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A.  Will you require JoVE to record video microscopy through a microscope? N
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? N
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps: 

3.3, 3.6, 3.7, 3.10, 3.11, 3.12

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Dropping metaphases. We use a regulated environmental chamber
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Procedual Narrative:
The overall goal of the following experiment is to quantify genomic instability in mouse B lymphocytes. (Intro) This is achieved by first isolating the B cells for primary cell culture. (P1) Next, the cells are fixed, facilitating the preparation of the metaphase spreads. (P2) Finally, telomere PNA FISH (pronounce P.N.A fish) is performed for visualization of the fluorescently-labeled telomeres. (P3) Ultimately, the level of various types of chromosome aberrations can be quantified by fluorescent microscopy. (P4)

From graphic
(P1) from C1: show spleen in petri dish, then spleen breaks up into little red cells, which move from dish into top of column and then a few cells drip through column into tube
(P2) from C2: show conical tube, then show pipette adding a few drops of blue “fixative” to cells
(P3) from C2: show slide, then show pipette adding blue drops (TEXT: PNA FISH: peptide nucleic acid fluorescence in situ hybridization) making blue “dots” appear on slide, then magnify a section of slide to show blue centromeres, like C3
(P4) show C4 graph
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Sarah Misenko: The implications of this technique extend toward furthering our understanding of cancer DNA repair pathways, as it can help identify the genes that promote genomic stability in targeted mouse models.  

1.2. Samuel Bunting: Though this method can provide insight into chromosome breaks and large chromosomal rearrangements, it can also be adapted to measure other forms of genomic instability, such as translocations.
Protocol (read by voice talent at JoVE):
2. B cell isolation and activation
2.1. To isolate the B cells, begin by placing a freshly isolated spleen in a 35 mm tissue culture dish containing 2 ml of wash buffer in a laminar flow hood. Then use the back end of the plunger from a 5 ml syringe to gently macerate the spleen. 
2.1.1. WIDE: Talent at hood, placing spleen into dish dish with spleen into the hood
2.1.2. CU: Few seconds spleen being macerated with plunger
2.2. Next, filter the tissue slurry through a 70 (m nylon mesh strainer into a 50 ml tube, using the plunger to gently press the bigger pieces of tissue through the strainer.
2.2.1. CU side shot: Few seconds slurry being filtered through strainer

2.2.2. CU above shot: Few seconds tissue being pressed through strainer
2.3. Rinse the plate and syringe with 8 ml of wash buffer and filter the wash through the strainer. Then, after spinning down the cells, pipet the pellet up and down a few times in 3 ml of ACK lysis buffer. 
2.3.1. MED: Few seconds Talent rinsing plate and/or plunger with buffer

2.3.2. MED: Talent pouring buffer through strainer

2.3.3. CU: Shot of pellet if visible (TEXT: 10 min, 300 x g, 4 (C), then few seconds pellet being resuspended in lysis buffer

2.4. After 5 minutes, stop the reaction with 10 ml of wash buffer. Then after spinning down the cells again, tap the bottom of the tube to resuspend the pellet and add 1 ml of wash buffer to the cells. 
2.4.1. CU: Wash buffer being added to tube

2.4.2. MED: Shot of Talent tapping bottom of tube

2.4.3. MED: Talent adding buffer to cells

2.5. Next incubate the cells with 50 (l of anti-CD43 MACS (pronounce anti-CD43 max) micro-beads on ice. After 30 minutes, gently wash the cells in 10 ml of wash buffer.
2.5.1. CU: Shot of cells on ice, then beads being added to tube, with bead container label visible in shot if possible

2.5.2. MED: Few seconds Talent mixing cells/buffer (TEXT: 10 min, 300 x g, 4°C)
2.6. During the centrifugation, place a Mini-MACS column on the magnet and a labeled 15 ml conical tube below the column. Then add 1 ml of wash buffer to the column, collecting the eluate in the tube. 
2.6.1. MED: Talent placing column on magnet

2.6.2. MED: Talent placing tube under column

2.6.3. MED: Talent adding buffer to column

2.6.4. CU: Few drops of eluate being collected in column
2.7. Resuspend the cell pellet in 1 ml of wash buffer and then load the cells onto the column. 
2.7.1. CU: Shot of pellet if visible, then wash buffer being added to tube

2.7.2. CU: Cells being added to column
2.8. After the sample has run through, rinse the column with 1 ml of wash buffer and add 7 ml of wash buffer directly to the collected sample. 
2.8.1. MED: Talent adds wash buffer to column, then adds wash buffer to tube (Videographer: Split action into separate shots as necessary)
2.9. After counting the collected cells, transfer them to a 50 ml tube for centrifugation. 
2.9.1. MED: Talent adding cells to 50 ml tube

2.10. Then, to activate the B cells, resuspend the pellet at 1x106 cells/ml in supplemented B cell medium and incubate the cells in 6-well plates at 5 ml of cells/well in a humidified cell culture incubator at 37(C and 5% CO2. 
2.10.1. CU: Shot of pellet if visible, then medium being added to tube, with medium container label visible in frame if possible (TEXT: See text for all media/reagent preparation details) 
2.10.2. MED – over the shoulder: Talent adding cells to at least one well

2.10.3. MED: Talent placing plate(s) into incubator
3. B Cell Fixation, Metaphase Chromosome Spread Preparation, and Telomere PNA FISH

3.1. To fix the B cells, next add 50 (l of colcemid (pronounced coal-say-med) to each of the wells. After a one hour incubation at 37(C, transfer the B cells to a labeled 15 ml tube. 
3.1.1. WIDE: Talent adding colcemid to at least one well

3.1.2. MED: Talent dispensing B cells into labeled tube, with plate visible in frame if possible
3.2. Cover the label with tape and spin down the cells. Then aspirate all but about 1 ml of supernatant and resuspend the pellet by pipetting. 
3.2.1. MED: Few seconds Talent covering label with tape

3.2.2. CU: Tube(s) being placed into centrifuge (TEXT:10 min, 300 x g, 4°C)

3.2.3. CU: Shot of supernatant and pellet (if visible), then few seconds supernatant being aspirated

3.2.4. CU: Shot of ~1 ml of supernatant in tube, then few seconds pellet being resuspended
3.3. Add 5 ml of 37°C potassium chloride drop by drop while pulsing on a vortex. Then add an additional 10 ml of potassium chloride and mix the cell solution by inversion. 
3.3.1. MED: Talent adding a few drops of KCl to tube while pulsing on a vortex

3.3.2. MED: Talent adds KCl and then mixes tube by inversion (Videographer: Split action into separate shots as necessary)
3.4. Next, incubate the cells in a 37(C water bath for 15 minutes. Then add 5 drops of fresh fixative, mixing once again by inverting. 
3.4.1. MED: Talent places tube into water bath

3.4.2. MED: Talent adds a few drops of fixative and then mixes tube by inversion (Videographer: Split action into separate shots as necessary)
3.5. Then, spin down the cells. After resuspending the pellet in 1 ml of supernatant, add 5 ml of fresh fixative drop by drop while pulsing on a vortex and incubate the cells in an additional 10 ml of fixative at room temperature. 
3.5.1. MED: Talent placing tube(s) into centrifuge (TEXT: 10 min, 300 x g, 4°C)
3.5.2. CU: Shot of 1 ml of supernatant and pellet if visible (TEXT: Aspirate all but 1 ml supe), then few seconds fixative being added to tube during vortexing

3.5.3. MED: Talent places tube(s) at RT

3.6. After 30 minutes, pellet the cell and remove all but 1 ml of the fixative. Then after washing the cells two more times in 15 ml of fixative, resuspend the pellet in the final 70 (l of the supernatant.

3.6.1. CU: Tube(s) being placed in centrifuge (TEXT: 10 min, 300 x g, 4°C)
3.6.2. CU: Few seconds fixative being removed

3.6.3. MED: Talent adding up to 15 ml of fixative to tube (TEXT: 10 min, 300 x g, 4°C, x2)
3.6.4. CU: Shot of 70 (l of fixative in tube (TEXT: Aspirate all but 70 (l supe), then few seconds pellet resuspension
3.7. Now place labeled slides at a 35° angle in a humidity chamber set to 22.9(C and 52% humidity. Drop 35 (l of the resuspended B cells onto each slide, preparing two slides per sample. 
3.7.1. CU: Shot of a few slides at 35°, then at least one slide being placed

3.7.2. CU: Few seconds B cells being dropped onto at least one slide

3.8. Then, after allowing the slides to dry in the humidity chamber for 30 minutes, store the slides in a slide box at 37 (C until fully dry.
3.8.1. MED: Few second Talent transferring slides from humidity chamber to slide box OR MED: Talent removing slides from humidity chamber AND MED: Few seconds Talent placing slides into slide box

3.9. Once dry, use a diamond pen to mark an 18 x 18 mm area for hybridization on the back of each slide.
3.9.1. CU: Hybridization area being drawn on back of at least one slide
3.10. To denature the slides for FISH, next apply 120 (l of 70% deionized formamide to 24 mm x 60 mm coverslips and then touch each slide to a coverslip. 
3.10.1. CU: Formamide being applied to at least one coverslip

3.10.2. CU: At least one slide being covered with a coverslip

3.11. Denature the slides on an 80(C hot plate for 90 seconds and then quickly and carefully slide off the coverslips, and consecutively place the slides in ice cold 70, 90 and 100% ethanol, each for 3 minutes. 
3.11.1. MED: Talent placing at least one slide onto hot plate

3.11.2. CU: Few seconds coverslip being removed from at least one slide

3.11.3. CU: Shot of 3 labeled (70%/90%/100%) ethanol chambers, then slide being transferred from 70% to 90% chamber (or from 90% to 100%)
3.12. After the slides have dried, place the slides in a humid chamber and apply pre-annealed probe mix to the marked areas on the slides. 
3.12.1. MED: Talent placing at least one slide in humid chamber

3.12.2. CU: Probe mix being added to at least one slide

3.13. Cover the probe mix with an 18x18 mm cover slip and incubate the slides at 37(C for 1 hour.
3.13.1. CU: At least one slide being covered with coverslip

3.13.2. MED: Talent placing slides at 37°C 

3.14. Then wash the slides in pre-warmed 2X SSC with shaking. After 5 minutes, apply 35 (l of Mowiol mounting medium to the slides, cover the medium with 24 mm x 60 mm coverslips and store the slides at 4 (C.
3.14.1. CU: Few seconds slides shaking 

3.14.2. CU: Mounting medium being added to at least one slide (TEXT: See text for 18 x 18 mm cover slip removal)

3.14.3. CU: 24 x 60 mm cover slip being placed

3.14.4. MED: Talent placing slides at 4°C
3.15. Finally, analyze the metaphase slides using a standard epi-fluorescence microscope. 
3.15.1. MED: Talent at microscope, looking at slide
4. Results: Chromosome aberrations in mouse B cells as visualized by PNA telomere FISH
4.1. Metaphase chromosomes derived from one mouse cell should form a discrete cluster containing 40 chromosomes. Each chromosome has a centromere at the middle, two telomere signals at the end of the chromatids and two signals by each centromere.

4.1.1. LAB MEDIA: 51806_Bunting_Figure1A.tif 

(Video Editor: if possible, with “Each … one middle” please circle the middle of at least one chromosome; 

with “two … chromatids” please circle/highlight the two red dots at the ends of the same chromosome; 

with ”and two signals … centromere” please circle the middle of the chromosome again)

4.2. Chromatid breaks are breaks in one of the two sister chromatids that make up each metaphase chromosome. 
4.2.1. LAB MEDIA: 51806_Bunting_Figure1B.tif (Video Editor: with “Chromatid breaks” please add/highlight the green arrow)

4.3. In some cases, the broken end of the chromosome can be observed as a fragment with telomere signals in the same metaphase spread.
4.3.1. LAB MEDIA: 51806_Bunting_Figure1C.tif (Video Editor: with “as a fragment … spread” please add/highlight orange arrows)

4.4. Radial chromosomes are complex rearrangements involving two chromosomes. Chromosomes may also become joined to form dicentric chromosomes, which appear as end-to-end fusions of chromosomes with centromeres at both ends. 
4.4.1. LAB MEDIA: 51806_Bunting_Figure1D.tif (Video Editor: with “Radial … two chromosomes” please add/highlight the red arrows; with “dicentric .. both ends” please add/highlight the white arrow)

4.5. Robertsonian translocations are a type of translocation between the centromeres of two chromosomes, which appear as four sister chromatid arms attached to a single centromere.
4.5.1. LAB MEDIA: 51806_Bunting_Figure1E.tif (Video Editor: with “which … centromere” please add/highlight the yellow arrow)

4.6. In this last image, a metaphase that does not have telomere signals present is shown. An absence of telomere signals can occur from errors in the probe preparation or from air bubbles under the coverslip during hybridization. 
4.6.1. LAB MEDIA: 51806_Bunting_Figure1F.tif
5. Conclusion (said by authors on camera)
5.1. Sarah Misenko: Following this procedure, other methods like cell cycle analysis or colony formation, can be performed to answer additional questions, like whether increased genomic instability affects cell viability.
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.  

1A (51806_Bunting_SchemeticOverview.ppt)
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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.
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


