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Authors, please fill out the brief questionnaire below.   

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)__N____  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)_Y
If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps using the step numbers listed in this document. 3.3, 3.6, 4.1-4.7, 5.1, 6.1-6.5
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document. Set the right parameters to follow the moving vesicle in 3D. 4.2, 4.3, 4.4
E.  Will the filming need to take place in multiple locations? (Y/N) YES, If yes, how far apart are the locations? Rooms on the same corridor

1. Introduction (Schematic Overview and Interview)

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

Procedural Narrative:
The overall goal of this procedure is to illustrate how to track 3-dimensional fast moving organelles, such as lysosomes, within a cell. (Intro)

This is accomplished by first staining the lysosomes… and the microtubules using specific commercial dyes inside cultured living cells. (P1)
Editors, as this point is narrated, please show the figure on page 2 of ProceduralSchematics.pptx.  Bring in the arrows and labels for lysosome and microtubules as narrated.

The second step is to use a laser scanning microscope and employ the orbital tracking method to follow the lysosome movement at high speed. (P2)
Editors, as this point is narrated, please use something similar to 110813Jove_low.mp4, time code -00:15 – 00:23.

The size of the orbit and other parameters such as the frequency response of the system are then selected to perform tracking experiments. (P3)
Editors, as this point is narrated, please show the screen capture image on page 3 of ProceduralSchematics.pptx.  Zoom into the left side of the screen where the different parameters are pointed out with red arrows.

Ultimately the results show that it is possible to follow fast moving lysosomes in 3 dimensions and to detect interactions with other fluorescently stained organelles encountered along the laser orbit during the tracking. (P4)
Editors, as this point is narrated, please show 00:36-01:04 of 3Dtrajectoryanalysis.avi, but the end can be cropped to fit the narration.
   

Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   


B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Enrico Gratton: The main advantage of 3D orbital tracking over existing methods, like 3D tracking using astigmatism, is that this technique allows tracking objects in 3D and over a large range.
1.1.1. MED:  Enrico speaks toward camera, interview style.
1.2. Andrea Anzalone:  This method can help answer key questions in the vesicular transport field, such as how vesicles move along the microtubule.
1.2.1. MED:  Andrea speaks toward camera, interview style. 
1.3. Paolo Annibale:  Though this method can provide insight into endosomal dynamics, it can also be applied to other systems where it is possible to fluorescently label isolated particles, such as plasmonic nanoparticles, aggregates of membrane receptors, nuclear pores, and genetic loci.
1.3.1. MED:  Paolo speaks toward camera, interview style.


Protocol (read by voice talent at JoVE):
2. Sample preparation
2.1. Maintain Chinese hamster ovary cells, or CHOK1 (pronounce “cho-kay-one”), cells as described in the text protocol.  After harvesting the cells, plate them on a 14 mm diameter micro-well with a surface thickness of 0.16 mm.  Seed cells for optimal density for imaging, around 60-70% confluency.
2.1.1. MED:  Talent at tissue culture hood begins to plate the cells onto 14 mm diameter micro-wells.  Continue action in next shot.
2.1.2. CU:  14 mm diameter micro-wells as talent plates the cells there.
2.2. Incubate cells overnight at 37 °C, 5% CO2.  The following day, wash the cells three times in Hank’s Buffered Saline Solution, or HBSS.  HBSS is used to remove dead cells or debris from the culture plate and to prepare the cells for the staining step.
2.2.1. MED-over the shoulder:  Talent places the cells into a 37 °C incubator.
2.2.2. MED:  Talent washes the cells with HBSS from a labeled container.  Match/continue action in next shot.
2.2.3. CU:  Micro-wells with cells as talent washes with HBSS.
2.3. Then, incubate the cells in an HBSS solution containing 50 nM of Lysotracker green and 150 nM of tubulin tracker green for one hour at 37 °C. 
2.3.1. MED-over the shoulder:  Talent adds Lysotracker green and tubulin tracker green to the cells.  TEXT overlay (as narrated):  Incubate 1hr at 37 °C
2.4. Following incubation, wash the cells three times in HBSS to remove any unbound dye.  Add fresh DMEM growth medium prior to imaging the cells. 
2.4.1. CU:  Micro-wells as talent washes the unbound dye out with HBSS.
2.4.2. MED:  Talent adds DMEM growth medium from a labeled container to the cells.
3. Microscope Configurations
3.1. The microscope for the particle tracking described in the video protocol is assembled on the frame of a commercially available inverted microscope.  A Coherent Chameleon-Ultra II Titanium Sapphire femtosecond laser excitation light source is used, with a tunable output wavelength range between 690 nm and 1040 nm. 
3.1.1. BROLL:  The laser scanning microscope and laser itself.
3.2. Ensure that the laser beam is aligned in the rear port of the microscope using infrared-coated mirrors.  
3.2.1. CU:  The beam path and mirrors as talent aligns the laser beam in the rear port.
3.3. The laser beam is attenuated using a rotating half wave plate placed in front of a calcite polarizer.  Attenuate the beam so that the average power at the sample is between 0.5 and 2 milliWatts.
3.3.1. MED-over the shoulder:  Talent attenuates the laser beam using a rotating calcite polarized prism and circularized using the quarter-wave plate.
3.3.2. CU:  Digital display of power meter as the beam is attenuated to between 0.5-2 mW 
3.4. Next, place the sample onto a motorized stage, and adjust the fine motion of the microscope objective using an objective piezo-controller.
3.4.1. MED:  Talent places the sample onto a motorized stage.
3.4.2. CU:  Objective piezo-controller as talent adjusts.
3.5. Collect the fluorescence light from the sample by placing a high numerical aperture water objective into the light path.  Choose a fluorescence filter cube according to the desired emission wavelengths in either one or two channel configuration.  Employ emission bandpass filters to further select the spectral range of the emitted fluorescence.
3.5.1. MED:  Talent switches to a 60 X, NA 1.2 objective.
3.5.2. CU:  Filter cube as talent rotates to show the bandpass filters and then inserts it into the microscope.
3.6. Direct the light from the filter cube into photomultiplier tubes where the signal is amplified and discriminated and sent to a digital Input/Output data acquisition card.
3.6.1. MED-over the shoulder:  Talent directs the light from the filter cube into photomultiplier tubes 
3.6.2. [split] where the signal is discriminated and sends to a digital Input/Output data acquisition card.
4. Imaging
4.1. To image the cells, position them on the stage and focus using transmitted light illumination.  Switch to raster scan imaging to identify the cells that have incorporated the dye and to visualize the underlying microtubules.  Identify the initial area where vesicle movement is present.
4.1.1. LAB MEDIA:  BrightField.avi.  Editors, please crop the beginning and end of this video to fit the narration.  Do not crop between 00:10-00:19.
4.2. Once an isolated vesicle is identified, set the parameters for orbital tracking.  First select the radius of the orbit to define the size of the circular scan according to the size of the particle being tracked.  For a point emitter, set the radius of the orbit equal to the waist of the Point Spread Function, or PSF, of the excitation beam to maximize sensitivity and response. 
4.2.1. LAB MEDIA:  Slide9.png.  Editors, please start with the entire slide and then zoom into the red boxed off region.  
4.2.2. LAB MEDIA:  Slide10.png.  Editors, please transition from the previous point where zoomed in and zoom in further to the red boxed region in this screen capture between sentence 2 and 3.
4.3. Set the axial distance to define the distance between the two orbits that are performed to localize the particle position along the axial direction.  Set the axial distance to 1.5 to 3 times the PSF waist. 
4.3.1. LAB MEDIA:  Slide11.png.  Editors, please transition from the previous point where zoomed in and slide to the red boxed region in this screen capture.
4.4. Define the dwell time according to the brightness of the particle to set the time spent on each point of the orbit, which will also determine the photo-bleaching rate.  Use a dwell time between 10 and 100 s. 
4.4.1. LAB MEDIA:  Slide12.png.  Editors, please transition from the previous point where zoomed in and slide to the red boxed region in this screen capture.
4.5. Set the number of points in each orbit to 64 or 128 to yield orbit periods in the order of 4 to 32 ms and provide a high temporal resolution for determining the particle position. 
4.5.1. LAB MEDIA:  Slide13.png.  Editors, please transition from the previous point where zoomed in and slide to the red boxed region in this screen capture.
4.6. Change the DC offset signal sent to the mirrors in order to center the beam on the particle through the graphical user interface via a cursor selection in the raster-scanned image.  Begin tracking by switching the microscope mode from raster-imaging to orbital scanning.  Activate the feedback and data collection. 
4.6.1. LAB MEDIA:  Particle2.avi.  Editors, this video may need to be sped up to correlate with narration.  The action described in the second sentence begins at 00:22 in the video.
5. Trajectory analysis 
5.1. For trajectory analysis, use the software to display the fluorescence collected at each point along the orbit and at each time point in the form of an ‘intensity carpet’.  The intensity collected along the carpet provides information on the interaction of the particle with other bright objects. 
5.1.1. LAB MEDIA:  3Dtrajectoryanalysis.avi.  Editors, please show 00:00-00:14.
5.2. Display both the trajectory information as well as the fluorescence intensity collected from the photomultiplier tube over time in the form of time series.
5.2.1. LAB MEDIA:  3Dtrajectoryanalysis.avi.  Editors, please show 00:15-00:20.
5.3. Use the time series representation and the ‘intensity carpet’ information to select only a region of interest in the trajectory. 
5.3.1. LAB MEDIA:  3Dtrajectoryanalysis.avi.  Editors, please show 00:21-00:28.
5.4. Then display a 2D projection of the selected portion of the particle trajectory.  Select the appropriate controls to color-code the trajectory according to the particle fluorescence intensity. 
5.4.1. LAB MEDIA:  3Dtrajectoryanalysis.avi.  Editors, please show 00:29-00:35.
5.5. Select the option to display the particle trajectory in 3D, and color-code it according to the fluorescence intensity.  Rotate the trajectory in 3D using the controls to visualize the features of the lysosome motion along the microtubule.
5.5.1. LAB MEDIA:  3Dtrajectoryanalysis.avi.  Editors, please show 00:36-01:04, but the end can be cropped to fit the narration.
6. Results: Fast 3D single particle tracking of an isolated lysosome moving inside the cell after the endosome maturation process
6.1. Using a fluorescent green dye staining of the lysosomes and of the microtubules, it is possible to image the high speed motion of the vesicles along the microtubule network with a 2-Photon laser scanning microscope.  However, raster scan imaging does not have the temporal resolution necessary to accurately follow the motion of the faster endosomes. 
6.1.1. LAB MEDIA:  tubulinmovie.avi.  Editors, please start at 00:05 and the end of the video can be cropped to fit with the narration.
6.2. If orbital tracking is used instead, the data show that it is possible to obtain x,y,z displacement trajectories with a temporal resolution of 32 ms in these displacement versus time trajectories.
6.2.1. LAB MEDIA:  Figure 1_NO boxed region.  Editors, please zoom in on the left side of the figure as this point is narrated. 
6.3. The carpet analysis displays the intensity recorded along each orbit over time.  The intensity trajectory provides information on the fluorescence surroundings of the particle.  
6.3.1. LAB MEDIA:  Figure 1_NO boxed region.  Editors, staying zoomed in, please slide over to the right side of the figure as this point is narrated.  
6.4. The boxed region corresponds to the portion of the trajectory in between two jumps.  Bright spots outside of the boxed region correspond to interactions of the particle with other bright objects, and are associated to jumps in the trajectory as the orbits re-centers on the brightest fluorescence source. 
6.4.1. LAB MEDIA:  Figure 1_boxed region.  Editors, from last point, please zoom back out to the full figure and transition to figure 1_boxed region, (which is the same figure except with the red dotted line). 
6.5. During the tracking the integrated intensity of the emitted fluorescence can be recorded.  The reconstructed 3D trajectory displays a directed motion, as can be expected from a vesicle moving on the microtubule network. 
6.5.1. LAB MEDIA:  Figure 2a.  
6.6. Additionally, it is possible to correlate the 3D trajectory to a raster scan image of the surrounding region.  This confirms the movement of the particle along the direction of a microtubule bundle. 
6.6.1. LAB MEDIA:  Figure 2b.  

7. Conclusion (said by authors on camera)
7.1. Andrea Anzalone: Once mastered , this technique can be done in few hours if it is performed properly.
7.2. Paolo Annibale: While attempting this procedure, it’s important to remember to use laser power levels that are not harmful for the biological sample under investigation. Using a 2-Photon Laser, as illustrated in this protocol, power levels below 2 mW after the objective should be maintained. 
7.2.1. MED:  Paolo speaks toward camera, interview style.
7.3. Enrico Gratton: After watching this video, you should have a good understanding of how to set up an experiment using the orbital method, that allow full 3D tracking over a very long range.
7.3.1. MED:  Enrico speaks toward camera, interview style.

       

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.  

ProceduralSchematics.pptx

[bookmark: _GoBack]4.1 BrightField.avi: 60X, video camera image cultured cells on the microscope stage at 60X bright-field illumination.

4.2 Slide9.png: detail of setting acquisition parameters on a software interface

4.2 Slide10.png: detail of setting acquisition parameters on a software interface

4.3 Slide11.png: detail of setting acquisition parameters on a software interface

4.4 Slide12.png: detail of setting acquisition parameters on a software interface

4.5 Slide13.png: detail of setting acquisition parameters on a software interface

4.6-4.7 Particle2.avi: screen-capture of the process of identify a fluorescent particle and tracking it using a graphical software interface

5.1-5.5 3Dtrajectoryanalysis.avi: screencapture of the procedure to visualize the trajectory information and analyze it as discussed in the protocol
6.1 tubulinmovie.avi: screenshot of video showing fast lysosome motion on the microtubule network imaged using a 2-photon scanning microscope
6.2 Figure 1_NO boxed region.  
6.4 Figure 1_boxed region.  6.5 Figure 2a.  6.6 Figure 2b.  



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.
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