restriction Digestion with BamHI’ text, the arrows, and the modified yellow and purple rectangles below them. (TEXT: 37(C, 2 hrs)  Add in the text for the last sentence.
4.3. Run the reactions on a 1% agarose gel before using a razor blade to cut out the correct sized DNA fragments [4.3.1-MED] [4.3.2-CU].  Then use a gel extraction kit to purify the DNA [4.3.3-CU].
4.3.1. Talent wearing protection cutting out gel band

4.3.2. Added shot: [CU] Talent cuts out band using razor blade

4.3.3. Talent adds first buffer to gel in microfuge tube

4.4. Next, digest 1 ug of MTS-pEGFP-N1 and MTS-pERFP-N1 plasmids [4.4.1-LM] with 1 ul of BamHI at 37(C for 2 hours [4.4.2-CU].  Then add 1 ul of calf-intestinal alkaline phosphatase [4.4.3-CU] and incubate at 37(C for 30 minutes [4.4.4-MED].  

4.4.1. LAB MEDIA Step 5 visuals.pdf, Editor, use the left side of page two here.  Begin with the circles at the top, then add in the text and arrows below the circles, then add in the linear versions of the circles below.  

4.4.2. Talent adds BamHI to tube

4.4.3. Film as written

4.4.4. Talent places samples at 37 degrees C

4.5. After running the digestion products on a 1% agarose gel and purifying the DNA as just described [4.5.1-CU], set up a ligation reaction using the reagents listed in the text protocol [4.5.2-LM].  Then incubate the reaction at 4 degrees C overnight [4.5.3-WIDE].
4.5.1. Talent picks up tube of purified labeled DNA

4.5.2. LAB MEDIA Step 5 visuals.pdf; Editor, begin with the linear versions of the circles on the left side of page 2, and the bottom group of yellow and purple stacked rectangles on the right side, then add in the ‘Ligate’ text and the arrows, and then add in the MTS circles below them

4.5.3. Talent places reactions in fridge
4.6. Transform E. coli DH5( competent cells with 10 ul of the ligation mixture [4.6.1-CU] and grow the bacteria on plates of LB-agar plus 10 mg/ml of kanamycin at 37 degrees C overnight [4.6.1-MED/CU].
4.6.1. Talent adds ligation mixture to competent cells

4.6.2. Talent plates transformed cells on LB agar plates

4.7. The following day, use a sterile pipette tip to pick a colony from a plate [4.7.1-ECU] and insert the tip into a tube containing 5 ml of LB-kanamycin [4.7.2-CU/ECU].  Incubate the culture overnight [4.7.3-MED] and the following morning, use a miniprep kit according to the text protocol to isolate the plasmid [4.7.4-MED/CU].  

4.7.1. Film as written

4.7.2. Added shot: Film as written

4.7.3. Talent places cells into incubator

4.7.4. Talent at bench pipetting sample into a DNA miniprep column 

4.8. To transfect exponentially growing MCF10A cells [4.8.1-MED/CU-TXT], use Cdk1 or CyclinB1 plasmids to prepare plasmid/transfection reagent at a ratio of 1:2 in 100 ul of serum- and antibiotic-free medium [4.8.2-CU].
4.8.1. Talent places 96-well plates of cells on bench under hood (TEXT: 1.5 x 104 cells on 96-well plates)

4.8.2. Talent prepares transfection reagent with plasmid from labeled tubes 

4.9. Transfect the cells [4.9.1-CU] and incubate at 37 degrees C for 48 hours [4.9.2-WIDE-TXT].  Stain and visualize the mitochondria according to the text protocol [4.9.3-LM]. 
4.9.1. Talent transfects cells
4.9.2. Talent places cells into incubator (TEXT: 5% CO2; 95% relative humidity)
4.9.3. LAB MEDIA Image for Step 4.9.pptx, Editor, use slide 2 here
5. Determination of Cell Cycle Phase Lengths with EdU Incorporation Assay

5.1. To carry out cell sorting, transfect 2 x 105 cells with the desired vectors in a 6 well plate using a 1:2 ratio of DNA to transfection reagent prepared in 2.5 ml of serum-and antibiotic-free medium [5.1.1-MED/CU]. 
5.1.1. Talent adds transfection solution to cells 
5.2. After incubating the transfection for 48 hours, use flow cytometry to live sort the cells stably expressing the GFP-tagged Cdk1 and RFP-tagged CyclinB1 proteins according to the text protocol [5.2.1-LM].
5.2.1. LAB MEDIA Figure 4, Middle set of panels for MTS-CycB1/Cdk1-wt

5.3. To measure cell cycle length using the EdU labeling flow cytometry assay, seed sorted cells in 6-well plates at a density of 2.5 x 105 cells per well [5.3.1-MED/CU].
5.3.1. Film as written
5.4. After an overnight incubation, add EdU to the culture medium at a final concentration of 25 uM and incubate for an additional hour [5.4.1-CU-TXT].  Then, at 2-hour intervals, use 1% BSA in 500 ul of PBS to wash one well of cells [5.4.2-CU] and collect in a 1.5 ml tube [5.4.3-CU].
5.4.1. Talent adds EdU to culture medium (TEXT: 37°C, 5% CO2), Editor, use the text message for ‘After an overnight incubation.’

5.4.2. Talent adds 1% BSA in PBS to wash a well of cells

5.4.3. Talent collects cells into a tube (TEXT: 10-12 hour total)

5.5. Centrifuge the cells at 350 x g for 5 minutes, then discard the supernatant [5.5.1-MED].  Dislodge the pellet by adding 100 ul of fixing solution [5.5.2-CU].  Mix well and incubate at room temperature for 15 minutes [5.5.3-MED/CU].
5.5.1. Talent places cells into centrifuge and sets speed and time

5.5.2. Talent adds fixing solution to pellet

5.5.3. Talent finishes mixing and places cells on bench to incubate
5.6. Next, use 1 ml of 1% BSA in PBS to wash the cells three times [5.6.1-CU], then use 0.5 ml of 70% ethanol to fix the cells at 4 degrees C overnight [5.6.2-CU].
5.6.1. Talent adds BSA/PBS to cells to wash

5.6.2. Talent adds 70% ethanol to cells

5.7. Demet Candas Green, for Step 5.6: When performing Edu-labeling with cells transfected with GFP and RFP tagged proteins, it is critical to quench the fluorescent signals from GFP/RFP. To achieve this, we add an extra step of overnight cell fixing using 70% ethanol [5.7.1-INTERVIEW]. 

5.7.1. Talent recites the above statement while looking off camera
5.8. The following day, after washing and permeabilizing the cells according to the text protocol, add 0.5 ml of reaction cocktail into each tube and mix well [5.8.1-CU-TXT].  Following the incubation in the dark and another wash, use 50 ug/ml of propidium iodide, or PI in 1% BSA/PBS to stain the DNA [5.8.2-CU].  

5.8.1. Talent adds reaction cocktail and mixes well (TEXT: finish with 1% BSA/PBS wash), Editor, use the text message with the first part of the first sentence

5.8.2. Talent adds propidium iodide solution to cells and covers

5.9. Analyze the cells by flow cytometry to follow the EdU-positive population.  Present a scatter dot plot of Edu-labeled cells stained for DNA content and EdU [5.9.1-SCREEN-TXT]. 
5.9.1. SCREEN/LAB MEDIA 5.9-5.10.pptx slide 1, Editor, point out the EdU + region of the plot on the right (TEXT: PI staining X axis, Alexa 647, Y-axis)

5.10. Use the APC channel for Alexa647-EdU utilizing a 670/30 band pass filter with all light present less than 685 nm hitting that filter; and the phycoerythrin channel for PI with a 581/15 band pass filter in front of it with all light present less than 600 nm hitting that filter [5.10.1-SCREEN]
5.10.1. SCREEN/LAB MEDIA 5.9-5.10.pptx, slide 2 showing the APC channel and the PI channel, Editor, add in the red oval and then green oval on the plot at the right when APC and PI are mentioned.
5.11. With a standard gating strategy for acquisition, plot FSC-Area X SSC-Area for morphology followed by PI X Alexa647-EdU for cell staining. Record data for all tubes one by one, acquiring 10,000 events per sample [5.11.1-LM].
5.11.1. LAB MEDIA Gated EdU dot plot.png, Editor, use the top left plot.  For the FSC X SSC for morphology, point out the boxed in area within the large plot.  For the PI X Alexa647-EdU cell staining, point out the entire plot.
6. Results: Mitochondrial Analysis of CyclinB1 and Cdk1 
6.1. In this figure, mitochondrial matrix protein Hsp60, and intermembrane space protein Timm13 were used as sub-mitochondrial localization markers. Similar with Hsp60 but unlike Timm13, CyclinB1 and Cdk1 were protected from trypsin digestion, indicating that they localize to the mitochondrial matrix [6.1.1-LM].
6.1.1. LAB MEDIA Figure 1B, Editor, for Hsp60 and Timm13 in the first sentence, point out the bottom two rows labeled with these proteins.  For CyclinB1 and Cdk1 protection from trypsin digestion, point out the left hand columns in the CyclinB1 and Cdk1 rows.
6.2. As shown here by Western blotting of the isolated mitochondrial fractions, using the MTS- and GFP-tagged CyclinB1 and Cdk1 constructs, overexpression of CyclinB1 and/or Cdk1 was achieved in the mitochondria [6.2.1-LM].

6.2.1. LAB MEDIA Figure 2, Editor, for the last part of the sentence, point out the rows of CyclinB1 and Cdk1 when mentioned.  

6.3. Using an EdU pulse chase assay, it was demonstrated that labeled S phase cells progressed through G2/M phase and appeared in G1 phase as fast as 4 hours in cells expressing wild type mitochondrial CyclinB1/Cdk1, as compared to 6 hours in cells transfected with a vector control or mutant CyclinB1/Cdk1, indicating that enhancement of mitochondrial CyclinB1/Cdk1 accelerates cell cycle progression [6.3.1-LM].
Please break up super long sentences
6.3.1. LAB MEDIA Figure 4A, Editor, for ‘as fast as 4 hours in cells…’, point out the middle row of black twin peaks in column 4.  For ‘as compared to 6 hours…’ point out the two sets of twin peaks in column 6 in the top and bottom rows. 
7. Conclusion (said by authors on camera)

7.1. Demet Candas Green: Following this procedure, other methods like mitochondrial ATP generation, oxygen consumption, membrane potential, and reactive oxygen species can be measured in order to answer additional questions like how mitochondrial localization of cell cycle kinase Cdk1 alters mitochondrial respiration and energy output.

7.2. Jian Jian Li: After watching this video, you should have a good understanding of how to study mitochondrial localization and mitochondria-specific functions of a nuclear kinase.

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.

( 2013, Journal of Visualized Experiments


