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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: _____________________________________________
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, 3.7, 3.8, 3.10, 4.2__________________________________
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.) 2.1, use freshly-prepared yeast genomic DNA__
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.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!) 
 
1.1. Thomas A. Kunkel: This method can help answer questions such as how many ribonucleotides are incorporated into nascent leading and lagging strand DNA in the genome. 

1.2. Zhi-Xiong Zhou: The alkaline gel electrophoresis provides a semi-quantitative view of ribonucleotide incorporation in the whole genome and strand-specific Southern blotting allows for greater sensitivity and quantitation at a specific genomic locus. 

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

1.3. Jessica Williams: Though this method can provide quantitative and qualitative information regarding ribonucleotide density in the yeast genome, it can also be applied to other systems such as mammalian genomes.

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

	N.A.

























Protocol: (read by voice talent at JoVE)

2. Alkaline Hydrolysis of genomic DNA 

2.1. To begin this procedure, add 6 L of 1 M potassium hydroxide to each sample of freshly prepared yeast genomic DNA [1-MED] and incubate at 55 °C for 2 hours.  [2-MED-TXT] 

2.1.1. Talent adding KOH to 8 genomic DNA samples.
2.1.2. Talent putting the 8 tubes into a 55 °C incubator.  TEXT: 55 °C; 2 h

2.2. After 2 hours, incubate the samples on ice for 5 minutes. [1-CU]

2.2.1. Tubes being placed on ice.

2.3. Then add to each sample 4 L of 6x alkaline DNA loading buffer. [1-CU]

2.3.1. 6x loading buffer being added to each sample.

2.4. Cast an alkaline gel comprised of 1% agarose, 50 mM NaOH and 1 mM EDTA, pH 8.0, with a comb that allows for 24 L of DNA sample to be loaded per lane. [1-MED]

2.4.1. Talent adding 1x alkaline electrophoresis buffer to the gel apparatus (gel is already cast) and then removing the comb.  

2.5. Spin down the tubes of samples briefly. [1-MED] Load the entire 24 L of each sample into the alkaline agarose gel. [2-CU] Include an appropriate DNA size marker. [3-CU] 

2.5.1. Talent putting tubes (from 2.3) into centrifuge and starting the spin.
2.5.2. One sample being loaded into gel.
2.5.3. Marker being loaded into gel. (after all samples have been loaded)

2.6. Electrophorese at 30 V for 30 minutes, [1-MED] then lower the voltage to 10 V and electrophorese for 18-20 hours. [2-MED]

2.6.1. Talent connecting the gel apparatus to the power supply and then starting the pre-run. 
2.6.2. Talent lowering the voltage to 10 V, and continuing the run.

2.7. On the following day, neutralize the gel: immerse the gel in Neutralization Buffer I [1-MED] and incubate at room temperature with gentle agitation for 45 minutes. [2-MED]  Replace the Neutralization Buffer I with fresh buffer [3-MED] and incubate for another 45 minutes. [4]

2.7.1. Talent pouring Neutralization Buffer I into container that contains the gel.
2.7.2. Talent placing container with gel on a shaker and turning the shaker on.  Please get multiple usable takes; shot will be repeated later.
2.7.3. Talent pouring out buffer and then adding new buffer.
2.7.4. Use shot from 2.7.2.

2.8. To stain the DNA, soak the neutralized gel in 200 mL of water containing a 1 to 10,000 dilution of SYBR Gold stain [1-CU] at room temperature with gentle shaking for 2 hours. [2-MED]

2.8.1. Neutralization Buffer I being poured off and then water with SYBR Gold being added to the container with the gel.
2.8.2. Talent placing container with gel on a shaker and turning the shaker on.  

2.9. Visualize the DNA using a UV trans-illuminator. [1-MED]

2.9.1. Talent approaching a UV trans-illuminator with the gel and placing the gel on it. 


3. Strand-specific Southern blot: Transfer

3.1. The DNA from the alkaline gel will be transferred to a positively charged nylon membrane by capillary action. [1-MED]

3.1.1. Talent cutting the nylon membrane to the appropriate size.

3.2. First soak the alkaline gel at room temperature for 15 minutes in Alkaline Transfer Buffer. [1-MED-TXT]

3.2.1. Talent pouring Alkaline Transfer Buffer into container with gel and setting it aside at RT.  TEXT: room temperature; 15 min

3.3. Next wet the nylon membrane briefly with water, and soak it in Alkaline Transfer Buffer for 5 minutes. [1-CU]

3.3.1. *film as written.

3.4. Set up the transfer platform by inverting three 100-mL glass beakers in a glass baking dish that is slightly larger than the size of the agarose gel. [1-MED] Set a glass plate on top of the glass beakers. [2-MED]

3.4.1. Talent inverting three 100-mL glass beakers in a glass baking dish.
3.4.2. *film as written.

3.5. Drape 2 large pieces of 3 MM CHR chromatography paper over the glass plate. [1-MED]

3.5.1. *film as written.

3.6. Pour Alkaline Transfer Buffer over the chromatography paper and half-fill the glass dish. [1-MED] Smooth out the bubbles using a 5-mL glass pipette. [2-CU]

3.6.1. *film as written.
3.6.2. *film as written.

3.7. Place the agarose gel on top, again smoothing out the bubbles. [1-CU] Surround all edges of the gel with parafilm. [2-CU] Pour a small amount of Alkaline Transfer Buffer onto the gel. [3-MED]

3.7.1. *film as written.
3.7.2. *film as written.
3.7.3. *film as written.

3.8. Place the pre-soaked nylon membrane on top of the gel and smooth out the bubbles. [1-CU]

3.8.1. *film as written.

3.9. Wet 2 pieces of chromatography paper cut to the size of the agarose gel. Place them on top of the membrane, and smooth out any bubbles. [1-MED]

3.9.1. *film as written.

3.10. Place a large stack of paper towels on top of the transfer sandwich and carefully place a glass plate on top of the paper towels. [1-MED] Add a weighted object to the top and let the transfer proceed at room temperature overnight. [2-MED-TXT]

3.10.1. *film as written.
3.10.2. Talent placing a 400-g book on top of the glass plate and then leaves the set-up. TEXT: Room temperature; overnight.

3.11. On the following day, carefully take the transfer stack apart. [1-MED] Soak the membrane at room temperature in Neutralization Buffer II for 15 minutes. [2-CU]

3.11.1. Talent taking the stack apart and placing the membrane into a container.
3.11.2. Neutralization Buffer II being poured into the container to cover the membrane.

3.12. Crosslink the DNA to the charged nylon membrane using a UV crosslinker; use the auto-crosslink setting.  [1-MED]

3.12.1. Talent putting the membrane in the cross-linker and selecting the autocrosslink setting.




4. Strand-specific Southern blot: Hybridization

4.1. Prior to starting the hybridization procedure, prepare the radiolabeled probe as described in the text protocol. [1-MED] 

4.1.1. Talent setting out a previously prepared probe. (use mock probe for filming)

4.2. Roll the wetted membrane into a hybridization tube and add 25 mL of freshly prepared Hybridization buffer. [1-MED] Incubate at 65 °C with rotation in a hybridization oven for 1 to 2 hours. [2-MED-TXT]

4.2.1. Talent rolling membrane (from 3.12) into hybridization tube and then pipetting Hybridization buffer into the tube.
4.2.2. Talent putting hybridization tube into rotator in hybridization oven.  Please get multiple usable takes; shot will be repeated later. TEXT: 65 °C; 1-2 h

4.3. Carefully pour off the solution and add 25 mL of Hybridization buffer plus the probe. [1-CU] Incubate at 65 °C for 16 to 18 hours with rotation. [2-TXT]

4.3.1. *film as written.
4.3.2. Use shot from 4.2.2. TEXT: 65 °C; 16-18 h

4.4. Next pour off the solution into a radioactive waste container. [1-MED] Add Phosphate-SDS Washing Solution I to the hybridization tube [2-CU] and rotate at room temperature for 5 minutes. [3-MED] In this manner, perform 5 washes of 5 minutes each with Phosphate-SDS Washing Solution I. [4-MED] 

4.4.1. Talent pouring the solution from the hybridization tube into a waste container. Please get multiple usable takes; shot will be repeated later.
4.4.2. *film as written.
4.4.3. Talent putting hybridization tube into a rotator at RT.
4.4.4. Talent pouring out solution from the hybridization tube into a waste container and then adds fresh Phosphate-SDS Washing Solution I into the tube.

4.5. After the 5th wash with Phosphate-SDS Washing Solution I, wash the membrane twice with Phosphate-SDS Washing Solution II [1-MED] for 15 minutes each time at 65 °C with rotation. [2-MED]

4.5.1. Talent removes Phosphate-SDS Washing Solution I from tube and adds Phosphate-SDS Washing Solution II to tube.
4.5.2. Talent putting hybridization tube into rotator in hybridization oven.  Please get multiple usable takes; shot will be repeated later.

4.6. Use tweezers to remove the membrane from the hybridization tube and place the membrane in an opened plastic sleeve protector. [1-CU]  Cover and expose to an imaging plate. [2-MED-TXT] 

4.6.1. *film as written.
4.6.2. *film as written. TEXT: exposure times: 4 h - 4 d

4.7. If necessary, strip and re-probe the blot with a different probe. [1-MED] To strip, cover the membrane with 25 mL of a 50% formamide, 2x SSPE solution [2-CU] and incubate at 65 °C for 2 hours. [3]

4.7.1. Talent placing the blot into a hybridization tube.
4.7.2. 50% formamide, 2x SSPE solution being added into the tube.
4.7.3. Use shot from 4.5.2.

4.8. Pour off the solution into a radioactive waste container. [1] Add Phosphate-SDS Washing Solution II to the hybridization tube [2-CU] and rotate at 65 °C for 15 minutes. [3-TXT]  

4.8.1. Use shot from 4.4.1.
4.8.2. *film as written.
4.8.3. Use shot from 4.5.2. TEXT:  Wash 2x

4.9. Check the membrane with a Geiger counter to confirm the absence of signal before performing the pre-hybridization and hybridization as demonstrated earlier. [1-MED]

4.9.1. Talent checking the membrane with a Geiger counter.

5. Results: assessment of ribonucleotide incorporation into DNA  

5.1. These gel images of yeast genomic DNA treated with [1-LM] or without potassium hydroxide [2-LM] show that the cells lacking RNase H2 retain more ribonucleotides in the genome. [3-LM] The M644L variant of Polymerase 2 reduces the ability to incorporate ribonucleotides [4-LM] while the M644G mutant incorporates more ribonucleotides than the Wildtype polymerase. [5-LM]

5.1.1. 58020fig2large.jpg. Emphasize gel image on the right. (Alkaline) 
5.1.2. 58020fig2large.jpg. Emphasize gel image on the left. (Neutral)
5.1.3. 58020fig2large.jpg. Emphasize the 5th, 6th and 7th lanes from the left in the gel image on the right (to show that the bands are fainter than the other 3 lanes with samples)
5.1.4. 58020fig2large.jpg. Emphasize the M644L lane in the gel image on the right (5th lane from left).
5.1.5. 58020fig2large.jpg. Emphasize the M644G lane in the gel image on the right (7th lane from left)

5.2. An alkaline-agarose gel can be further probed by strand-specific Southern blot analysis. In this example, the probes anneal to the nascent leading DNA strand within the URA3 reporter gene that has been inserted close to ARS306 in two opposite orientations. [1-LM] 

5.2.1. Panel A of 58020fig3large.jpg.

5.3. Representative results of Southern blotting using the nascent leading strand-specific probes [1-LM] show a DNA fragmentation pattern caused by alkali-cleavage at ribonucleotides in nascent leading strand DNA in a Wildtype strain [2-LM] and in strains expressing the variants of polymerases [3-LM] [4-LM] and  that are promiscuous for ribonucleotide incorporation. [5-LM]

5.3.1. Panel B of 58020fig3large.jpg.
5.3.2. Panel B of 58020fig3large.jpg. Emphasize lanes 2 and 10.
5.3.3. Panel B of 58020fig3large.jpg. Emphasize lanes 4 and 12. 
5.3.4. Panel B of 58020fig3large.jpg. Emphasize lanes 6 and 14. 
5.3.5. Panel B of 58020fig3large.jpg. Emphasize lanes 8 and 16.

5.4. This graph shows the quantification of the radioactive signal by fraction of the total in each lane from the Southern blot. [1-LM]

5.4.1. Panel C of 58020fig3large.jpg.

6. Conclusion (said by authors on camera)
6.1. Zhi-Xiong Zhou: While attempting this procedure, it’s important to remember to always use freshly isolated DNA from log phase cells. (shot 2.1.1)
6.2. Zhi-Xiong Zhou: Following this procedure, other methods like hydrolytic end sequencing, or HydEn-seq, can be performed in order to answer additional questions like the location of the ribonucleotides in the genome.
6.3. Jessica Williams: After its development, this technique paved the way for researchers in the field of DNA repair to quantify the density and the strand into which ribonucleotides have been incorporated by the replicative DNA polymerases.
6.4. Jessica Williams: Don't forget that working with radioactive materials can be extremely hazardous and precautions should always be taken to avoid contamination of the work bench and equipment while performing this procedure. 
   

Provided Media
5.1. 58020fig2large.jpg.
5.2. Panel A of 58020fig3large.jpg.
5.3. Panel B of 58020fig3large.jpg.
5.4. Panel C of 58020fig3large.jpg.


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.


 2018, Journal of Visualized Experiments

