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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) ____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)___A few screen shots will be helpful__ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps___
- Step 2.5
- Step 3.1 – 3.4

- Step 5.1

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  
- Step 4.2; Images should be recorded and selected carefully.
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 measure a topology of cell adhesion on a substrate with nanometre precision. (Intro)
This is accomplished by first cultivating cells on transparent glass slides and incubating them with a fluorescent marker. (P1)
Then, the angular position of the microscope’s adjustable mirror is calibrated and the position is stored in the mirror positioning program. (P2)
The next step is to record the fluorescence images upon irradiation at about 10 different angles. (P3)
The final step is to calculate cell-substrate distances with a precision of a few nanometres. (P4)
Ultimately, results of topology of cell adhesion on a substrate are used to show differences of adhesion between various cell lines, for example, cancer cells and less malignant cells. (P5)
Video editor: Schematic overview graphics are in ‘JOVE_2012_Procedure_new.ppt’

B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Herbert Schneckenburger: The main advantage of this technique over existing methods, like confocal microscopy, is that axial resolution is in the range of only a few nanometers.   

1.2. Herbert Schneckenburger: Though this method can provide insight into cell membranes, it can also be applied to other systems, such as small vesicles or nano-materials.

1.3. Herbert Schneckenburger: Demonstrating the procedure will be our post doc Petra Weber, who will prepare the cell samples, and our engineer Michael Wagner, who will run the experiment. 

1.3.1. Interview style: Author saying the above 

1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

Protocol (read by voice talent at JoVE):
2. Seeding and incubation of cells
2.1. To prepare cells for Variable-Angle Total Internal Reflection Fluorescence Microscopy, seed individual cells at a density of 100 cells per mm² on a glass slide in culture medium supplemented with 10% fetal calf serum and antibiotics.
Shots:
2.1.1. MED: Talent working in tissue culture hood, seeding cells.
2.1.2. CU: Match action above - cells being seeded onto a glass slide (text: 100 cells/mm²).
2.2. Grow cells for 72 hours in an incubator at 37 °C and 5% CO2.
Shots:
2.2.1. MED: Multiple takes from different angles of talent putting cells into incubator.  Shot will be repeated later (text: 72 h at 37 °C, 5 % CO2).
2.3. Next, apply to the cells the fluorescent membrane marker, 6-dodecanoyl-2-dimethylamino naphthalene, or laurdan, at a concentration of 8 µM in culture medium.
Shots:
2.3.1. MED: Talent getting ready to add laurdan to the cells on the glass slide.

2.3.2. CU: Match action above - laurdan being applied to cells [text: Apply 8 µM 6-dodecanoyl-2-dimethylamino naphthalene (laurdan)].

2.4. Incubate for 60 minutes.
Shots:
2.4.1. Use shot from 2.2.1. (text: 60 min at 37 °C, 5 % CO2).
2.5. Prior to fluorescence microscopy, wash the cells with PBS.  Pipette the buffer solution over the object slide to remove medium. Afterwards, wipe off the buffer solution from the backside of the object slide.
Shots:
2.5.1. MED: Talent pipetting up some PBS and getting ready to pipet it over the slide.
2.5.2. CU: PBS being pipetted over the slide.
2.5.3. CU: PBS being wiped off from the backside of the slide.
3. VA-TIRFM
3.1. An upright microscope such as a Zeiss Axioplan equipped with a back illuminated Andor Ixon EMCCD (pronounce: “E-M-C-C-D”) camera is used for variable-angle-TIRFM (pronounce: “T-I-R-F-M”). Replace its condenser by a custom-made illumination device with a hemi-cylindrical glass prism optically coupled to the object slide.
Shots:
3.1.1. WIDE/MED: Talent approaching the Zeiss Axioplan microscope with the sample to be analyzed. (Videographer: please get footage of the microscope as well as the attached camera)
3.1.2. LAB MEDIA: JOVE_Fig1.tif (Video editor: highlight the hemi-spherical prism).
3.2. The laser beam is incident from a collimated monomode fiber, which after imaging by the glass prism and further optical components, again results in a parallel beam on the surface of the sample. Take care that the electrical field vector is polarized perpendicular to the plane of incidence. This position is marked on the output coupler of the fiber.
Shots:
3.2.1. LAB MEDIA: JOVE_Fig1.tif (Video editor: highlight the monomode fiber and then the beam/line that comes out from it.  Follow the beam path as it reflects off the adjustable mirror, the deflection mirror, the concave mirror, the second deflector mirror, and finally goes through the sample into the objective).
3.2.2. CU: A shot of the output coupler of the fiber to show the marked position.
3.3. Use an adjustable mirror located inside the condenser which is imaged in the sample plane and illuminates the sample under a variable angle of incidence or object ray. The adjustable mirror may be driven by a step motor, which is controlled by software. Each position corresponds to a well-defined angle of incidence, as determined by goniometric proceeded measurements.
Shots:
3.3.1. LAB MEDIA: JOVE_Fig1.tif (Video editor: highlight the adjustable mirror).
3.3.2. CU: A shot of the step motor.
3.3.3. MED: Talent at the computer, using the software to control the step motor.
3.4. To calibrate the angular position of the adjustable mirror, use a fluorescent dye such as 1 mM flavin mononucleotide dissolved in water to visualize the critical angle upon variation of the angle of incidence. Use the critical angle of 61.3° for a glass-water transition as a fixed value. The angular position of the mirror at which the angle of incidence equals the critical angle is stored in the mirror positioning program.
Shots:
3.4.1. CU: Slide with FMN dissolved in water being placed on the microscope stage.
3.4.2. CU: Show green ray on the slide.
3.4.3. MED/over the shoulder: talent setting the critical angle (text: (c = 61.3° as a fixed value)
3.4.3
CU: Green light is disappearing at the critical angle (c.
3.4.4. SCREEN: angular position of the mirror where ( = (c being stored in the mirror positioning program.
3.5. Using the camera software, set the parameters of the EMCCD camera, including temperature, gain, recording time and shift speed.
Shots:
3.5.1. SCREEN: temperature, gain, recording time and shift speed being set using the camera software.
3.6. Use immersion oil to assure optical contact of the sample with the glass prism. Select an objective lens of appropriate magnification for the cells and moderate numeric aperture to visualize the object in the microscope. 
Shots:
3.6.1. CU: Immersion oil being applied and an appropriate objective being selected (text: 63(/0.90 water immersion objective).
3.6.2. CU: Immersion oil being applied. (Comment: combined with 3.6.1)
3.7. Use an appropriate long pass or band pass filter for fluorescence detection. Record fluorescence images of identical samples upon variation of the angle of illumination.  The angles of incidence should be the same or greater than the critical angle, with the critical angle corresponding to 64.5° for a cell-glass interface. An angular range of 66°( 74° with steps of 0.5° or 1° is recommended.
Shots:
3.7.1. MED/over the shoulder: talent selecting appropriate filter for fluorescence detection.
3.7.2. SCREEN: Examples of fluorescence images of identical samples being acquired at different angles of illumination.
4. Data analysis
4.1. To begin data analysis, use the LabView program to read the images recorded at various angles, as well as the camera settings, the excitation wavelength, and the refractive indices for glass, which is 1.52, and cells, which is 1.37. The settings are imported for proper evaluation of the data. For each set of parameters, the penetration depth and the transmission factor are calculated automatically.
Shots:
4.1.1. MED: Talent at the computer, starting the LabView program.
4.1.2. SCREEN: Recorded images and settings being read in ASCII format.
4.1.3. SCREEN: Example of a penetration depth d(() and the transmission factor T(() calculated automatically for a set of parameters.
4.1.4. Talent – interview style to camera: “For the success of this procedure, it is important that images are carefully recorded and selected for analysis.”
4.2. Select images used for evaluation of cell-substrate distances according to the equation for a membrane marker (Video editor: show Equation 5). Individual images with inhomogeneous illumination, such as shown in this example, may be excluded.
Shots:
4.2.1. SCREEN: Images being selected for evaluation.
4.2.2. LAB MEDIA: 4133_Equation 5.tif
4.2.3. SCREEN: An example of an image with inhomogeneous illumination.
4.3. Calculate images of cell-substrate topology and select an appropriate color code for display. During the evaluation, profiles of individual pixels can be displayed, as depicted in this figure (Fig. 2). These profiles may be used as an indicator for the quality of the fit.
Shots:
4.3.1. SCREEN: Images of cell-substrate topology being calculated.
4.3.2. SCREEN: Images with color codes being displayed.
4.3.3. LAB MEDIA: JOVE_Fig2.tif
4.4. Finally, store the evaluation protocol.
Shots:
4.4.1. MED/over the shoulder: talent saving the evaluation protocol.
5. Results: calculation of cell-substrate distances in glioblastoma cells 
5.1. This figure (Figure 3) depicts total internal reflection images of U251-MG (pronounce “U-251-M-G”) glioblastoma cells with an activated TP53 (pronounce “T-P-53”) tumor suppressor gene upon incubation with laurdan recorded at various angles of incidence: 66.0° (Video editor: highlight panel a), corresponding to a penetration depth of the evanescent electromagnetic field of about 140 nm; 69.0° (Video editor: highlight panel b), corresponding to a penetration depth of  75 nm, and 73.0° (Video editor: highlight panel c), corresponding to a penetration depth of 60 nm. With decreasing penetration depth, fluorescence decreases in intensity and originates from more superficial sites of the cells such as focal contacts on their edges.
Shots:
5.1.1. LAB MEDIA: JOVE_Fig.3a_NEW.tif
5.1.2. LAB MEDIA: JOVE_Fig.3b_NEW.tif
5.1.3. LAB MEDIA: JOVE_Fig.3c_NEW.tif
5.2. Cell-substrate distances are depicted in panel d by a color code ranging from 0(600 nm.  As seen here, cell-substrate distances vary greatly over the cells between only a few nanometers, represented by white to yellow, and 250(300 nm, represented by dark red.  This indicates focal contacts and larger cell-substrate distances are in close vicinity.
Shots:
5.2.1. LAB MEDIA: JOVE_Fig.3d-4c_NEW.tif
5.3. A similar variation in cell-substrate distances is calculated for U251-MG glioblastoma cells with an activated suppressor gene PTEN (pronounce: “P-TEN”) (Fig. 4d).
Shots:
5.3.1. LAB MEDIA: JOVE_Fig.4d.NEW.tif
5.4. In contrast, cell-substrate distances are rather constant for U251-MG control cells (Fig 4b) with typical values of 80 (100 nm, represented by yellow, and wild type cells (Fig 4a) with typical values of 150 (200 nm, represented by orange to red.
Shots:
5.4.1. LAB MEDIA: JOVE_Fig.4b.NEW.tif
5.4.2. LAB MEDIA: JOVE_Fig.4a.NEW.tif
6. Conclusion (said by authors on camera)
6.1. Herbert Schneckenburger: After its development, this technique paved the way for researchers in the field of cell-substrate topology to explore tumor cells and their morphological changes upon laser therapy.

6.2. Herbert Schneckenburger: After watching this video, you should have a good understanding of how to visualize cell surfaces with an axial resolution in the nanometer range at low light exposure, which is well tolerable to living organisms. 

Provided Media

1A. Schematic overview graphics – ‘4133_Jove_Procedure.ppt’
3.1-3.3. JOVE_Fig.1.tif
4.2. 4133_Equation 5.tif
4.3. JOVE_Fig.2.tif

5.1. JOVE_Fig.3.tif
5.2. JOVE_Fig.3d-4c_NEW.tif
5.3. JOVE_Fig.4d.NEW.tif
5.4. JOVE_Fig.4b.NEW.tif, JOVE_Fig.4a.NEW.tif
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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