[bookmark: _GoBack]
Submission ID #: 56001
Editor Name: Laifong Lee
Videographer name:
Film Date: May 17, 2017
Link: http://www.jove.com/files_upload.php?src=17080353

Authors and Affiliations: 
Frank J. Jenkins1,2, Charles M. Kerr2, Elise Fouquerel2,3, Dana H. Bovbjerg2,4, and Patricia L. Opresko2,3

1Departments of Pathology and Infectious Diseases and Microbiology, University of Pittsburgh, Pittsburgh, PA
2University of Pittsburgh Cancer Institute, Pittsburgh, PA
3Department of Environmental and Occupational Health, University of Pittsburgh, Pittsburgh, PA
4Departments of Psychiatry, Psychology, Behavioral & Community Health Sciences, University of Pittsburgh, Pittsburgh, PA


Title: Modified Terminal Restriction Fragment Analysis for Quantifying Telomere Length using In-gel Hybridization



Corresponding Author: 
Frank J. Jenkins, Ph.D. 
fjenkins@pitt.edu



Co-authors:
Charles M. Kerr 
Kerr.CharlesM@gmail.com

Elise Fouquerel 
Elf51@pitt.edu

Dana H. Bovbjerg 
bovbjergdh@upmc.edu

Patricia L. Opresko 
Opreskopl@upmc.edu






Authors, please fill out the brief questionnaire below.   

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)___n.a.______  
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: ____n.a._________________________________________
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.) 4.3, 4.6, 4.8, 6.4__
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.) 4.6.  Ensure that the gel is fully contained within the mesh and once placed in the tube, the mesh is touching the inside of the tube.
E.  Will the filming need to take place in multiple locations? (Y/N) __Y_____ If yes, how far apart are the locations? _______50 ft____________________________________________

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 procedure is to determine the length of telomeres in eukaryotic cells, using a modified version of a telomere restriction fragment analysis procedure as described by Drs. Jerry W. Shay, Woodring Wright and colleagues. (Intro)


B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Frank Jenkins: By providing data on telomere length, this procedure can answer questions in cell biology, behavioral medicine, epidemiology and infectious diseases on the effects of age, stress, drug treatments and infections.  
1.2. Frank Jenkins: The main advantage of this technique is that it provides a direct measurement (in kilobases) of the average telomere length in a variety of cells.   

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

	N.A.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
N.A.  























Protocol: (read by voice talent at JoVE)

2. Genomic DNA Digestion

2.1. The genomic DNA samples to be analyzed were extracted from cells using a commercial DNA extraction kit as described in the text protocol.  [1-MED] 

2.1.1. Talent setting out 6 tubes of previously isolated genomic DNA on the bench top.  Please get other reagents needed for the digest in frame.

2.2. Perform the digestion of the genomic DNA in a final volume of 20 to 40 µL.  [1-MED] Combine the following in each microcentrifuge tube: 3 µg of genomic DNA, 10x DNA digest buffer, 1 µL of RsaI (Voiceover: “R S A one”) restriction enzyme, 1 µL of HinfI (Voiceover: “Hin F one”) restriction enzyme, and sterile, deionized water to the final volume. [2-JoVE stock graphics]

2.2.1. Talent pipetting the first reagent into a microfuge tube.
2.2.2. Show graphic of an open cap microfuge tube.  (Resource ID #630) A micropipettor (Resource ID #2538) then appears above the tube and as each reagent is narrated, the corresponding overlay text appears: 3 µg genomic DNA; 10x DNA digest buffer; 1 µL RsaI (10,000 U/mL); 1 µL HinfI (10,000 U/mL); sterile, deionized H2O.

2.3. Centrifuge briefly to ensure that all components are in the bottom of the tube. [1-MED-TXT] 

2.3.1. Talent putting the 6 tubes into the centrifuge and starting the spin. TEXT: 16,000 x g; 10–15 s

2.4. Incubate the digestions at 37 °C for at least 16 hours. [1-MED-TXT] 

2.4.1. Talent putting the tubes into a 37 °C water bath. TEXT: 37 °C; ≥16 h

3. Genomic DNA Gel Electrophoresis

3.1. Begin this procedure by preparing a 0.6% agarose solution as described in the text protocol. [1-MED] 

3.1.1. Talent putting a flask with agarose solution into the microwave oven and starting the microwave.

3.2. Prepare the gel electrophoresis system for gel casting: attach the end gates to the gel casting tray. [1-CU-TXT] 

3.2.1. Talent attaching the end gates to the gel casting tray. TEXT: cool end gates to 4 °C prior to attaching to the casting tray.

3.3. Once the agarose gel solution has cooled to 50 °C, pour it into the gel casting tray, place a comb into the gel, and allow the gel to harden for 45 minutes uncovered at room temperature. [1-MED]

3.3.1. Talent pouring agarose gel solution into casting tray, places a comb into the gel, and leaves the gel to harden.

3.4. Remove the end gates from the casting tray and remove the comb from the gel. [1-CU] Fill the gel electrophoresis system with electrophoresis buffer to the fill line, ensuring that the gel is completely submerged in the buffer. [2-CU]

3.4.1. *film as written.
3.4.2. *film as written.

3.5. Load the wells of the gel with the DNA samples, leaving a blank well between samples. [1-MED] Add 10 µL of a DNA ladder into the wells on the opposite ends of the gel. [2-CU]

3.5.1. A well being loaded (lane 2), the next well is skipped, and then the next well is loaded. (lane 4)
3.5.2. (after all  samples have been loaded) DNA ladder being loaded into lane 1.

3.6. Run the gel electrophoresis at 150 volts for 30 minutes to quickly move the DNA into the gel. [1-MED-TXT] After 30 minutes, adjust the voltage to 57 volts and run for 18 to 24 hours. [2-MED-TXT]

3.6.1. Talent connects the gel to the power supply, sets the voltage and then starts the run. TEXT: 150 V; 30 min
3.6.2. Talent switches off the power supply, lowers the voltage to 57 V, and then starts the run. TEXT: 57 V; 18-24 h

4. Gel Fluorescent Imaging and Hybridization

4.1. After the gel has run for 18 to 24 hours, turn off the electrophoresis power source and remove the gel casting tray with the gel from the electrophoresis buffer. [1-MED] Slice off the top right corner of the gel to serve as a reference for the orientation of the gel. [2-CU]

4.1.1. Talent turning off power supply and then removing the tray with the gel from the buffer.
4.1.2. Top right corner of the gel being cut off.

4.2. Cut a piece of filter paper to a size slightly larger than the gel. [1-MED] Place the filter paper on top of the gel in the casting tray and allow the paper to soak up the excess solution on the gel. [2-CU] Carefully remove the air bubbles between the filter paper and the gel using a pipette as a roller to squeeze the bubbles out through the sides. [3-CU]

4.2.1. *film as written.
4.2.2. *film as written.
4.2.3. *film as written.

4.3. Remove the gel from the casting tray by flipping the gel and filter paper over so that the paper is underneath the gel. [1-CU] Transfer the gel with the filter paper to a gel dryer and cover the gel with plastic wrap. [2-MED] Remove all air bubbles between the plastic wrap and gel using a pipette as a roller. [3-CU]

4.3.1. Talent flips the gel and filter paper over so that the paper is underneath the gel.
4.3.2. Talent placing the gel with the filter paper on a gel dryer and then covering the gel with plastic wrap.
4.3.3. *film as written.

4.4. Dry the gel at 50 °C for 2 hours. [1-MED-TXT]

4.4.1. Talent places plastic cover (of gel dryer) over the wrapped gel and then switches on the machine.  TEXT: 50 °C; 2 h

4.5. Once the gel has dried, remove the plastic wrap and transfer the gel and filter paper to a glass dish containing 250 mL of deionized water. [1-MED] Carefully remove the filter paper and incubate the gel at room temperature for 15 minutes. [2-CU]

4.5.1. Talent removing plastic wrap from dried gel and then putting the gel and filter paper into a glass dish containing deionized water.
4.5.2. Filter paper being carefully removed and gel is left in the dish.

4.6. Lay the gel on top of a 12 by 12-inch nylon mesh. [1-CU] Roll the nylon mesh and gel together, making sure that the gel is not in contact with itself. [2-CU] Place the mesh and gel into a hybridization tube. [3-CU]

4.6.1. *film as written.
4.6.2. *film as written. Please get multiple usable takes; shot will be repeated later.
4.6.3. *film as written. Please get multiple usable takes; shot will be repeated later.

4.7. Combine 100 mL of 5x SSC and 12 µL of green fluorescent nucleic acid stain and place into the hybridization tube. [1-MED] Incubate for 30 minutes at 42 °C in a hybridization oven with rotation. [2-MED] Protect the solution from light. [3-MED] 

4.7.1. *film as written.
4.7.2. Talent putting the hybridization tube into a rotator in a 42 °C oven and closes the oven door. Please get multiple usable takes; shot will be repeated later.
4.7.3. Talent covering the oven with aluminum foil.

4.8. After 30 minutes, remove the nylon mesh and gel from the hybridization tube. [1-CU] Roll open and place flat into a glass dish containing 250 mL of deionized water. [2-CU] Gently remove the nylon mesh. [3-CU]

4.8.1. Nylon mesh/gel being removed from the hybridization tube.
4.8.2. *film as written. Please get multiple usable takes; shot will be repeated later.
4.8.3. *film as written. Please get multiple usable takes; shot will be repeated later.

4.9. Image the gel using a phosphor-imager with the indicated settings. [1-MED-TXT] 

4.9.1. Talent at the phosphor-imager placing the gel on the imaging surface and then starting the scan. TEXT: 520 BP; 40 Blue and 488 nm; PMT 375, focal plane +3 mm; normal sensitivity

5. Hybridization with telomere probe

5.1. Prepare the radioactive telomere probe following the facilities’ regulations for handling radioactivity. [1-MED] In a microcentrifuge tube, combine the following: 2 µL of telomere probe, 2.5 µL of 10x polynucleotide kinase reaction buffer, 3 µL of γ32P-dATP, (Voiceover: ATP labeled on the gamma phosphate group with P thirty two) 4 µL of T4 polynucleotide kinase, and DNase free, sterile, deionized water to a final volume of 20 µL. [2-JoVE stock graphics]  

5.1.1. Talent (wearing appropriate PPE) pipetting reagent into a microcentrifuge tube. Note:  a mock experiment without radioactivity will be performed on filming day.
5.1.2. Show graphic of an open cap microfuge tube.  (Resource ID #630) A micropipettor (Resource ID #2538) then appears above the tube, and as each reagent is narrated, the corresponding overlay text appears: 2 µL (2 ng) telomere probe; 2.5 µL 10x polynucleotide kinase reaction buffer; 3 µL γ32P-dATP (6,000 Ci/mmol); 4 µL T4 polynucleotide kinase; DNase free, sterile, deionized H2O to 20 µL

5.2. Briefly centrifuge the tube. [1-MED] Incubate the tube in a water bath at 37 °C for 1 hour. [2-MED-TXT] Centrifuge the tube briefly [3] and incubate at 65 °C for 20 minutes to stop the reaction. [4-MED-TXT]

5.2.1. Talent putting the tube into the centrifuge and starting the spin.  Please get multiple usable takes; shot will be repeated later.
5.2.2. Talent putting the tube into the 37 °C water bath. TEXT: 37 °C; 1 h
5.2.3. Use shot from 5.2.1.
5.2.4. Talent putting the tube into a 65 °C water bath. TEXT: 65 °C; 20 min

5.3. Load the radioactive probe solution into a prepared G-25 chromatography column [1-CU] and centrifuge for 2 minutes at 700 x g. [2-MED] Save the filtrate, which contains the radioactive telomere probe. [3-CU]

5.3.1. *film as written.
5.3.2. Talent putting the chromatography column into the centrifuge and starting the spin.
5.3.3. Filtrate being pipetted into a new tube.

5.4. Place the gel into a glass dish containing 250 mL of denaturing solution and incubate for 15 minutes at room temperature. [1-MED] Remove the denaturing solution and replace with 250 mL of sterile deionized water. [2-MED] Incubate for 10 minutes on an orbital shaker at room temperature. [3-MED]

5.4.1. Talent placing the gel into a glass dish containing denaturing solution and leaving the gel there.
5.4.2. *film as written.
5.4.3. Talent putting the dish with the gel on an orbital shaker and turning the shaker on. 

5.5. Remove the deionized water, replace with 250 mL of neutralization solution, and incubate for 15 minutes at room temperature. [1-MED]

5.5.1. Talent removes the water from the dish, adds 250 mL of neutralization solution and leaves the gel in the dish.

5.6. Roll the gel into a nylon mesh [1] and place into the hybridization tube. [2] Add 20 mL of the hybridization solution [3-CU] and incubate in a hybridization oven at 42 °C for 10 minutes with rotation. [4]

5.6.1. Use shot from 4.6.2.
5.6.2. Use shot from 4.6.3.
5.6.3. 20 mL of hybridization solution being added to the tube.
5.6.4. Use shot from 4.7.2.

5.7. After 10 minutes, remove the hybridization solution and replace with 20 mL of fresh hybridization solution. [1-MED] Add the entirety of the telomere probe [2-CU] and incubate in a hybridization oven at 42 °C with rotation overnight. [3-TXT]

5.7.1. Talent removing the hybridization solution and replacing with 20 mL of fresh hybridization solution.
5.7.2. *film as written.
5.7.3. Use shot from 4.7.2. TEXT: 42 °C; O/N

6. Gel Washing, Phosphor Screen Exposure, and Radio Imaging

6.1. When the hybridization with the telomere probe is complete, remove the gel and mesh from the hybridization tube and place into a glass dish containing 250 mL of 2x SSC. [1-MED] Unroll and remove the nylon mesh from the dish. [2-CU] Place the glass dish onto an orbital shaker and incubate for 15 minutes at room temperature. [3-MED]

6.1.1. Talent removing the gel and mesh from the hybridization tube and placing it into a glass dish containing 2x SSC.
6.1.2. *film as written.
6.1.3. Talent placing the glass dish onto the orbital shaker and turning the shaker on. Please get multiple usable takes; shot will be repeated later.

6.2. Remove the 2x SSC, replace with 250 mL of 0.1x SSC plus 0.1% SDS solution, [1-MED] and incubate for 15 minutes on an orbital shaker at room temperature. [2]

6.2.1. *film as written.
6.2.2. Use shot from 6.1.3.

6.3. Remove the 0.1x SSC plus 0.1% SDS solution, replace with 250 mL of 2x SSC, [1-MED] and incubate for another 15 minutes on the orbital shaker. [2]

6.3.1. *film as written.
6.3.2. Use shot from 6.1.3.

6.4. Remove the gel from the 2x SSC and wrap the gel in plastic wrap. [1-MED] Remove all bubbles and air pockets between the gel and the plastic wrap. [2-CU] Place the gel into an exposure cassette with the Phopshor screen and expose the Phosphor screen to the gel overnight. [3-MED]

6.4.1. *film as written.
6.4.2. *film as written.
6.4.3. *film as written.

6.5. On the following day, use a phosphorimager to image the exposed Phosphor screen. [1-MED]

6.5.1. Talent imaging the exposed Phosphor screen with the phosphorimager.

6.6. The phosphor-images are subsequently used for telomere length quantification, as described in the text protocol. [1-MED-TXT] 

6.6.1. Talent at the computer, opening the phosphorimager file containing the fluorescent image of the green fluorescent nucleic acid-stained gel to start analysis. TEXT:  Refer to text protocol for telomere length analysis.

7. Results: telomere length is quantified by a modified terminal restriction fragment analysis

7.1. Three concentrations of DNA isolated from an immortalized human foreskin fibroblast cell line [1-LM] and human peripheral blood mononuclear cells were analyzed for telomere length. [2-LM] This phosphor-image of the dried agarose gel stained with green fluorescent nucleic acid stain shows the location of the DNA ladder bands in lanes 1 and 8. [3-LM]

7.1.1. 56001fig1large.jpg. Circle ‘BJ-hTERT’ 
7.1.2. 56001fig1large.jpg. Circle ‘PBMC’
7.1.3. 56001fig1large.jpg. Highlight lanes 1 and 8.

7.2. The distance measured from the top of the gel to each molecular weight standard is indicated by blue arrows. [1-LM]

7.2.1. 56001fig2large.jpg.

7.3. Following hybridization with the telomere probe, the telomere bands appear as smears in each lane. [1-LM]

7.3.1. 56001fig3large.jpg

7.4. Grids of 150 boxes were calculated for each lane plus one background lane. [1-LM]

7.4.1. 56001fig4large.jpg

7.5. The selected areas of analysis for each set of samples are shown. [1-LM] Separate background lanes, marked B, were selected for each set of samples to ensure that the background intensities were similar for each sample set. [2-LM]

7.5.1. 56001fig5large.jpg
7.5.2. 56001fig5large.jpg.  Highlight the two ‘B’ lanes

7.6. Average telomere length calculations revealed a higher average telomere length in the immortalized cell line [1-LM] than in human peripheral blood mononuclear cells. [2-LM] These results also demonstrate that the amount of genomic DNA analyzed in each lane is critical to obtaining a detectable signal following hybridization. [3-LM]

7.6.1. Table 2.xlsx. Circle/highlight the average telomere length numbers for the 3 BJTert samples. (13.045…, 13.148…, 13.220…)
7.6.2. Table 2.xlsx. Circle/highlight the average telomere length numbers for the 3 PBMC samples. (2.919…, 4.561…, 3.586…)
7.6.3. Table 2.xlsx.


8. Conclusion (said by authors on camera)
8.1. Frank Jenkins: Once mastered, this technique can be done in 12 hours spread out over two and one-half days (two overnight incubations) if it is performed properly.
8.2. Frank Jenkins: While attempting this procedure, it’s important to remember to use at least 3 g of DNA for each sample and to measure each sample in duplicate.
8.3. Frank Jenkins: After its development, this technique paved the way for researchers in the field of aging to explore mechanisms responsible for maintaining telomere length in different animal species including humans.
8.4. Frank Jenkins: After watching this video, you should have a good understanding of how to directly determine the average length of telomeres in cells.
8.5. Frank Jenkins: Don't forget that working with radioactivity can be extremely hazardous and precautions such as wearing gloves and lab coats should always be taken while performing this procedure.   

Provided Media

7.1. 56001fig1large.jpg.
7.2. 56001fig2large.jpg.
7.3. 56001fig3large.jpg
7.4. 56001fig4large.jpg
7.5. 56001fig5large.jpg
7.6. Table 2.xlsx.


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.
 2017, Journal of Visualized Experiments

