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Schematic Overview (read by a voice talent at JoVE)
The overall goal of this procedure is to directly visualize and quantify the activity of DNA-binding proteins in live bacterial cells. (Intro)  This is accomplished by visualizing cells that express a photoactivated fluorescent protein fused to a DNA-binding protein of interest. (P1)  The second step of the procedure is to acquire a movie of individual proteins getting photoactivated while being imaged.  (P2)  Then, the data is analyzed to determine protein localizations and track proteins inside single cells. (P3)  DNA-binding events are identified by a change in the diffusion coefficient of single proteins when they contact chromosomes. (P4)  Ultimately, the results can provide a quantitative measure of protein-DNA interactions at the single-cell level by counting the number of bound and diffusing proteins per cell. (P5)
Video editor:

The lab has provided such an abundance of media in place of a typical schematic overview.  With some light modification, we can use this media and give it a different feel from when we show it later in the results section and so forth.

P1 – JoVE_Uphoff_LabMedia_Fig4A.tif – transmitted light image of cells – sharpen up the image, remove the grey of the background and pan around the cells.

P2 – Using Figure 4 again, look at the top images for panels D, E and F.   String these together as a fade through them on the left side of the screen.  Simultaneously, fade through the bottom images for D, E and F, on the right side of the screen.  ALSO: invert this image so the signal is black on a white background.

P3 – Using Figure 6B, remove the grey background and the bar in upper left.  Start with an oval, about the size of the zig-zag line shape, then overlay the zig-zag lines and add the title “323 proteins tracked in one cell”

P4 – Show Figure 7B, Figure 7E, add a legend as follows: Red – bound, Blue – diffuse (Comment: use Fig 7E instead of Fig 7B because there are more bound tracks in damaged cells which makes the point more visually interesting and clearer)
P5 – Show Figure 7C, Figure 7F, and then fade to figure 7D when the narration says “by counting”. (Comment: use Figs 7F&D instead of Figs 7C&A because there are more bound tracks in damaged cells which makes the point more visually interesting and clearer)
1. Introductory Interview (spoken by you on camera. Don’t forget to smile!)  

1.1. Stephan Uphoff: This method can help answer key questions in the DNA repair field, such as the in vivo repair rates and spatial distribution of repair sites.  Here, I will demonstrate the method by measuring the repair activity of DNA polymerase I in E.coli. 

Protocol Chapters (read by a voice talent at JoVE):

2. Cell Slide Preparation

2.1. First make coverslips with no background fluorescent particles. In a furnace at 500 ºC for an hour, burn a stock supply of coverslips, of thickness number 1.5.  Store them at room temperature in aluminium foil – they are good for weeks to come.
2.1.1. WID: talent unloading coverslips from a furnace
2.1.2. CU: removed coverslip, just after burning
2.1.3. MED: wrapping the coverslips in foil
2.2. Next, concentrate a milliliter of early exponential phase E. coli in a 1.5 ml microcentrifuge tube, of the strain AB1157 polA-PAmCherry (Pronounce: pol-A – P-A-m-Cherry) (TEXT: OD = 0.1).  Centrifuge the cells at 2,300 G for 5 minutes. 
2.2.1. WID: talent arrives to bench/hood with bacteria culture
2.2.2. MED: aliquot of culture added to small tube
2.2.3. MED: tube loaded into centrifuge with balancer tube, cycle started
2.3. Remove the supernatant and resuspend the cell pellet in 20 µl of residual medium and vortex the cells into solution.
2.3.1. CU: side view of tube as supernatant removed, leaving pellet plus a little media
2.3.2. MED: vortexing the tube
2.4. Next, make a 1.5% low-fluorescence agarose solution in distilled water.  Mix 500 µl of the melted agarose with 500 µl of 2x minimal medium by gently pipetting up and down a few times.
2.4.1. WID: taking melted agarose out of microwave and to bench
2.4.2. MED: at bench, adds aliquot of media to tube and adds aliquot of melted agarose to media (Comment: The following steps 2.4.2 – 2.4.3 together with 2.6.1 – 2.6.2 were all combined in a single shoot)
2.4.3. CU: pipetting media/agarose solution to mix it
2.5. For DNA damage experiments using methyl methanesulfonate, or MMS, taking precautions, add 8.3 µl of MMS to the 500 µl of minimal medium before mixing it with the agarose.  (TEXT: 100 mM MMS, final concentration) 
2.5.1. WID: talent wearing gloves handling MMS at hood/bench (Comment: The following steps 2.5.1 – 2.6.2 were all combined in a single shoot. Note that steps 2.6.1-2.6.2 are the same for normal agarose slides and for MMS slides with the difference that the MMS slide is prepared in a hood)
2.5.2. MED: aliquot of MMS taken and added to M9 media, then agarose added to MMS/minimal medium mix
2.6. Before the mixture cools, spread it on a burned coverslip.  Spread it evenly and centered, without making bubbles.  Flatten the pad with a second burned coverslip.  
2.6.1. CU: media/agarose mix applied to a coverslip and spread around
2.6.2. ECU: second coverslip added to flatten the media, no bubbles made, show view to reinforce this notion
2.7. Once cooled, remove the top cover from the pad and add a microliter of concentrated cell suspension.  Immobilize the cells by covering the pad with a new burned coverslip and pressing down very gently. 
2.7.1. CU: removing top cover slip, exposing the smooth agarose/media pad
2.7.2. MED: adding aliquot of cells to pad
2.7.3. ECU: adding second, clean coverslip over bacteria on pad
2.8. The cells should be imaged within 45 minutes, before they desiccate. To extend this time, the pad can be sealed inside a silicon gasket.
2.8.1. CU: assembling a gasket into the pad with agarose and bacteria
2.8.2. ECU: completed assembly with gasket
2.9. For DNA-damage experiments, before imaging the cells, incubate them on the pad for 20 minutes, in a humidified container at room temperature.
2.9.1. MED: loading a pad into a humidified chamber, at RT
2.9.2. WID: talent starts a timer and walks away
3. Preparing Microscopy Data Acquisition
3.1. The microscope features a 405 nm photoactivation laser and a 561 nm excitation laser. Single-molecule sensitivity is reached by exciting only fluorophores within a thin section above the coverslip surface using highly inclined illumination. The fluorescence emission is recorded on an electron multiplying CCD camera. 
3.1.1. LAB MEDIA: JoVE_Uphoff_movie1.avi – time lapse movie of setup building and alignment
3.1.2. LAB MEDIA: JoVE_Uphoff_LabMedia_Fig3.tif – microscope schematic
3.2. Place the sample on the microscope stage and bring the cells into focus under transmitted light illumination. 
3.2.1. MED: placing sample on the stage of microscope and peering into oculars to focus  (Comment: This microscope does not have oculars; instead the following screenCaptureMovie shows bringing cells into focus)
3.2.2. LAB MEDIA: JoVE_Uphoff_LabMedia_Fig4A.tif – transmitted light image of cells
3.2.2 ScreenCaptureMovie_3.2.2_FocusingOnCells.avi (Comment: use this screen capture movie instead of the static lab media image).
3.3. Define a cropped field of view to reduce data size and increase the camera read-out speed.
3.3.1. MED: talent begins fiddling with computer control of camera
3.3.2. ScreenCaptureMovie_3.3.2_DefiningFieldOfView.avi
3.4. Cover the sample from ambient light and switch on the electron multiplying CCD camera gain for single fluorophore detection.
3.4.1. CU: shielding sample from light, surrounding sample on stage with walls  closing the microscope cover box
3.4.2. ScreenCaptureMovie_3.4.2_EMCCDGain.avi
3.5. Set the frame rate to 15.26 milliseconds per frame; this includes the 0.26 millisecond camera readout time. 
3.5.1. MED: talent making changes to software control of camera
3.5.2. ScreenCaptureMovie_3.5.2_SetExposureTime.avi
3.6. Stephan Uphoff:  Exposure times need to be sufficiently short to observe sharp fluorescent spots with little motion blurring. On the other hand, the tracks must be sampled at sufficiently long time intervals to clearly distinguish bound from diffusing molecules.
3.6.1. MED/WID: interview shot of Stephan at bench
3.7. Now, display the camera data to check the dark background signal.
3.7.1. LAB MEDIA: JoVE_Uphoff_LabMedia_Fig4B.tif – still image of background
3.8. Switch on the 561-nanometer laser and check the excitation background signal.
3.8.1. LAB MEDIA: JoVE_Uphoff_LabMedia_Fig4C.tif – still image of excitation background
3.9. Switch on the 405-nanometer laser for photoactivation of the Pol1-PAmCherry fusion proteins and increase the intensity until fluorescence spots of single molecules appear.
3.9.1. LAB MEDIA: JoVE_Uphoff_LabMedia_Fig4F.tif – still image of fluorescent spots
3.9.1. ScreenCaptureMovie_3.9.1_Photoactivation.avi (Comment: Instead of the static lab media image, please use the screenCaptureMovie that shows several pulses of photoactivation)
3.10. Now, adjust the angle of the excitation beam to illuminate only a thin section of the sample close to the coverslip surface.
3.10.1. CU: adjusting angle of beam (Comment: video of Stephan adjusting the lens)
3.10.2. ECU: changing illumination on coverslip with change in angle of beam (Comment: video of the beam traveling through the microscope slide)
3.11. Stephan Uphoff: This method relies on the detection and precise localization of single fluorescent proteins. The sensitivity and optimal alignment of the microscope are critical for the data quality.
3.11.1. MED/WID: interview shot of Stephan at bench
3.12. To this end, focus the laser beam into the back focal plane of a 100x NA 1.4 objective.
3.12.1. ECU: adjusting focus of laser to the objective?  Show the manual adjustment being made, which is probably not going to show the laser  Instead of this, the video shows Stephan adjusting the focusing lens in the direction of the beam.
3.12.2. Video of the beam changing its size as the focusing lens is adjusted
3.12.3. LAB MEDIA: JoVE_Uphoff_LabMedia_Fig3Zoom.tif – schematic of optics, just use slide/objective region showing the green bar passing through the slide
Video editor: overlay the lab media for this shot over the footage.
3.13. Translating the focusing lens perpendicular to the beam moves the focus away from the center of the objective, causing the beam to exit the objective under an angle. 

3.13.1. MED: light table set up with laser on, talent “translates” the focusing lens, 
3.13.2. CU: translating the focusing lens
3.13.1. Video of the beam angle (position on the ceiling) changing as the focusing lens translated.
3.14. Aim for the beam to maximize the fluorescence intensity and minimize the background. 
3.14.1. ECU: beam path, after the objective being adjusted (comment: these shoots were accidentally labelled as 4.1.1A and 4.1.1B at the beginning of the videos. The two videos A and B show the beam path from two different angles and could be combined to give one full view).
3.14.2.  ScreenCaptureMovie_3.14.2_AdjustBacteriaIntensity.avi (Comment: video of bacteria gaining fluorescent intensity and losing background as beam angle is continuously increased)
4. Acquiring Photo-activated Light Localization Microscopy (PALM) Movies (Comment: Important! PALM stands for Photo-activated Localization Microscopy, not Light Microscopy).
4.1. Find a new field of view of cells in transmitted light microscopy mode and focus the image. Take a camera snapshot to record the cell outlines.
4.1.1. WID: talent looking through the microscope Stephan sitting at computer for microscope control and using the joystick to seek a bacterial view of interest. (Comment: this video was labelled “Correct 4.1.1.” to avoid confusion with the erroneously labelled videos 4.1.1A and 4.1.1B that should have been labelled 3.14.1A&B)
4.1.2. ScreenCaptureMovie_4.1.2_TakingPhotoOfBacteria.avi (Comment: this video is not very interesting and could be omitted because transmitted light images of bacteria and focusing were shown before in step 3.2.2)
4.2. Switch on the 561 nm laser and bleach the cellular autofluorescence and background spots on the coverslip for a few seconds before starting data acquisition.
4.2.1. CU: flicking on the 561 nm laser
4.2.2. MED: talent retracts arm from turning on laser, pauses, and turns attention to software to start the movie collection
4.3. Start the acquisition of a PALM movie under continuous 561-nm excitation.
4.3.1. ScreenCaptureMovie_4.3.1_CollectionOfPALMMovie.avi (Comment: this screen capture video should be shortened to fit the narrative and not to bore the viewer).
4.4. Switch on the 405-nanometer laser and gradually increase the intensity over the course of the movie, reaching up to 1 Watt per square centimeter.  Avoid higher 405 nm intensities that cause cellular autofluorescence.
4.4.1. CU: switching on the 405 nm laser (Comment: Stephan turns the first filter wheel to switch on the laser, then turns the second filter wheel to adjust the intensity).
4.4.2. SCREEN CAPTURE MOVIE: adjusting the laser’s intensity up to 1 W / cm2  (Comment: the laser intensity is measured in W not as power density (W/cm^2); we calculate the power density from the intensity using the illumination area. Our software therefore does not directly show what the narrative says, so I deleted this screen capture movie which would be confusing. Instead the video 4.1.1 shows the adjustment of the filter wheel to set the intensity.)
4.4.3. LAB MEDIA: JoVE_Uphoff_LabMedia_Fig4D.tif – still image of low density fluorescent spots

4.5. Pay attention to the density of fluorescent molecules …
4.5.1. LAB MEDIA: JoVE_Uphoff_LabMedia_Fig4E.tif – still image of medium density fluorescent spots

4.6. … it is important to keep activation rates low such that the fluorescent spots are clearly isolated in each frame.
4.6.1. LAB MEDIA: JoVE_Uphoff_LabMedia_Fig4F.tif – still image of high density fluorescent spots
4.7. Record about ten thousand frames per movie, which, with a cropped field of view, typically takes up to three minutes and up to a gigabyte of hard disk space.  Note that once a field of view has been imaged, the PAmCherry fluorophores are irreversibly bleached and cannot be observed again.

4.7.1. LAB MEDIA: LAbMedia_4.7.1_PALMmovie.tiff raw 3 min movie file with 10,000 frames of data. (Comment: I am not sure why a whole raw movie was requested, but I guess you will select a subset of frames showing photoactivation and diffusion of molecules?).
5. PALM Movie Analysis
5.1. The following procedure uses custom software in MATLAB. 
5.1.1. WID: experimental set up, talent at computer, beginning movie analysis
5.2. Automated analysis is used to determine the molecule localizations.  Single fluorophores appear as point spread functions, or PSFs, in the movie. PSFs are first identified in a band-pass filtered image using a Gaussian kernel with 7 pixels diameter.
5.2.1. MED: talent working with still images, applying the band pass filter  Stephan running the localization analysis. (Comment: still images and band-pass filtering are not manually performed in the data analysis pipeline. The video was changed to show the automated execution of the localization analysis to avoid the impression that this analysis had to be performed manually for each frame. The following lab media show the still images to illustrate the filtering and detection steps in the algorithm).
5.2.2. LAB MEDIA: JoVE_Uphoff_LabMedia_Fig5A1.tif - still image of fluorescent spots for detection
5.2.3. LAB MEDIA: JoVE_Uphoff_LabMedia_Fig5A2.tif - still image of fluorescent spots for detection, with filter
5.3. Candidate positions correspond to PSFs with peak pixel intensities 4.5 times above the standard deviation of the background.

5.3.1. LAB MEDIA: JoVE_Uphoff_LabMedia_Fig5B2.tif - still image of fluorescent spots with suitable detection threshold

5.4. The locally brightest pixel per candidate PSF serves as an initial guess for fitting an elliptical Gaussian function.  The free fit parameters are: x-position, y-position, x-width, y-width, rotation angle, amplitude, and background offset. The elliptical Gaussian mask accounts for molecule movement during the exposure time, which blurs and deforms the PSF.

5.4.1. LAB MEDIA: JoVE_Uphoff_LabMedia_Fig5C1.tif - still filtered image initial guess
5.4.2. LAB MEDIA: JoVE_Uphoff_LabMedia_Fig5C2.tif – still raw image fitting
5.4.3. LAB MEDIA: JoVE_Uphoff_LabMedia_Fig5C3.tif – still raw image final localization

Video editor: fade between these three images, evenly, to cover he narrrative

5.5. Plot the resulting x-y localizations from all the frames of the PALM movie onto the transmitted light microscopy image of the same field of view.  Localizations of Pol1-PAmCherry should appear within the central area of E.coli cells.
5.5.1. MED: talent using software to plot the PALM movie frames into single FoV

5.5.2. LAB MEDIA: JoVE_Uphoff_LabMedia_Fig6A.tif – localization plot
5.6. Automated tracking measures the protein’s movement, but successful choice of a tracking window is crucial. (TEXT: See discussion for details.)

5.6.1. MED: talent at computer, setting the tracking window

5.6.2. CU: talent pointing out something on screen pertinent to the tracking window choice
5.7. First, run the tracking algorithm for a range of tracking window parameters. Plot the number of measured tracks per cell versus the tracking window to identify the smallest possible tracking window that does not split tracks.  
5.7.1. ScreenCaptureMovie_5.7.1_TrackingAlgorithm.avi performing the tracking algorithm for one tracking windows

5.7.2. LAB MEDIA: JoVE_Uphoff_LabMedia_Fig6B.tif – tracking window
5.8. Display the resulting tracks on the transmitted light microscopy image of the same field of view to visualize the spatial distribution of molecule movement within cells. Pol1 tracks should display diffusion confined within single cells.
5.8.1. LAB MEDIA: JoVE_Uphoff_LabMedia_Fig6D.tif – multiple tracks plot
5.9. If a fraction of tracks appears to cross between cells this suggests that separate molecules were erroneously linked because the tracking window was chosen too large and/or the photoactivation rate was too high.

5.9.1. LAB MEDIA: JoVE_Uphoff_LabMedia_Fig6E.tif – tracks crossing cells with too large tracking window
5.10. Plot the cumulative distribution of the step lengths between consecutive localizations. The curve rises and saturates smoothly for sufficiently large tracking windows but shows a cut-off edge if the window was chosen too small.
5.10.1. LAB MEDIA: JoVE_Uphoff_LabMedia_Fig6F.tif – cumulative distribution plot
5.11. Once a suitable tracking window has been chosen, the diffusion characteristics of Pol1 can be analyzed. 
5.11.1. MED: talent at computer, working up the computation of the diffusion characteristics. Stephan writing the matlab code for the MSD calculation
5.12. Compute the mean-squared displacement, or MSD, between consecutive localizations for each track with a total of N steps.

5.12.1. TEXT: MSD = 1/(N-1) ∑ i = 1 N-1  (xi+1 – xi)2 + (yi+1 – yi)2
Video editor: just an equation over white background – same for upcoming steps with equations.
5.13. Only use tracks with at least 4 steps, which have at least five localizations, to reduce the statistical uncertainty of the MSD.

5.13.1. ScreenCaptureVideo_5.13_MSDSelectData.avi (Comment: a movie of selecting data and running MSD analysis. This relatively long movie could span the following lines of narrative as well. But there is some overlap at the end of the screen capture movie with the lab media images 5.16.1 and 5.19.1, so the end of this ScreenCaptureVideo could be omitted to avoid repetition)
5.14. Next, calculate the apparent diffusion coefficient per track from the MSD. The second term corrects for the estimated localization error.

5.14.1. TEXT: D* = MSD/(4 Δt) – σloc2/Δt
5.15. These are the values for the second term, in this example.

5.15.1. TEXT: D* = MSD/(4 Δt) – σloc2/Δt
5.15.2. TEXT: σloc = 40 nm, Δt = 15.26 ms
5.16. Now, plot a histogram of the measured diffusion coefficient values from all tracks in the field of view for Pol1 in undamaged cells… 
5.16.1. LAB MEDIA: JoVE_Uphoff_LabMedia_Fig7A.tif – Diffusion coefficient histogram undamaged cells 
5.17. … and for Pol1 in cells under DNA-damage treatment with MMS.

5.17.1. LAB MEDIA: JoVE_Uphoff_LabMedia_Fig7D.tif – Diffusion coefficient histogram with MMS

5.18. The red bars identify the population of individual Pol1 molecules that appear bound to the chromosome, and diffuse at less than 0.15 square microns per second.  Whereas, freely diffusing molecules move around 0.9 square microns per second.

5.18.1. LAB MEDIA: JoVE_Uphoff_LabMedia_Fig7A.tif – Diffusion coefficient histogram undamaged cells  LAB MEDIA: JoVE_Uphoff_LabMedia_Fig7D.tif – Diffusion coefficient histogram damaged cells (Comment: Better to show the damaged cells histogram here because there is a significant population of bound molecules)
5.19. After the bound Pol1 molecules have been identified, the positions of binding sites can be visualized in undamaged cells…
5.19.1. LAB MEDIA: JoVE_Uphoff_LabMedia_Fig7B.tif – bound and diffusing molecules in undamaged cells 
5.20. …and in cells with MMS damage. The fraction of bound tracks relative to the total number of observed tracks provides a direct quantitative measure of the DNA repair activity of Pol1 in vivo.

5.20.1. LAB MEDIA: JoVE_Uphoff_LabMedia_Fig7E.tif – bound and diffusing molecules in damaged cells  

6. Pol1-DNA Binding in Single Bacterial Cells
6.1. Photoactivation of Pol1-PAmCherry fusion proteins was carried out in live E. coli cells.
6.1.1. LAB MEDIA: JoVE_Uphoff_LabMedia_Fig2A.tif – still image of cells 
6.2. Phototactivation could be limited to a single PAmCherry fluorophore in one cell. 

6.2.1. LAB MEDIA: JoVE_Uphoff_LabMedia_Fig2B.tif – still image of single activated molecule
6.3. Higher photoactivation rates revealed more fluorescent molecules. 
6.3.1. LAB MEDIA: JoVE_Uphoff_LabMedia_Fig2C.tif – still image of more activated molecules
6.4. Localization analysis was performed for each frame of a PALM movie.  Precision was measured using immobile molecules in fixed cells or bound molecules in live cells and found to be 40 nm, in agreement with the theoretical prediction.
6.4.1. LAB MEDIA: JoVE_Uphoff_LabMedia_Fig5B2.tif – still image of fluorescent spots with suitable detection threshold

6.5. Next the localization threshold was set.  When it was too low, random peaks in the background noise got erroneously selected as candidate positions.

6.5.1. LAB MEDIA: JoVE_Uphoff_LabMedia_Fig5B1.tif - still image of fluorescent spots with too low detection threshold
6.6. Whereas, if the threshold was too high, some spots were missed. 

6.6.1. LAB MEDIA: JoVE_Uphoff_LabMedia_Fig5B3.tif - still image of fluorescent spots with too high detection threshold 
6.7. The resulting Pol1 localizations occupied the central area of the cell, broadly recapitulating the spatial organization of the E.coli nucleoid.
6.7.1. LAB MEDIA: JoVE_Uphoff_LabMedia_Fig6A.tif – localizations plot

6.8. The majority of Pol1 tracks in undamaged cells displayed diffusion.

6.8.1. LAB MEDIA: JoVE_Uphoff_LabMedia_Fig6C.tif – single track plot

6.9. A typical cell contained several hundred Pol1 tracks, consistent with the copy number of approximately 400 Pol1 molecules per E. coli cell.
6.9.1. LAB MEDIA: JoVE_Uphoff_LabMedia_Fig8.tif – copy number distribution 

6.10. Different types of molecular motion can be identified by calculating MSD values over a range of lag times. Directed motion gives a parabolic curve.  Brownian motion is characterized by a straight line. A confined diffusion curve reaches a plateau, and an offset of the MSD curve for immobile particles represents the localization uncertainty.

6.10.1. LAB MEDIA: JoVE_Uphoff_LabMedia_Fig6H.tif – MSD curve schematics

6.11. The resulting MSD curve for Pol1 rose linearly for short lag times, indicative of Brownian motion, and saturated at longer lag times due to cell confinement.

6.11.1. LAB MEDIA: JoVE_Uphoff_LabMedia_Fig6G.tif – MSD curve Pol1
6.12. Using these methods, DNA-repair activity of Pol1 was measured in response to exogenous DNA alkylation damage. 

6.12.1. LAB MEDIA: JoVE_Uphoff_LabMedia_Fig7C.tif – tracks of diffusing and bound molecules in single undamaged cell (Comment: This is for undamaged cell while the narrative talks about DNA damage. This might be confusing. I suggest moving this image to the next step in the narrative that talks about undamaged cells)
6.13. In undamaged cells, the diffusion coefficient histogram of Pol1 shows a dominant population of diffusing molecules. The few bound molecules could be involved in replication and repair of endogenous DNA damage.

6.13.1. LAB MEDIA: JoVE_Uphoff_LabMedia_Fig7C.tif – tracks of diffusing and bound molecules in single undamaged cell

6.13.2. LAB MEDIA: JoVE_Uphoff_LabMedia_Fig7A.tif - Diffusion coefficient histrogram undamaged cells

6.14. Under continuous 100 mM MMS damage, the frequency of tracks with near zero diffusion coefficients increases significantly.  This supports the model that more Pol1 molecules must be involved in DNA repair with mutagen present.

6.14.1. LAB MEDIA: JoVE_Uphoff_LabMedia_Fig7F.tif – tracks of diffusing and bound molecules in single cell with MMS

6.14.2. LAB MEDIA: JoVE_Uphoff_LabMedia_Fig7D.tif – Diffusion coefficient histogram with MMS
Video editor: show 7F first, briefly, then spend more time on 7D
7. Conclusion Interview (spoken by you on camera)

7.1. Stephan Uphoff: Following this procedure, other data analysis methods like localization clustering can be performed in order to quantify the spatial distribution of proteins in the cell and to investigate the presence of larger protein complexes involved in DNA repair.

List of Provided Media Filenames and Descriptions (fill this in)

(Comment: There were several mistakes in the numbering of the steps in the following paragraph that have been corrected now)
3.1.1  - JoVE_Uphoff_movie1.avi – time lapse movie of setup building and alignment

3.1.2. -  JoVE_Uphoff_LabMedia_Fig3.tif – microscope schematic

3.2.1 - JoVE_Uphoff_LabMedia_Fig4A.tif – transmitted light image of cells

3.2.2 - ScreenCaptureMovie_3.2.2_FocusingOnCells.avi

3.3.2 - ScreenCaptureMovie_3.3.2_DefiningFieldOfView.avi

3.4.2 - ScreenCaptureMovie_3.4.2_EMCCDGain.avi

3.5.2 - ScreenCaptureMovie_3.5.2_SetExposureTime
3.7.1 - JoVE_Uphoff_LabMedia_Fig4B.tif - still image of background

3.8.1 - JoVE_Uphoff_LabMedia_Fig4C.tif - still image of excitation background
3.9.1 - JoVE_Uphoff_LabMedia_Fig4F.tif – still image of fluorescent spots
3.9.1 - ScreenCaptureMovie_3.9.1_Photoactivation.avi
3.12.1 - JoVE_Uphoff_LabMedia_Fig3Zoom.tif  - schematic of optics

3.14.2 - ScreenCaptureMovie_3.14.2_AdjustBacteriaIntensity.avi

4.1.2 - ScreenCaptureMovie_4.1.2_TakingPhotoOfBacteria.avi

4.4.1 - JoVE_Uphoff_LabMedia_Fig4D.tif – still image of low density fluorescent spots
4.3.1 - ScreenCaptureMovie_4.3.1_CollectionOfPALMMovie.avi

4.5.1 - JoVE_Uphoff_LabMedia_Fig4E.tif – still image of medium density fluorescent spots
4.6.1 - JoVE_Uphoff_LabMedia_Fig4F.tif – still image of high density fluorescent spots
5.2.1 - JoVE_Uphoff_Video_Fig5A1.tif – still image of fluorescent spots for detection

5.2.2 - JoVE_Uphoff_Video_Fig5A2.tif – still image of fluorescent spots for detection, with filter

5.3.1 - JoVE_Uphoff_LabMedia_Fig5B2.tif – still image of fluorescent spots with suitable detection threshold

5.4.1 - JoVE_Uphoff_LabMedia_Fig5C1.tif – still filtered image initial guess

5.4.2 - JoVE_Uphoff_LabMedia_Fig5C2.tif – still raw image fitting

5.4.3 - JoVE_Uphoff_LabMedia_Fig5C3.tif – still raw image final localization

5.5.1 – JoVE_Uphoff_LabMedia_Fig6A .tif - localization plot

5.7.1 - ScreenCaptureMovie_5.7.1_TrackingAlgorithm.avi
5.7.2 – JoVE_Uphoff_LabMedia_Fig6B.tif - tracking window

5.8.1 – JoVE_Uphoff_LabMedia_Fig6D.tif - multiple tracks plot

5.9.1 - JoVE_Uphoff_LabMedia_Fig6E.tif - tracks crossing cells with too large tracking window
5.10.1 – JoVE_Uphoff_LabMedia_Fig6F.tif - cumulative distribution plot

5.13.1 – ScreenCaptureVideo_5.13_MSDSelectData.avi
5.16.1 – JoVE_Uphoff_LabMedia_Fig7A.tif - Diffusion coefficient histogram undamaged cells
5.17.1 – JoVE_Uphoff_LabMedia_Fig7D.tif – Diffusion coefficient histogram with MMS
5.18.1 – LAB MEDIA: JoVE_Uphoff_LabMedia_Fig7D.tif
5.19.1 - JoVE_Uphoff_LabMedia_Fig7B.tif - bound and diffusing molecules in undamaged cells
5.20.1 JoVE_Uphoff_LabMedia_Fig7E.tif - bound and diffusing molecules in damaged cells
6.1.1 – JoVE_Uphoff_LabMedia_Fig2A.tif - still image of cells

6.2.1 - JoVE_Uphoff_LabMedia_Fig2B.tif – still image of single activated molecule

6.3.1 - JoVE_Uphoff_LabMedia_Fig2C.tif – still image of more activated molecules

6.4.1 - JoVE_Uphoff_LabMedia_Fig5B2.tif – still image of fluorescent spots with suitable detection threshold

6.5.1 - JoVE_Uphoff_LabMedia_Fig5B1.tif – still image of fluorescent spots with too low detection threshold

6.6.1 - JoVE_Uphoff_LabMedia_Fig5B3.tif – still image of fluorescent spots with too high detection threshold

6.7.1 - JoVE_Uphoff_LabMedia_Fig6A .tif - localization plot

6.8.1 - JoVE_Uphoff_LabMedia_Fig6C.tif - single track plot

6.9.1 – JoVE_Uphoff_LabMedia_Fig8.tif - copy number distribution

6.10.1 – JoVE_Uphoff_LabMedia_Fig6H.tif - MSD curve schematics

6.11.1 – JoVE_Uphoff_LabMedia_Fig6G.tif -  MSD curve Pol1

6.12.1 - JoVE_Uphoff_LabMedia_Fig7C.tif - tracks of diffusing and bound molecules in single undamaged cell 
6.13.1 - JoVE_Uphoff_LabMedia_Fig7A.tif - Diffusion coefficient histogram undamaged cells
6.14.1 - JoVE_Uphoff_LabMedia_Fig7F.tif - tracks of diffusing and bound molecules in single cell with MMS
6.14.2 – JoVE_Uphoff_LabMedia_Fig7D.tif – Diffusion coefficient histogram with MMS
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.
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