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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)_________  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _____________________________________________
1A: No, all necessary cameras are present in the lab.
 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)________ 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.
1B: There is no detailed step-by-step software usage. Nevertheless, it could be favorable to install/use a screen recording software for the section 1C,protocol step 5.4.
 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps by their protocol number. __________________________________________
 
1C:
Protocol steps:
2.1 3.1 Use an inverted microscope and mount the SPIM excitation module, as described in Ref. 16, to the baseplate of the positioning table (see Figure 1a).
3.1.1 4.2.1 Cell spheroid application
3.3 4.6 Attach the sample holder with the capillary to the positioning table of the microscope and align the position of the cell spheroid such that it is centered and focused.
4.5 5.3 Set up the afflux part of the microfluidic system (see Figure 2). Use a peristaltic pump to fill the afflux of the tubing (inner diameter: 0.89 mm) with culture medium containing the fluorescent dye, drug or agent.
4.7 5.4 First clamp the capillary bubble-free to the afflux tubing and then clamp the other side of the capillary to the drain tubing.
5.4 5.7 Perform measurements of single images or z-stacks by variation of the focal plane within the cell spheroid.
 
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the step by its protocol number.______________________
1D: The single most difficult aspect is the preparation of a bubble-free and leakage-free tubing (protocol step 4.7).
 
E.  Will the filming need to take place in multiple locations? (Y/N) _______ If yes, how far apart are the locations? ___________________________________________________
1E: No, the rooms for sample preparation and measurement are adjacent.
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 perform single plane illumination microscopy using a light sheet excitation module for inverted microscopes and apply it to 3-dimensional cell spheroids. (Intro)
This is accomplished by first using a pipette to transfer a cell spheroid from the well of a microtiter plate to a second well to incubate.  Following washing, the spheroid is then introduced to a rectangular capillary. (P1)  Editors, please show the animation from page 1 of JoVE_51933_Schneckenburger_Animations.pptx as P1 is narrated.
The second step is to mount the light sheet illumination module to the baseplate of the inverted microscope positioning table. (P2)
Editors, please show the animation from page 2 of JoVE_51933_Schneckenburger_Animations.pptx as P2 is narrated.
Next, the capillary containing the spheroid is placed in a special sample holder for microscopy. (P3)
Editors, please show the animation from page 3 of JoVE_51933_Schneckenburger_Animations.pptx as P3 is narrated.

The final step is to set the matching between the light sheet and the focal plane of the microscope objective lens in the detection path. (P4)
Editors, please transition from page 3 to page 4 of JoVE_51933_Schneckenburger_Animations.pptx as P4 is narrated.

Ultimately, 3-dimensional fluorescence measurements can be performed by variation of the focal plane within the cell spheroid to gain information of single images or z-stacks concerning the uptake of drugs or the structure of the spheroid. (P5)
Editors, please show the animation from page 5 of JoVE_51933_Schneckenburger_Animations.pptx as P5 is narrated.  Then transition to 51993fig4highres.jpg, zoomed into the spheroid at t = 400 min,.to show an example of the results obtained.
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).  
[image: image1.emf]P2-5
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Thomas Bruns: The main advantage of this technique over existing light sheet microscopes is that it is cost efficient and highly versatile as it is consists of a module that can be adapted to an existing microscope and provides a large degree of freedom for research. 

1.1.1. MED:  Thomas speaks toward camera, interview style.

1.2. Sarah Schickinger: The implications of this technique extend toward research of drugs and agents used for therapy and diagnosis; in particular because adaption of the microfluidic system permits investigation of rapid processes under flow conditions.
1.2.1. MED:  Sarah speaks toward camera, interview style.
1.3. Herbert Schneckenburger: Though this excitation method in combination with any detection technique can provide insight into live cell spheroids at low light doses, it can also be applied to other living systems, such as zebra fish or drosophila embryos as well as optically cleared tissue samples.

1.3.1. MED:  Herbert speaks toward camera, interview style.

Protocol (read by voice talent at JoVE):

2. Cell spheroids incubated with a chemotherapeutic drug
2.1. To begin, add 50 µl of heated 1.5% agarose in culture medium into each well of a 96-well plate and let it solidify for 1 to 2 hours.  
2.1.1. MED:  Talent begins to pipette 50 µl of heated 1.5% agarose in culture medium into each well of a 96-well plate.
2.1.2. CU:  96-well plate as talent continues to pipette 1.5% agarose in culture medium into each well.
2.2. Then, seed about 150 MCF-7 breast cancer cells in each well of the prepared 96-well plate.  Grow spheroids for 5 to 7 days up to a diameter of about 200 to 300 µm in an incubator at 5% CO2 and 37 °C.
2.2.1. MED-over the shoulder:  Talent seeds 150 MCF-7 breast cancer cells in each well.  TEXT overlay:  see text for culture medium
2.2.2. CU:  Plate as talent places into a 37 °C incubator.
2.3. Next, incubate the cell spheroids with the anthracycline antibiotic doxorubicin hydrochloride for 6 hours at a concentration ranging between 2 µM and 8 µM in culture medium.  
2.3.1. MED:  Talent pipettes doxorubicin hydrochloride into the wells from a labeled container TEXT overlay:  Incubate at 5% CO2 and 37 °C
2.4. Following incubation, wash the cell spheroids with culture medium or Earle's Balanced Salt Solution prior to microscopy.
2.4.1. MED-over the shoulder:  Plate as talent washes the cell spheroids from a labeled container.
3. Light sheet adjustment
3.1. Use an inverted microscope and mount the single plane illumination microscopy, or SPIM, excitation module to the baseplate of the positioning table.
3.1.1. CU:  Inverted microscope as talent mounts the SPIM excitation module to the baseplate of the positioning table.
3.2. Equip the microscope with a 10 times or 20 times magnifying microscope objective lens and an appropriate long-pass filter in the detection path of the microscope.
3.2.1. MED-over the shoulder:  Talent adjusts the objective lens.
3.2.2. CU:  Talent inserts the long-pass filter.
3.3. Then, mount an integrating camera to the detection port of the microscope.  Use a parallel collimated beam of a laser or a laser diode with an excitation wavelength of preferentially 470 nm and apply it to the SPIM module. 
3.3.1. MED:  Talent mounts an integrating camera to the detection port of the microscope.
3.3.2. CU:  Microscope as talent mounts an integrating camera there.
3.4. Next, rotate the cylindrical lens by 90 degrees, which transfers the light sheet into a vertical position for an axial adjustment of the beam waist of the light sheet.  Place a capillary containing a liquid with a fluorescent dye in the sample holder.
3.4.1. MED:  Cylindrical lens as talent rotates by 90 degrees.
3.4.2. CU:  Sample holder as talent places the capillary containing a liquid with a fluorescent dye in the sample holder.
3.5. Attach the sample holder with the capillary to the positioning table of the microscope.  Align the position of the capillary such that it is centered and the beam waist of the light sheet is in focus.
3.5.1. MED-over the shoulder:  Talent attaches the sample holder with the capillary to the positioning table of the microscope.
3.5.2. CU:  Capillary as talent aligns the positions such that it is centered and the beam waist of the light sheet is in focus. 
3.6. Adjust the beam waist by variation of the axial position of the cylindrical lens itself.  Turn back the lens after adjustment.
3.6.1. MED-over the shoulder:  Talent adjusts the beam waist by varying the axial position of the cylindrical lens itself.
3.6.2. CU:  Lens as talent turns back after adjustment.
4. Cell spheroid application and microscope feed synchronization
4.1. Place the cell spheroids separately or in groups within rectangular borosilicate glass capillaries with an inner cross section of 600 by 600 micrometers and a wall thickness of 120 micrometers. 
4.1.1. CU:  Rectangular borosilicate glass capillaries as talent displays to the camera.
4.2. To achieve this, take the empty capillary upright with thumb and middle finger and seal the upper opening with forefinger.  Bring the lower opening close to the cell spheroid in its surrounding liquid.  Release forefinger from the upper opening.  
4.2.1. MED:  Talent takes the empty capillary upright with thumb and middle finger and seals the upper opening with forefinger.  
4.2.2. CU:  Capillary being held properly as talent brings the lower opening close to the cell spheroid in its surrounding liquid and releases the forefinger from the upper opening.
4.3. Liquid with the cell spheroid in it will be soaked in immediately by capillary forces.  Adjust the position of the spheroid within the filled capillary by gravitation.
4.3.1. ECU:  Bottom of the capillary as the liquid with the cell spheroid is soaked in immediately by capillary forces.
4.3.2. MED:  Talent adjusts the position of the spheroid in the capillary by gravitation in the respective upright position of the capillary. 
4.4. Alternatively, apply the cell spheroid to the capillary via pipetting. Take care that the opening of the tip of the pipette is, on the one hand, big enough for the spheroid size and, on the other hand, less or equal in size to the inner diameter of the capillary.
4.4.1. CU:  Capillary as talent applies the cell spheroid there by pipetting.  Match action in next shot.
4.4.2. ECU:  Opening of the tip of the pipette as talent applies the spheroid to the capillary.
4.5. Next, place the capillary containing the spheroid in a special sample holder for microscopy. 
4.5.1. MED-over the shoulder:  Talent places the capillary with the spheroid in it in a special sample holder for microscopy.
4.6. Attach the sample holder with the capillary to the positioning table of the microscope and align the position of the cell spheroid such that it is centered and focused.
4.6.1. CU:  Sample holder as talent attaches to the positioning table of the microscope.
4.6.2. SCREEN:  Screen capture movie as talent aligns the position of the cell spheroid such that it is centered and focused.
4.7. Set the matching between the light sheet and the focal plane of the microscope objective lens in the detection path by adjusting the position of the reflection mirror and the cylindrical lens.
4.7.1. CU:  Light sheet as talent sets the matching between the light sheet and the focal plane of the microscope objective lens in the detection path by adjusting the position of the reflection mirror and the cylindrical lens.
5. Measurement in dynamic liquid environment & data acquisition and analysis 
5.1. Fill the capillary with fetal calf serum, or FCS, for 30 minutes to support later cellular adhesion of a cell spheroid to the inner glass surface.  Let the remaining FCS coating in the depleted capillary dry out for at least 12 hours.
5.1.1. MED-over the shoulder:  Talent fills the capillary with FCS from a labeled container.  Match action in next shot.
5.1.2. CU:  Capillary as talent fills with FCS.
5.2. After introducing the cell spheroid to the FCS coated capillary as before, leave the capillary in the incubator for an additional 2 to 4 hours to cause cellular adhesion of the spheroid.
5.2.1. MED:  Talent places the capillary in the incubator.  TEXT overlay:  5% CO2 and 37 °C
5.3. Next, set up the afflux part of the microfluidic system including a bubble trap.  Use a peristaltic pump to fill the afflux of the tubing with culture medium containing the fluorescent dye, drug or agent.  
(exchange the order of 5.3.1 and 5.3.2)
5.3.1. CU:  Afflux tubing/peristaltic pump as talent uses the pump to fill tubing with medium.
5.3.2. MED-over the shoulder:  Talent connects the afflux part of the microfluidic system to a bubble trap.
5.4. First clamp the bubble-free capillary to the afflux tubing and then clamp the other side of the capillary to the drain tubing.  
5.4.1. CU:  Capillary as talent clamps to the afflux tubing and then clamps the other side to the drain tubing.
5.5. Tune the liquid temperature of the water bath to the desired value.  Then, adjust the peristaltic pump to the desired pump velocity.  Collect the pumped liquid into a recipient with an open-loop setup.
5.5.1. MED:  Talent tunes the liquid temperature of the water bath to the desired value.
5.5.2. [combined with 5.5.1] MED-over the shoulder:  Talent adjusts the peristaltic pump to the desired pump velocity.
5.5.3. CU:  Talent sets up a recipient with open-loop setup to collect the pumped liquid.
5.6. For data acquisition and analysis, set the laser power and the integration time for the image acquisition.  Set the increment for the z-stack to a value between 5 and 10 micrometers, which is preferable for 3-dimensional data analysis as the light sheet thickness is about 10 micrometers.
5.6.1. SCREEN:  Screen capture movie as talent sets the laser power and the integration time for the image acquisition.  Screen capture movie as talent sets the increment for the z-stack to a value between 5 and 10 micrometers.
5.7. Proceed to perform measurements of single images or z-stacks by variation of the focal plane within the cell spheroid. 
5.7.1. SCREEN:  Screen capture movie as talent performs measurements on the cell spheroid.
6. Results: Imaging of cell spheroids incubated with the cytostatic drug doxorubicin
6.1. A z-stack scan of an MCF-7 cell spheroid previously incubated with 8 µM doxorubicin for 6 hours is shown.  The images give detailed information about the cellular uptake and distribution of doxorubicin and its degradation product.  
6.1.1. LAB MEDIA:  51993fig3highres.jpg
6.2. Within the outer cell layer of the spheroid, red fluorescent doxorubicin is mainly localized in the nucleus, whereas in inner spheroid areas, green fluorescence emitted by a degradation product becomes dominant in the cellular membrane.
6.2.1. LAB MEDIA:  51993fig3highres.jpg.  Editors, as this point is narrated, please zoom into the 40 (M panel to show an example of the red outer cell layer and the green inner cell membrane.
6.3. The uptake of the chemotherapeutic drug doxorubicin in native MCF-7 human breast cancer cell spheroids is depicted for a single cell layer selected by SPIM.  Upon application of 2 µM in culture medium within the flow system, red and green fluorescence of doxorubicin and its degradation product increase continuously.
6.3.1. LAB MEDIA:  51993fig4highres.jpg.  Editors, as this point is narrated, please zoom into the spheroid at t = 400 min as the last sentence is narrated.
7. Conclusion (said by authors on camera)
7.1. Thomas Bruns:  Once mastered, it takes only a few minutes from mounting the light sheet illumination module until recording fluorescence images of 3D samples.
7.1.1. MED:  Thomas speaks toward camera, interview style.

7.2. Sarah Schickinger: When measuring under flow condition, it’s most important to assure that the sample adheres to the inner surface of the capillary and to avoid air bubbles reaching the sample which might detach it from the capillary.
7.2.1. MED:  Sarah speaks toward camera, interview style.

7.3. Herbert Schneckenburger:  After watching this video, you should have a good understanding of light sheet illumination microscopy with a versatile module adaptable to various microscopes.
7.3.1. MED:  Hebert 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.  

Insert your media filenames here.
JoVE_51933_Schneckenburger_Animations.pptx

51993fig3highres.jpg
51993fig4highres.jpg
SCREEN Capture Movies:
Schneckenburger_SCREEN_4.6.2:  Screen capture movie as talent aligns the position of the cell spheroid such that it is centered and focused.
Schneckenburger_SCREEN_5.6.1:  Screen capture movie as talent sets the laser power and the integration time for the image acquisition.  Screen capture movie as talent sets the increment for the z-stack to a value between 5 and 10 micrometers.
Schneckenburger_SCREEN_5.7.1:  Screen capture movie as talent performs measurements on the cell spheroid.
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.
( 2013, Journal of Visualized Experiments


