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Authors, please fill out the brief questionnaire below.   

A. Will you require assistance with video microscopy, such as filming a complex dissection or microinjection technique (Y/N, please specify steps by number. Also, please list make and model of your microscope)?  ___N_______

B.   Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? ____N_____

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps__Below: 2.6 and the whole of 4.5.and 6 below.___
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? The most difficult aspect of this procedure is to find the right balance between preservation of protein and nuclear structures versus the denaturation step, which allows visualization of DNA.
1. Introduction (Schematic Overview and Interview)

0. Schematic Overview (read by voice talent at JoVE):

0.1. The overall goal of this procedure is to detect chromatin modifications and DNA sequences simultaneously using 3D confocal microscopy.  (Intro).
0.2. First, specific DNA probes are generated (P1 Show last test tube only).
0.3. Meanwhile, the experimental cells are fixed, permeabilized, and immuno-stained for the histone markers of interest (P2- show top row only, move some cells from large dish to middle dish, then have the grey cells in the middle become the green cells on the right).
0.4. The cells are then denatured, and an overnight fluorescence in situ hybridization, or “FISH,” is performed using one or more DNA probes. (P3, the pink oval on the slide comes from the test tube of P1. The coverslip w/green cells from the left vial of P3 comes out of the vial and flips over (if possible?) and is placed face down on the pink oval. Don’t need to show the final image with the rubber cement.). 
0.5. Finally, the cells are washed and mounted for 3D-fluoresence microscopy (P4, the coverslip comes off of the slide (no pink oval anymore), flips over (note, cells look a little different than they did in P3) and goes into the”washes” vial of P4. Then it comes out of the washes vial, flips over so cells don’t show and goes face down onto the upper slide of P4.).
0.6. Analysis of the resulting images reveals nuclear location of loci of interest and association with specific histone modifications (P5).
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1. Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Julie Chaumeil: The main advantage of this technique is that it combines visualization of nuclear proteins, specifically histones, with genomic loci in 3D preserved nuclei, and can help answer key questions in the fields of chromatin, epigenetics, nuclear organization and gene regulation.   

Protocol (read by voice talent at JoVE):

2. DNA probe labeling with fluorophores: Nick translation 

2.1. For this procedure, either plasmids or PCR products can be used for labeling.   These should be prepared as described in the accompanying text and resuspended in water. Note that for a robust FISH signal, the probes should span at least 10 kb (pronounced “kilo base pair”).
2.1.1. Title screen

2.2. Begin this procedure by combining 1 g of DNA and 0.17 µg RNase A in a microcentrifuge tube.   Incubate for 30 minutes at 37˚C. 

2.2.1. MED:  Talent adds DNA and RNaseA to a tube and caps lid
2.2.2. CU:  Talent places a tube in a heat block
2.3. Following the incubation, briefly inactivate the RNase A on ice and add the appropriate amount of nick translation mix. (Text overlay:  For details see Table 2)  Incubate for 2 hours at 16˚C in a refrigerated water-bath or cool-block. (Text overlay: Alternative methods e.g. FISH Tag, may be used)
2.3.1. CU:  Talent places the tube on ice then adds nick translation mix 
2.3.2. MED- Talent places tube in refrigerated water bath or cool block 

2.4. To inactivate the reaction, place the tubes at -80˚C for one hour or -20˚C overnight.

2.4.1. MED:  Talent places tubes in -80 freezer

2.5. Next, determine the probe size on a 2% agarose gel. The smear should be between 100 and 1000 bp, with the majority at approximately 300-500 bp.  Note that the smear of Cy5-probes is not visible. 

2.5.1. MED:  Talent loading gel

2.5.2. LAB MEDIA:  50087_Skok_Samplegel 

2.6. Once the size has been determined, purify the probes by dialysis on 0.025 mm filters in two-liter beakers filled with H20. Gently pipette 200 g of probe onto the center of each floating filter.  Then, incubate for two hours in the dark.

2.6.1. MED:  Talent places filters on two-liter beakers filled with water.

2.6.2. Mis-slated as 2.6.1, take 2: CU: Talent pipettes probe onto the center of each filter

2.6.3. CU/MED:  Talent keeps the beaker in the dark 
2.7. Following the incubation, use a pipette to gently transfer the probe from the filters to a fresh microcentrifuge tube.
2.7.1. CU:  Talent pipettes the probe off the filters into a microcentrifuge tube

2.8. Next, add blocking factors to the probes as follows: 1 µg of Cot-1 DNA, 1 µg of Hybloc DNA and 10 µg of salmon sperm for 1 g of DNA probe and mix. Store the DNA probes at -20˚C.

2.8.1. CU:  Talent adds blocking factors and mixes 
2.8.2. MED:  Talent places the probes in the freezer

3. Probe precipitation/denaturation/pre-annealing 
3.1. On the day of the FISH procedure, the probes are precipitated, and prepared for use. Note that the steps described in this section of the video should be performed in parallel with the steps in the following section.

3.1.1. Title screen

3.2. To precipitate the probes, thaw them and combine them with 0.1 volume of 3M NaAc at pH 5.2 and 2.5 volumes of 100% ethanol.  Incubate for one hour at -80˚C.

3.2.1. CU:  Talent adds NaAc and ethanol to the probes

3.2.2. MED:  Talent places probes in -80 freezer
3.3. After the incubation, spin the probes down at 16,000 x G at 4˚C for 30 minutes.  

3.3.1. MED:  Talent places tubes in a microcentrifuge and closes lid

3.4. Following the spin, discard the supernatant and air-dry the pellets in the dark.  Depending on the amount and color of the probes the pellet may or may not be visible. 
3.4.1. CU:  Talent sets up pellet to air dry

3.4.2. CU:  Talent shows pellet after drying

3.5. Resuspend the pellet in 15 l  of hybridization buffer per test condition and shake using an Eppendorf thermomixer in the dark at 37-45˚C for approximately 20 minutes.

3.5.1. CU: Talent adds hybridization buffer to the tube

3.5.2. MED:  Talent places samples on thermomixer and starts the shaking

3.6. Next, to denature the probes, incubate them for 5 minutes at 75-95˚C.  Then, to pre-anneal probes, incubate them at 37˚C for 30-60 minutes on the thermomixer.    Immediately following the incubation the probes will be applied to cells on coverslips as described in the next section of the video. 
3.6.1. MED:  Talent incubates tubes at 75-95 C on heat block 
3.6.2. CU:  Talent switches to 37 incubation on thermomixer 
4. 3-dimensional DNA FISH 
4.1. Note that for the following steps incubation times should be modified as necessary for the antibodies and cells used.   The steps described in this section of the video should be performed in parallel with the steps in the previous section as described in the accompanying text.

4.1.1. Title screen

4.2. Drop non-adherent cells onto poly-L-lysine coated coverslips in wells of 6-well plates and let them attach for 5 minutes. Then, gently add 2 mL of 2% paraformaldehyde in PBS.  Incubate for 10 minutes at room temperature.  (Text overlay: See accompanying text for details on cell preparation) (Text overlay: 2% PFA in PBS pH7-7.4)

4.2.1. MED:  Talent drops cells onto coverslips in 6-well plates

4.2.2. CU:  Talent adds paraformaldehyde in the wells and covers with lid   

4.3. Following the incubation, rinse each well with PBS 3 times. (Text overlay: Wash X3)   Then, to permeabilize the cells, add 2 mL ice-cold 0.4% Triton-X-100 in PBS and incubate for 5 minutes on ice. 
4.3.1. CU:  Talent washes the wells with PBS
4.3.2. CU:  Talent adds Triton X 100 to the plate on ice and re places lid.
4.4. After aspirating the permeabilization solution, if DNA FISH will be combined with immunofluorescence, proceed as follows:  first pipette 100µl of blocking solution onto parafilm in a humidifed chamber.    Place the coverslip cell-side down onto the blocking solution and incubate for 30 minutes at room temperature.
4.4.1. CU:  Talent pipettes 100µl of blocking solution on parafilm in a humidified chamber, place the coverslip cell-side down onto the drop of blocking solution and puts on lid

4.5. Next, transfer the coverslips to 100µl drops of the primary antibody diluted in blocking solution.  Here, the antibody used recognizes phosphorylated serine-139 of H2AX  or “(-H2AX”. Incubate the slides in a humidified chamber for 1 hour at room temperature. (Text overlay: or primary antibody raised against the protein or the histone modification of interest)
4.5.1. CU:  Talent transfers the coverslips to primary antibody and puts the lid on the humidified chamber

4.6. After the incubation, use forceps to carefully remove the coverslips.  If the coverslips are difficult to pick up, flood with PBS and try again.  Transfer each slide to a well of a 6-well plate containing 2 mL of 0.2% BSA / 0.1% Tween-20 in PBS. 

4.6.1. CU:  Talent removes a coverslip

4.6.2. CU:  Talent attempts to remove another coverslip but it is too difficult, so talent floods with PBS and then picks up the coverslip
4.6.3. CU:  Talent deposits the coverslip into a 6-well plate containing 2 mL of 0.2% BSA / 0.1% Tween-20  in PBS.

4.7. Wash the coverslips in this solution three times for 5 minutes at room temperature with shaking (Text overlay: wash X3). Then incubate cells with the appropriate fluorophore-conjugated secondary antibody, diluted in blocking solution, for one hour at room temperature in a dark and humid chamber on parafilm as before.

4.7.1. CU: Talent places the dish on a shaker 

4.7.2. CU:  Talent places the coverslip cell-side down on parafilm in a humidified chamber and puts on lid  (Film entire procedure with 6 slides- editor use part of this footage here, and part elsewhere)
4.8. Following the incubation, rinse the cells in 0.1% Tween-20 in PBS, three times for 5 minutes as before.  To post-fix the cells, submerge them in 2 mL of 2% paraformaldehyde in PBS for 10 minutes at room temperature in the dark. 
4.8.1. CU:  Talent removes a coverslip and deposits the coverslip into of a 6-well plate containing 2 mL of 0.1% Tween-20 in PBS.

4.8.2. CU:  Talent places slides on shaker (In dark)
4.8.3. MED:  Talent exchanges solutions  o add PFA and puts on lid

4.9. Once the cells have been stained, or if they are not stained, continue DNA FISH by rinsing the coverslips three times in PBS.   (Overlay: wash X3) Then, place the coverslips, cell-side down, onto a 100 µl drop of 0.1 mg/ml RNase on parafilm in a humidified chamber and incubate for one hour at 37˚C.
4.9.1. CU:  Talent rinses coverslips with PBS (Do 3 takes)

4.9.2. USE 4.7.2:  Talent places coverslips cell-side down onto drop of solution on parafilm

4.9.3. MED:  Talent places chamber in incubator (Do 2 takes)

4.10. After the incubation, rinse the coverslips three times in PBS then permeabilize cells in ice-cold 0.7% Triton-X-100 in 0.1 M HCl for 10 minutes on ice. (Text overlay: Rinse 3X)

4.10.1. USE 4.9.1 Talent rinses in PBS 

4.10.2. CU:  Talent permeabilizes in triton X

4.11. After three rinses in PBS, denature the cells in 1.9 M HCl for 30 minutes at room temperature and wash 3 more times in ice-cold PBS.

4.11.1. USE 4.9.1 Talent rinses in PBS

4.11.2. CU:   Talent denatures in 1.9 M HCl

4.11.3. USE 4.9.1 Talent rinses in PBS

4.12. Next, to hybridize cells with the probes, place the coverslips cell-side down onto a 100 µL drop of probe, prepared in the previous section of this video, on a microscope slide.  Seal the slide with rubber cement, and incubate overnight at 37˚C in a dark humidified chamber. 

4.12.1. CU:  Talent places the coverslip onto the probe slide

4.12.2. CU:  Talent seals the slides with rubber cement

4.12.3. Talent places chamber in incubator 
5. 3-dimensional DNA FISH / immuno-FISH 
5.1. The next day, use forceps to carefully remove the rubber cement from the slides.   Then, flood the coverslips with 2x SSC, and use forceps to carefully remove the coverslips with the cells.  Then place them in wells containing washing solution.

5.1.1. CU:  Talent removes rubber cement

5.1.2. CU:  Talent floods slides with 2X SSC are removes slides with cells

5.1.3. CU:  Talent places the slides in washing solution

5.2. Next perform the following washes with shaking in the dark: 2x SSC for 30 minutes at 37˚C, 2x SSC for 30 minutes at room temperature, and 1x SSC for 30 minutes at room temperature. (Text overlay bullet list: -: 2x SSC/30 min/37˚C/dark/shaking, -2x SSC/30 min/ RT/dark/shaking, -1x SSC/30 min/ RT/dark/shaking) (Text overlay at bottom: See accompanying text if denaturing with formamide)

5.2.1. MED:  Talent places slides on a shaker in incubator and starts the shaker (film 30 seconds)

5.3. To mount the slides, place the coverslips, cell-side down, onto a 10-15 µl drop of ProLong Gold mounting medium containing 1.5 mg/ml DAPI. Seal with nail polish. The slides can be stored for months at -20˚C.

5.3.1. CU:  Talent mounts the slides

5.3.2. CU:  Talent seals with nail polish

5.4. Once the slides are ready, collect 3-D images with optical sections separated by 0.3 m.  and analyze as described in the accompanying document.  

5.4.1. MED:  Talent collects images at microscope/computer
6. Combined immunofluorescence and DNA FISH:  Representative Results 
6.1. To determine whether changes in association of the two alleles of the antigen receptor loci are linked with the regulation of the process of V(D)J recombination during lymphocyte development… 
6.1.1. LAB MEDIA: 50087_Skok_Figure1A
6.2. …wild-type and mutant cells deficient in the recombinase protein RAG-1,  were used to examine a locus of interest using a DNA FISH probe generated from a BAC that spans ~200 kb encompassing the genomic region.
6.2.1. LAB MEDIA: 50087_Skok_Figure1A
6.3. Distances between alleles were measured between the center of mass of each BAC signal in 3D image stacks. Dashed circles outline nucleus shapes. The Scale bars shown are 1 m.

6.3.1. LAB MEDIA: 50087_Skok_Figure1A 

6.4. Cumulative frequency distribution curves were then generated to show the entire range of distances between the two alleles measured in the wild-type and mutant cells. The nonparametric two-sample KS test was then used to assess the significance of the differences between the two distributions.
6.4.1. LAB MEDIA: 50087_Skok_Figure1B

6.5. The range of the most robust differences in inter-allelic distances was assessed using a series of two-tail Fisher exact tests, indicate by the blue dots. The most robust P-values, indicted by the higher dots, were found for the distances around 1 m. Thus, the cut-off for close association, or “pairing” of the two alleles was set up at 1 m.  

6.5.1. LAB MEDIA: 50087_Skok_Figure1B

6.6. Cumulative frequency curves, shown here, indicate the range of distances for close association of the two alleles, from 0 to 1.5 m, in the two different biological conditions. 
6.6.1. LAB MEDIA: 50087_Skok_Figure1C

6.7. The significance of pairing of the two alleles was assessed using the two-tail Fisher exact test for a cut-off at 1 m.  This graph shows that, in the mutant condition, the two alleles are not associated with high frequency as in the wild-type. Thus the missing protein, RAG1, is involved in inter-allelic pairing.
6.7.1. LAB MEDIA: 50087_Skok_Figure1C
7. Conclusion (said by authors on camera)
7.1. Julie Chaumeil: After watching this video, you should have a good understanding of how to combine immunofluorescence and DNA FISH.
7.2. Julie Chaumeil: This technique paved the way for researchers by giving insights into the global changes in nuclear architecture, the behavior of specific genomic loci and regions within the nuclear space, and the association of specific nuclear proteins within these regions; and it helped understanding the mechanisms underlying different diseases. 
7.3. Julie Chaumeil: Following this procedure, other methods like genome-wide high throughput techniques such as chromatin immunoprecipitation (ChIP-seq) or chromosome capture conformation coupled with deep sequencing (4C-seq, 5C, Hi-C) can be performed to provide global data on cell populations
Provided Media
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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.

( 2010, Journal of Visualized Experiments


