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A.  Will you require JoVE to record video microscopy through a microsope? N Does your protocol include microscopy steps that are visualized through a microscope with a digital camera/computer attached? (Y/N) Y
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: 3.1, 3.8, 3.10, 4.5, 5.2, 6.4. 

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? The most critical aspect of this procedure is to achieve the optimal surface density of specifically bound single molecules with low number of background spots. This is ensured by inspecting the glass surface in each step.
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 investigate how the looping dynamics of double-stranded DNA are affected by the intrinsic shape of the DNA without the use of DNA binding proteins. (Intro) This is achieved by incorporating dye molecules into double-stranded DNA fragments of different curvatures so that DNA looping can be monitored by Fluorescence Resonance Energy Transfer, or FRET (Pronounce: “fret”). (C1) The reversible looping and unlooping events from the single DNA molecules can then be observed by total internal reflection microscopy. (C2) The looping rate of the DNA can then be extrapolated from the time trajectories of each single-molecule fluorescence. (C3) Ultimately, the looping probability of the DNA in relation to the intrinsic shape of the fragment can be measured. (C4)
From 0123_Kim_Graphic_overview.pptx

(C1) from (C1) graphic, please show graphic then with “incorporating … fragments” please add/highlight red and blue dots at bends in fragments and at end of little blue dotted “DNA” “fragments”
(C2) from (C2) graphic, have vertical DNA fragment appear with “Donor Cy3” and “Acceptor Cy5” labels and arrows; with “reversible … molecules” if possible, have DNA loop and unloop (go from vertical strand on left of [C2] to circular strand on right) OR have circular loop appear on right and add “Kloop” text and animate arrows between strands
(C3) from (C3) graphic, show top graph and then zoom into/highlight magnified section
(C4) figure7n.pdf
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Tung Le: The main advantage of this DNA looping assay is that this technique does not rely on a DNA binding protein that might affect the looping kinetics of the DNA.   

1.2. Harold Kim: IMPROV 
Protocol (read by voice talent at JoVE):
2. Double stranded (ds)DNA sample preparation
2.1. Begin by designing globally curved DNAs by repeating a 10-mer sequence. For example, this representative sequence is a 186-base pair curved DNA where X is a random extra base and the sequences flanking the repeating 10-mer sequence are adapter sequences.
2.1.1. WIDE: Talent working at computer/bench/other appropriate “Talent designing DNA sequence” action 

2.1.2. BLACK TEXT ON WHITE BACKGROUND: 5’-GTGCCAGCAACAGATAGC - (TTTATCATCCTTTATCATCCX)7 -  TTTCATTCGAGCTCGTTGTTG-3’] (Video Editor: Highlight/indicate “X” with “where X … base” and “5’-GTC … ACG” and “TTC … TTG-3’” with “the sequences … adapter sequences”)  
2.2. Next perform PCR with Primers 1 and 2, with FRET donor Cy3-labeling of Primer 2 at the 5' end. 
2.2.1. MED: Few seconds Talent adding sample(s) to thermal cycler (TEXT: See text for primer sequences) 
2.2.2. LAB MEDIA: figure3nB.pdf (Video Editor: please highlight top left DNA with Primers 1 and 2 graphics and text; with “donor … 5’ end” please animate/indicate the Cy3 text and accompanying arrow)
2.3. Then perform PCR with Primers 3 and 4, with FRET acceptor Cy5-labeling through the backbone and the biotin-linker at the 5' end of Primer 3.
2.3.1. LAB MEDIA: figure3nB.pdf (Video Editor: please highlight top right DNA with Primers 3 and 4 graphics and text; with “acceptor … Primer 3” please animate/indicate the Cy5 text and accompanying arrow)
2.4. After purifying the PCR products using a PCR cleanup kit, mix the Cy3-labeled and the Cy5-labeled products in a buffer for strand exchange at final concentrations of 0.4 (M and 0.1 (M, respectively.
2.4.1. CU: Shot of PCR cleanup kit
2.4.2. MED: Few seconds Talent mixing products, with Cy3 and Cy5 DNA containers with labels visible in frame if possible (TEXT: See text for all reagent preparation details) [use Take 2]
2.5. Then incubate the strands at 98.5°C for 2 minutes, gradually cooling to 5°C with a ramp rate of 0.1°C/s, and then incubating at 5°C for 2 hours to exchange the strands.
2.5.1. MED: Talent places tube(s) at 98.5°C
2.5.2. LAB MEDIA: figure3nB.pdf (Video Editor: with “gradually cooling … 0.1°C/s” please highlight the bottom “Cooling” arrow and text and “annealed” DNA strands)
2.5.3. CU: Shot of strands at 5°C
3. Flow cell preparation
3.1. To prepare the flow cell, use a drill press and diamond drill bits to create 6-7 pairs of holes along the two opposite edges of a 3’’ x 1’’ glass slide. When the holes have all been drilled, rub the slide under flowing water to remove any visible glass powder.  
3.1.1. WIDE: Few seconds Talent drilling at least one hole in glass slide [do not show slide break] 
3.1.2. CU: Shot of holes in slide

3.1.3. CU: Few seconds slide being rubbed under flowing water
3.2. Place the slides upright in a glass jar and fill it with distilled water. Sonicate the jar for 15 minutes, and then transfer the slides into a glass jar dedicated for acetone cleaning. 
3.2.1. MED: Talent placing at least one slide into glass jar

3.2.2. CU: Few seconds jar being filled distilled water

3.2.3. MED: Talent placing jar in sonicator

3.2.4. CU: At least one slide being placed into new glass jar
3.3. Fill the jar with acetone and sonicate the slides in acetone for another 15 minutes. 
3.3.1. CU: Few seconds jar being filled with acetone

3.3.2. CU: Few seconds jar sonicating
3.4. Next spray the slides with ethanol and then with water to rinse them, and then transfer the slides to a polypropylene jar. 
3.4.1. MED: Few seconds Talent spraying at least one slide with ethanol

3.4.2. MED: Few seconds Talent rinsing at least one slide with water

3.4.3. MED: Talent placing at least one slide in polypropylene jar
3.5. Fill the polypropylene jar with 5 M potassium hydroxide and then sonicate the slides for 15 more minutes.
3.5.1. CU: Few seconds polypropylene jar being filled with potassium hydroxide
3.5.2. CU: Few seconds slides sonicating

3.6. After the last wash, rinse the slides in distilled water followed by another 15 minute sonication.
3.6.1. CU: Few seconds slides being rinsed in distilled water

3.6.2. MED: Talent placing slide(s) in sonicator
3.7. Then, after cleaning coverslips in the same way, dispense 80 (l of freshly prepared PEG solution onto each slide and then gently lower a coverslip over the PEG. 
3.7.1. CU: Few seconds PEG being dispensed onto one slide [do not use take 1]
3.7.2. CU: Few seconds coverslip being placed over PEG
3.8. After 45 minutes, use tweezers to remove the coverslips from the slides, rinse the slides and the coverslips with copious amount of distilled water, then dry them in a desiccator.
3.8.1. CU: Few seconds tweezers being used to remove coverslip from at least one slide

3.8.2. MED: Few seconds slide and/or coverslip being rinsed with distilled water

3.8.3. MED: Talent placing slide and/or coverslip to air dry, with other drying slides and coverslips visible in frame into desiccator.
3.9. When the cover slips and slides are dry, place a thin strip of double-stick tape across each slide, align a coverslip over the strips and firmly press on the coverslip to form liquid-tight channels.  
3.9.1. MED – over the shoulder: Few seconds Talent adding double-stick tape across at least one slide

3.9.2. CU: Few seconds coverslip being aligned over strip and then being firmly pressed

3.10. Then use 5-minute epoxy to seal the edges of the channels.
3.10.1. CU: Few seconds at least one channel being sealed with epoxy
4. Single-molecule imaging
4.1. To immobilize the molecules for microscopy, first inject 15 (l of NeutrAvidin solution into one channel. After 2 minutes, rinse the channel with 100 (l of T50 buffer and then inject 50 (l of DNA sample into the channel. 
4.1.1. WIDE CU: Few seconds Talent injecting NeutrAvidin solution into one channel
4.1.2. MED: Few seconds channel being rinsed with T50 buffer
4.1.3. CU: Channel being injected with DNA 
4.2. After 5 minutes, rinse away the unbound DNA with 100 (l of T50 buffer and then fill the channel with an imaging buffer that contains the oxygen scavenging system. 
4.2.1. CU: Few seconds channel being rinsed with T50 buffer

4.2.2. CU: Few seconds channel being filled with imaging buffer
4.3. Now place immersion oil onto the microscope objective and then use specimen clips to affix the flow cell to the microscope stage. 
4.3.1. CU: Immersion oil being added onto objective

4.3.2. CU: Few seconds flow cell being affixed with specimen clips

4.4. Turn on the 532 nm laser. Use the live view of the fluorescent images on the monitor to fine-adjust the focus. 
4.4.1. MED: Talent turns on 532 laser

4.4.2. CU: Few seconds of laser pattern reflection being coarse-adjusted

4.4.3. SCREEN: Few seconds live view being fine-adjusted 

4.5. Begin the data acquisition with the 532 nm laser on. 
4.5.1. SCREEN: Few seconds data being acquired

4.5.2. MED – over the shoulder: Talent at microscope/monitor fine-adjusting live image

4.6. Stop the data acquisition when most of the molecules have photobleached. 
4.6.1. SCREEN: Shot of photobleached molecules/image OR CU/SCREEN: Data acquisition being stopped
5. Image processing and data analysis
5.1. To process and analyze the images, use a MATLAB script to look through all the single-molecule time traces that show multiple transitions between the low and high FRET signals.
5.1.1. WIDE: Few seconds Talent using MATLAB script

5.1.2. SCREEN: Few seconds shot of transitions between low and high FRET signals
5.2. Identify the looped and unlooped states and then find the threshold that separates the two distributions by determining the intersection between the two fitted Gaussian curves. 
5.2.1. SCREEN: Few seconds transitions on screen OR figure4nB.pdf 

(Video Editor: with “the looped” please indicate/animate “Looped” text and accompanying arrows; 

with “and unlooped states” please indicate/animate “Unlooped” text and accompanying arrows; 

with “find … curves” please zoom out to magnified are at bottom of image)
5.3. Next calculate the FRET efficiency by dividing the Cy5 intensity by the sum of the Cy3 and Cy5 intensities, assigning the looped states with high FRET values and the unlooped states with low FRET values. 
5.3.1. LAB MEDIA: Equation_step5p3.tif 

(Video Editor: with “the FRET efficiency” please highlight the “E”; 

with “dividing the Cy5 intensity” please highlight the “Ia” at the top of the fraction; 

with “sum … intensities” please highlight the Id + Ia” at the bottom of the fraction) 

5.4. Then, using a MATLAB script, analyze the cumulative number of molecules, or N(t) (Pronounce “N of T”), that looped, that is, that reached the high FRET state, at different time lapses since the start of data acquisition.
5.4.1. LAB MEDIA: 0123_Kim_Figure1.tif 

(Video Editor: with “cumulative number of molecules, N(t)” please highlight the bottom graph; 

with “that reached the high FRET state” please highlight/indicate the middle graph and “looped” text and arrow; 

with “at different … acquisition” please highlight/indicate the “t1”, “t2”, and “t3” texts and accompanying arrows) 

5.5. The looping rate, kloop (Pronounce: “K sub loop”), can then be extracted by fitting the N(t) with an exponential function.
5.5.1. LAB MEDIA: Equation_step5p5.tif (Video Editor: with “Kloop” please highlight/indicate the “Kloop” text in the equation)

5.5.2. LAB MEDIA: 0123_Kim_Figure2.tif (Video Editor: with “fitting (N)t” please highlight the y-axis; with “with … function” please highlight the data curve)

5.6. If N(t) increases biphasically, it can be fitted with a double exponential function, as illustrated in the equation. 
5.6.1. LAB MEDIA: Equation_step5p6one.tif
5.7. In this case, kloop is obtained from this equation.
5.7.1. LAB MEDIA: Equation_step5p6two.tif (Video Editor: with “Kloop” please highlight the “Kloop” text)
6. Determining the J factor
6.1. To determine the J factor, flow 20 (l of 30-50 pM biotin-Cy5 oligo, or Primer 3, into one of the NeutrAvidin-coated channels as just demonstrated. 
6.1.1. WIDE: Few seconds Talent adding oligo into at least one channel

6.2. Next rinse the channel with 100 (l of T50 to wash away unbound oligos and then flow freshly prepared imaging buffer supplemented with Cy3 oligo into the chamber.

6.2.1. MED: Few seconds Talent rinsing channel with T50

6.2.2. CU: Few seconds imaging buffer flowing through chamber
6.3. Keep the 532-nm laser on and then briefly turn the 640 nm laser on to identify the locations of any surface-bound Cy5 oligos. 
6.3.1. CU: Shot of indicator that 532 laser is on OR SCREEN: Shot of indicator that 532 laser is on

6.3.2. CU: Shot of 640 laser being turned on

6.3.3. SCREEN: If possible, shot of location of surface bound Cy5 oligos (Videographer: If not possible, just skip shot)

6.4. Then turn off the 640-nm laser and start monitoring the FRET signal. 
6.4.1. CU: Shot of 640 laser being turned off

6.4.2. SCREEN: Few seconds FRET signal being monitored OR MED – over the shoulder: Few seconds Talent at microscope/monitor monitoring FRET signal

6.5. Use a MATLAB script to analyze the number of molecules that start in the unbound state, that is, with a low Cy5 intensity, but later turn into the annealed state, that is, with a high Cy5 intensity, as a function of time from the Cy5 intensity traces. 
6.5.1. SCREEN: Few seconds MATLAB script being used to analyze molecules in unbound/low Cy5 intensity state

6.5.2. SCREEN: Few seconds MATLAB script being used to analyze molecules in annealed/high Cy5 intensity state
6.6. Plot this number of annealed molecules vs. time, fitting the curve with a single exponential function to obtain the annealing rate kanneal (Pronounce: “K sub anneal”).
6.6.1. MED – over the shoulder: Few seconds Talent at computer, plotting annealed molecules vs time
6.6.2. LAB MEDIA: Equation_step6p5.tif (Video Editor: with “Kanneal” please highlight/indicate the “Kanneal” text of the equation)
6.7. Repeat the experiment at different Cy3 oligo concentrations to confirm the linearity between the annealing rate and the reactant concentration. Extract the first-order annealing rate constant k’anneal (Pronounce: “K prime sub anneal”) from the slope.
6.7.1. MED: Few seconds Talent adding Cy3 to channel (TEXT: e.g., 60, 100 and 180 nM) 
6.7.2. MED: Few seconds Talent at computer/bench performing calculation
6.8. Finally, calculate the J factor, where kloop is the looping rate measured under the same buffer conditions.
6.8.1. LAB MEDIA: Equation_step6p7.tif (Video Editor: with “J factor” please highlight/indicate the “J”; with “Kloop” please highlight the “Kloop” text)
7. Results: Representative looped DNA analysis
7.1. To test the effect of the intrinsic curvature of double stranded DNA on looping, in this experiment one “straight” and one “curved” 186 base pair double-stranded DNAs were each constructed. Compared to straight DNA, curved DNA was determined to produce more high FRET events during the same time period. 

7.1.1. LAB MEDIA: figure6n.pdf (Video Editor: with “Here … curved DNA” please highlight the red graphs on the left side of the figure; with “corresponding FRET trace” please highlight the black graph on the right side of the figure)

7.2. The curved DNA also looped 4-times more frequently than the straight DNA during the same acquisition time, demonstrating that the intrinsic curvature of the DNA can significantly affect the looping dynamics. 
7.2.1. LAB MEDIA: figure7n.pdf (Video Editor: with “Curved … frequently” please highlight/indicate/outline the Curved DNA data bar; with “straight … time” please highlight/indicate/outline the Straight DNA data bar)
7.3. To extract the J factor from the looping rate, the concentration-independent first-order rate constant k’anneal for hybridization must be measured between the two disconnected overhangs. A realization of such measurement is shown in this graph.
7.3.1.  LAB MEDIA: figure8nA.pdf (Video Editor: with “K’anneal” please highlight/indicate the Kanneal text AND/OR animate the accompanying arrows; with “A realization … graph” please highlight the graph)
7.4. Hybridization of the Cy3 oligo to the immobilized Cy5 oligo produces Cy5 intensity bursts due to FRET. From multiple measurements with different Cy3-oligo concentrations, the k’anneal can be extracted in a statistically robust way. 
7.4.1. LAB MEDIA: figure8nB.pdf (Video Editor: with “the K’anneal … way” please highlight/outline/otherwise indicate the data line)
7.5. In this final representative experiment, the J factor was calculated by dividing the looping rate by the first-order annealing rate constant and was determined to be 61 ± 3 nM for the straight DNA and 265 ± 48 nM for the curved DNA in agreement with previous findings.
7.5.1. LAB MEDIA: figure9n.pdf (Video Editor: with “61 ± 3 nM for the straight DNA” please highlight/outline/indicate the S-DNA data bar; with “265 ± 48 nM for the curved DNA” please highlight/outline/indicate the C-DNA data bar)

8. Conclusion (said by authors on camera)
8.1. Tung Le: Following this procedure, the effects of external factors on the looping probability of double-stranded DNA, such as temperature, ionic strength, and viscosity, can be studied. 
8.2. Harold Kim: IMPROV 
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, 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.  

1.A - 0123_Kim_Graphic_overview.pptx – The graphic overview file

2.2, 2.5 - figure3nB.pdf – file requested

5.3 - Equation_step5p3.tif – file requested
5.4 – 0123_Kim_Figure1.tif – a schematic view to explain how to get the cumulative number of looped molecules N(t).
5.5 – 0123_Kim_Figure2.tif – an illustration of the fitting of N(t) using single-exponential function to get the looping rate kloop.

5.5 - Equation_step5p5.tif – file requested

5.6 - Equation_step5p6one.tif – file requested

5.6 - Equation_step5p6two.tif – file requested

6.5 - Equation_step6p5.tif – file requested

6.7 - Equation_step6p7.tif – file requested

7.3 – figure4nB.pdf – file requested

7.4 – figure4nC.pdf – file requested
7.9 – figure8nA.pdf – file requested

7.10 – figure8nB.pdf – file requested
4.4.3 - step_4_4_3.mp4 – movie 

4.5.1 - step_4_5_1.mp4 – movie 
4.6.1 - step_4_6_1.mp4 – movie 
5.1.2 - step_5_1_2.mp4 – movie 
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.
( 2011, Journal of Visualized Experiments


