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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)___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: _____________________________________________
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, 2.7, 3.2, 3.5, 4.5, 5.5, 5.6
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.) 3.2, 3.5
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) – 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 analyze DNA polymerase activity on a single nucleotide level. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Aaron: This method can help answer key questions in the DNA polymerase field, such as which specific steps of DNA synthesis are limited by DNA modifications. 
1.2. Aaron: The main advantage of this technique is that you can observe single nucleotide changes, enabling precise observation of polymerase activity.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Eliza: Generally, individuals new to this method will struggle because pouring and manipulating the gels is technically challenging.

Protocol: (read by voice talent at JoVE)

2. DNA Polymerase Activity Assay
2.1. To begin this procedure, first prepare the buffers, DNA duplex mix, and protein dilution as outlined in the text protocol [1-MED/WIDE]. Next, set the temperature of a dry bath to 50 °C [2-MED-over the shoulder]. Add 24 μL of the annealed duplex mix to a vial containing 25 μL of 2x dNTPs [3-MED].
2.1.1. Establishing shot where the talent approaches the lab bench, and begins to mix one of the buffers – for example, the quenching buffer orange (made by combining 950 μL of 95% formamide with 25 μL of 0.5 M EDTA, and 25 μL ultrapure water. Add 1 scoop of orange G dye and mix by vortexing).
2.1.2. Talent sets the temperature of a dry bath to 50 °C.
2.1.3. Talent adds 24 μL of the annealed duplex mix to a vial containing 25 μL of 2x dNTPs.
2.2. After this, transfer 9.8 μL of this mixture to a vial containing 20 μL of quenching buffer orange to prepare the “no enzyme” control [1-MED-over the shoulder]. Then, add 0.8 μL of 50X enzyme to the duplex/dNTP mixture [2-MED]. Use a large volume pipette to thoroughly mix the solution [3-MED-over the shoulder].
2.2.1. Talent uses a micropipette to transfer 9.8 μL of this mixture to a vial containing 20 μL of quenching buffer orange.
2.2.2. Talent uses a micropipette to add 0.8 μL of 50X enzyme to the duplex/dNTP mixture.
2.2.3. Talent mixes the solution with a large volume pipette by pipetting up and down several times.
2.3. Incubate in the dry bath [1-MED]. Quench the reaction by removing 10 μL of each reaction mixture, and then adding it to a microcentrifuge tube containing 20 μL of quenching buffer orange [2-MED-over the shoulder-TXT].
2.3.1. Talent places the sample vials into the dry bath.
2.3.2. Talent removes 10 μL of from one of the reaction mixtures, and adds it to a microcentrifuge tube containing 20 μL of quenching buffer orange. TEXT: Quench the reaction after 5, 15, and 60 min
3. Preparing the Plates
3.1. Prepare the acrylamide mix for gel electrophoresis as outlined in the text protocol [1-MED]. Next, wash two 33 cm by 42 cm gel plates thoroughly with soap and water [2-MED-over the shoulder-TXT]. Dry each plate face with paper towels, and then use delicate task wipers to dry the remaining areas [3-MED].
3.1.1. Shot of the talent pouring the gel for the gel electrophoresis. Alternatively, any step during the preparation or pouring of the gel will suffice.
3.1.2. Talent washes two 33 cm by 42 cm gel plates thoroughly with soap and water. TEXT: One notched plate & one unnotched plate
3.1.3. Talent quickly wipes the face of one plate with a paper towel, and then picks up a delicate task wiper and begins to wipe the plate.
3.2. Rinse the dried plates with 70% ethanol, and wipe each again with task wipers [1-MED-over the shoulder]. After this, run a gloved hand under deionized water and then, using wetted fingers, gently wet some 0.75 mm spacers [2-MED].
3.2.1. Talent rinses the plates with 70% ethanol. The drying with task wipers won’t be shown unless the rinsing can be done very quickly.
3.2.2. Talent runs a gloved hand under deionized water, and then uses their wetted fingers to gently wet some 0.75 mm spacers.
3.3. Place the spacers along the edge of the notched plate [1-MED-over the shoulder-TXT]. Use task wipers to clean up any water that may have splashed on the plates [2-CU/MED].
3.3.1. Talent places the spacers along the edge of the notched plate. TEXT: Make sure the spacers are aligned with the edge
3.3.2. Talent uses task wipers to clean up some water on the plates. Film this as close up to the plate as possible.
3.4. Put the plates together, and then use gel tape to cover the bottom and sides – leaving the top untapped [1-MED-over the shoulder-TXT]. Make sure the tape is aligned evenly and sealed tightly [2-CU].
3.4.1. Talent uses gel tape to cover the bottom and sides of the plate. The plates should already be put together before this shot. TEXT: sandwich For details on connecting the plates, see text protocol
3.4.2. Close up shot of the plate sandwich, showing that the tape is aligned evenly and sealed tightly.
3.5. Using a razor, cut the ends of the tape [1-MED]. Then, add an additional layer of tape to the bottom of the gel [2-MED-over the shoulder].
3.5.1. Talent cuts the ends of the tape with a razor.
3.5.2. Talent adds an additional layer of tape to the bottom of the gel.
4. Pouring the Gel
4.1. After preparing the reagents, acquire a squirt bottle and remove the pointed funnel [1-MED-TXT]. Using a graduated cylinder, add 125 mL of water [2-MED-over the shoulder]. Then, use a permanent marker to mark the level of the water on the outside of the bottle [3-CU/MED].
4.1.1. Talent picks up a squirt bottle and removes the pointed funnel. TEXT: For details on reagent preparation, see text protocol.
4.1.2. Talent uses a graduated cylinder to add 125 mL of water to the squirt bottle.
4.1.3. Talent uses a permanent marker to mark the level of the water on the outside of the bottle. Film this as close up to the bottle as possible.
4.2. Discard the water [1-MED]. Next, set up the cork rings and plate sandwich next to a sink, as outlined in the text protocol [2-MED-over the shoulder]. Place the empty squirt bottle and the prepared APS and TEMED (pronounced “Tem-Ed”) solutions on the other side of the sink [3-MED-TXT].
4.2.1. Talent pours out the water into the sink.
4.2.2. Talent places several cork rings, along with the plate sandwich, on one side of the sink.
4.2.3. Talent places the empty squirt bottle, along with the prepared APS and TEMED solutions, on the other side of the sink. TEXT: APS: Ammonium persulfate solution, TEMED: Tetramethylethylenediamine
4.3. Place a well comb – with the desired number of wells – and four clamps nearby [1-MED-over the shoulder]. Then, add 20% acrylamide gel solution to the squirt bottle, until it is at the marked level [2-MED]. Simultaneously add 120 μL of TEMED and 600 μL of APS to the polyacrylamide gel solution [3-MED-over the shoulder].
4.3.1. Talent places a well comb and four clamps near the sink.
4.3.2. Talent adds 20% acrylamide gel solution to the squirt bottle, until it is at the marked level.
4.3.3. Talent simultaneously adds 120 μL of TEMED and 600 μL of APS to the bottle.
4.4. Quickly add an additional 600 μL of APS [1-MED]. Swiftly cap the squirt bottle, and mix by swirling [2-MED-over the shoulder].
4.4.1. Talent adds an additional 600 μL of APS to the bottle.
4.4.2. Talent caps the bottle, picks it up, and then swirls it.
4.5. Next, place the plate sandwich into the sink [1-MED]. Begin pouring – applying slow by steady pressure to the bottle to ensure the gel solution flows steadily [2-MED-over the shoulder-TXT]. Pour until the gel has reached the notched area, and is slightly overflowing from the notched edge [3-CU/MED].
4.5.1. Talent places the plate sandwich into the sink.
4.5.2. Talent begins to pour the gel solution from the squirt bottle into the plate sandwich. TEXT: Make sure there are no leaks.
4.5.3. Close up shot of the plate sandwich as the gel is poured, preferably as it begins to overflow from the notched edge.
4.6. Tilt the plates to remove any air bubbles [1-MED-over the shoulder]. Then, add the well comb to the plate sandwich [2-MED-over the shoulder]. Place the clamps on the comb such that they press down, allowing for even distribution of the wells [3-MED].
4.6.1. Talent tilts the plates.
4.6.2. Talent adds the well comb to the plate sandwich.
4.6.3. Talent places the clamps on the well comb such that they press down.
4.7. Quickly dispose of any remaining gel solution in the squirt bottle to an appropriate waste container [1-MED-over the shoulder]. Rinse with deionized water three times, through the squirt nozzle, to clean the bottle [2-MED].
4.7.1. Talent disposes of the remaining gel solution in the squirt bottle by pouring it into a waste container.
4.7.2. Talent squeezes the squirt bottle, emptying it of deionized water (the bottle should be filled with deionized water before this shot).
5. Gel Electrophoresis
5.1. To begin, remove all binder clips from the plate sandwich [1-MED]. Using a razor, cut and remove the gel tape from the edges [2-MED-over the shoulder]. Wipe the glass surfaces with paper towels and water to clean off as polymerized gel reside as possible [3-MED].
5.1.1. Talent removes all of the binder clips from the plate sandwich.
5.1.2. Talent uses a razor to cut and remove the gel tape from the edges. Alternatively, if this is too much action for one shot, just film the talent cutting the gel tape with the razor.
5.1.3. Talent uses paper towels to wipe the glass surfaces.
5.2. Use a razor along the edges to scrape off any remaining gel [1-MED-over the shoulder]. Next, push the well comb evenly on both sides to remove it [2-MED]. Using a razor, cut off any excess gel along the top of the plate sandwich [3-MED-over the shoulder].
5.2.1. Talent uses a razor to scrape off any remaining gel from the plates.
5.2.2. Talent pushes evenly on the well comb, removing it.
5.2.3. Talent uses a razor to cut off any excess gel along the top of the plate sandwich.
5.3. Then, slice along the notched edge of the plate [1-MED]. Using a syringe and deionized water, rinse the wells to remove any debris. Make sure that each well can be filled with water, and is not blocked by excess polymerized gel [2-CU] [3-MED].
5.3.1. [bookmark: _GoBack]Talent uses a razor to slice along the notched edge of the plate.
5.3.2. Close up of a syringe rinsing a well (or several, if time permits) with deionized water. Alternatively, film a [MED-over the shoulder] shot of the talent using a syringe and deionized water to clean the wells.
5.3.3. Talent uses a syringe to fill a few wells with water, ensuring that they can be filled.
5.4. Next, place the plate sandwich into the apparatus so that that longer plate is facing outward, while the notched space is facing inward [1-MED-over the shoulder]. Clip the plate sandwich and aluminum plate together, attached to the apparatus [2-MED]. Add additional clips to the outside of the plate, to promote even running [3-MED-over the shoulder].
5.4.1. Talent places the plate sandwich into the apparatus as written – with the longer plate is facing outward and the notched space facing inward.
5.4.2. Talent uses binder clips to clip the plate sandwich and aluminum plate together, attached to the apparatus.
5.4.3. Talent adds additional clips to the outside of the plate.
5.5. Add TBE buffer, using just enough to cover the base notches and the wells at the top [1-MED-TXT]. Run the gel electrophoresis at 50 W for 20 min to warm the plates [2-MED-over the shoulder]. After this, use a syringe and TBE buffer to clean the wells [3-CU/MED].
5.5.1. Talent adds TBE buffer – covering the base notches and the wells at the top. TEXT: TBE: Tris/Borate/EDTA
5.5.2. Talent adjusts the power to 50 W, and then sets a timer to 20 min.
5.5.3. Close up shot of a syringe, filled with TBE buffer, being used to clean a few wells. Alternatively, if this cannot be filmed, film a [MED] shot of the talent using a syringe filled with TBE buffer to clean the wells.
5.6. Repeat the syringe wash several times, to ensure that all remaining buffer salts have been removed from the wells [1-MED-over the shoulder]. Next, set up the outermost lanes – on each side – as outlined in the text protocol [2-MED]. Add 3 μL of 95% formamide, with bromophenol blue, to a single well of the gel [3-MED-over the shoulder].
5.6.1. Talent uses a syringe filled with TBE buffer to clean the wells.
5.6.2. Talent adds 5 μL of 95% formamide with bromophenol blue to the outermost lanes on each side.
5.6.3. Talent adds 3 μL of 95% formamide, with bromophenol blue, to a single well of the gel.
5.7. Load all samples and allow them to settle for 1 min [1-MED-over the shoulder]. After connecting the apparatus and power source, set the power between 50 and 55 W [3-MED-TXT].
5.7.1. Talent loads some of the samples into the gel.
5.7.2. Talent sets the power to somewhere between 50 and 55 W. TEXT: For details on connecting the power, see text protocol.
5.8. Run the gel for approximately 3 h, or until bromophenol blue dye front has run at least two-thirds of the way down the gel [1-CU]. After this, image the gel as outlined in the text protocol [2-MED-over the shoulder].
5.8.1. Close up shot of the gel as it is being run. Preferably, film as the bromophenol blue dye front has run at least two-thirds of the way down the gel.
5.8.2. Shot of the talent loading a portion of the gel into the imager by transferring it to the desired portion of gel to the wet surface of the Li-Cor. Alternatively, if this device is not available or this cannot be filmed, instead film the talent reviewing the images on a computer as a [MED-over the shoulder] shot.
6. Results: DNA Polymerase Activity Assay
6.1. In this study, an assay is developed to characterize the DNA polymerase-mediated synthesis of modified DNA [1-LM].
6.1.1. 56228_Leconte_Figure 1_revision_2.jpg: Show header text above the image saying “Qualitative Characterization of Overall Activity”
6.2. A successful qualitative characterization of overall activity shows individual bands that are well defined and regular [1-LM]. Activity is judged by both the length of the products and the portion of the labeled primer that is converted to larger products [2-LM]. As can be seen, E6 and E5 are the most active enzymes, while E4 and E1 are the least active [3-LM].
6.2.1. 56228_Leconte_Figure 1_revision_2.jpg: Highlight the bands during “…individual bands that are well defined and regular.”
6.2.2. 56228_Leconte_Figure 1_revision_2.jpg: Show an arrow or bracket next to the image the length of the bands (illustrating the measurement of the length of one of the bands) during “….the length of the products and the portion of the labeled primer that is converted to larger products.” Show text near this arrow/bracket saying “Product Length”. Pop/highlight the text for the larger products (24nt and 30nt) during “…the portion of the labeled primer that is converted to larger products.” Show text near this saying “Larger Products Formed”.
6.2.3. 56228_Leconte_Figure 1_revision_2.jpg: Remove any remaining text/highlights/illustrations from 5.2.2. Highlight/pop the data for E6 and E5 during “…E6 and E5 are the most active enzymes…” and highlight/pop the data for E4 and E1 during “…while E4 and E1 are the least active.”
6.3. A quantitative analysis using steady-state kinetics can also be performed using these methods [1-LM]. Because only the n and the n+1 products are synthesized, the singular event can be quantified successfully [2-LM].
6.3.1. 56228_Leconte_Figure 2_revision_2.jpg: Show header text above the image saying “Quantitative Analysis Using Steady-state Kinetics”.
6.3.2. Highlight/pop the text for the n and n+1 products (23nt and 24nt) when mentioned in the voiceover.

7. Conclusion (said by authors on camera)
7.1. Eliza: While attempting this procedure, it’s important to remember to plan ahead.  Many of the steps are time sensitive.
7.2. Aaron: The basic methodology here can also be used to study a number of other DNA or RNA modifying enzymes other than polymerases.


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.
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