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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: ______________________________
**Note:  This question is to get at whether or not you will need a camera hook-up to look into the microscope.  However, if your microscope has a digital camera attached to a computer, you can gather these shots by collecting screen capture movies.  
Does your protocol include microscopy steps that are visualized through a microscope with a digital camera/computer attached? (Y/N) ___No___ 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___Yes____ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps_Preparation of the cell lysate; Determination of optimal lysate dilution; Preparation of cell lysate and ligand dilutions and capillaries loading; MST binding experiment on the MST instrument; Data analysis__
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Achieving high expression levels of the GFP-fused protein upon cells transfection could be one of the biggest challenges. Addition of proteosome inhibitors can help overcoming low stability of the fusion protein in some cases.    ___________________________

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 determine the binding affinity of a protein-ligand interaction without purifying the protein from a cell lysate. (Intro)

This is accomplished by first expressing the GFP-fused protein of interest in any adherent cell line. (P1)
Editors, P1 of “Graphic Overview-JoVE.psd” can be shown here.

Following preparation of cell lysate and ligand dilutions, cell lysate-ligand mixtures are prepared and loaded into capillaries (P2)
Editors, P2 of “Graphic Overview-JoVE.psd” can be shown here.

Next, the thermophoresis of the GFP-fused protein in the presence of varying ligand concentrations is measured. (P3)
Editors, P3 of “Graphic Overview-JoVE.psd” can be shown here.

The final step is data analysis of microscale thermophoresis, or MST, measurements. (P4)
Editors, P4 of “Graphic Overview-JoVE.psd” can be shown here.

Ultimately, microscale thermophoresis is used to determine the binding affinities of interactions between GFP-fused proteins and various ligands.  (P5)
Editors, figure 4 can be shown as P5 is narrated.

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. Nadya Tarasova: The main advantage of this technique over existing methods, like titration calorimetry or surface plasmon resonance, is that it avoids protein purification, thus significantly simplifying and accelerating quantitative characterization of binary interactions.
1.1.1. MED:  Nadya speaks toward camera, interview style. 
1.2. Samuel Pritt:  This method presents significant advantages when working with proteins that are difficult to express and purify, such as membrane proteins and transcription factors. 
1.2.1. MED:  Samuel speaks toward camera, interview style.
1.3. Lyuba Khavrutskii:  One of the biggest advantages of microscale thermophoresis is that it works in a variety of buffers and tolerates the presence of detergents and micelles in the system. 
1.3.1. MED:  Lyuba speaks toward camera, interview style.
1.4. ** Nadya Tarasova: Demonstrating the procedure will be Karen Stefanisko a Biologist from my laboratory. 
1.4.1. MED:  Nadya speaks toward camera, interview style. 
1.4.2. MED:  Karen looks up from workbench or desk and acknowledges the camera.

Protocol (read by voice talent at JoVE):

Editors, for SCREEN capture clips, please use a zoom circle to highlight the action being performed.
2. Preparation of cell lysate
2.1. To begin, wash the cells briefly with ice-cold phosphate-buffered saline, or PBS, using 10 ml of buffer per T75 flask.  Keep the cells on ice for 5 minutes or until they start detaching from the flask.  Scrape the cells with a cell scraper to detach if necessary.
2.1.1. MED:  Talent pipettes 10 mL of ice-cold PBS into a T75 flask containing cells.
2.1.2. CU:  Flask as talent scraped the cells with a cell scraper.
2.2. Resuspend the cells in 10 mL of ice cold PBS and transfer to a pre-chilled 14 mL round bottom centrifuge tube.  Pellet the cells by centrifugation at 400 to 600 x g and 4oC for 5 minutes. 
2.2.1. MED:  Talent resuspends the cells and transfers to a pre-chilled 14 mL round bottom centrifuge tube.
2.2.2. MED-over the shoulder:  Talent places the tubes into the centrifuge and sets parameters.
2.3. Remove the supernatant and resuspend the pellet in 200 μL of ice-cold lysis buffer.  Transfer the suspension to a pre-chilled 1.5 mL eppendorf tube.
2.3.1. CU:  Centrifuge tube as talent removes the supernatant and resuspends the pellet in 200 μL of ice-cold lysis buffer.
2.3.2. MED:  Talent transfers the suspension to a pre-chilled 1.5 mL eppendorf tube.
2.4. For extraction of cytosolic proteins, place the cells on ice to minimize local overheating and lyse cells with 3 times 10 second pulses of sonication at 30% amplitude, using a 2 to 3 mm pre-chilled tip.  Keep the tip below the surface to minimize frothing.  Omit this step when using detergent-containing buffer and incubate on ice for 30 minutes instead.  
2.4.1. MED-over the shoulder/CU:  Multiple takes as talent places the tubes on ice. 
2.4.2. CU:  Tube of cells as they are sonicated at 30% amplitude.  TEXT overlay:  cytosolic proteins:  sonicate 3x 10sec
2.4.3. CU shot 2.4.1 or still from this shot.  TEXT overlay:  detergent-containing buffer:  30 min on ice [Video Editor: If this shot doesn’t exist, then leave out the last sentence of the VO. It’s an alternative, and we don’t need to include VO for alternatives not being demonstrated.]
2.5. Correct the lysate solution to contain a physiological salt concentration of 100 mM sodium chloride if necessary from a stock solution of 5M sodium chloride.
2.5.1. MED-over the shoulder:  Talent pipettes sodium chloride into the lysate from a stock solution of 5M sodium chloride to obtain physiological salt concentration.
2.6. Finally, collect the lysates by centrifugation at about 25,000 x g and 4oC for 10 minutes.
2.6.1. MED:  Talent places the lysate tubes into the centrifuge and begins run.
2.6.2.   Added shot: CU: Tube with a pellet on the bottom
3. Determination of optimal lysate dilution
3.1. Select the light emitting diode, or LED, excitation source with the wavelength equal to 470 nm on the MST instrument.
3.1.1. MED-over the shoulder:  Multiple takes of screen as talent selects the LED excitation source with wavelength = 470 nm on MST instrument.  Shot will be reused once.
3.2. Load capillaries with cell extract diluted two, and ten times with MST buffer, and place them in the MST instrument.
3.2.1. CU:  Capillaries as talent loads them with the diluted cell extract.  TEXT overlay:  see text for MST buffer recipe
3.2.2. Added shot: CU: Talent places capillaries into MST instrument
3.3. Perform “Find Capillaries” operation on Control Software of the MST instrument.  The optimal fluorescence range in diluted lysate is from 400 to 1500 fluorescence units.  Proceed to determine the optimal ligand concentration range as described in the text protocol.
3.3.1. MED-over the shoulder:  Talent performs “Find Capillaries” operation on Control Software of the MST instrument. 
3.3.2. MED or WIDE:  Talent works on the MST instrument to find the optimal concentration. 
3.3.3. SCREEN: Screen capture movie as talent performs the “Find Capillaries” command to measure the fluorescence of the lysate.
4. Microscale Thermophoresis binding studies
4.1. Place a tube rack with the necessary number of 0.5 mL Lobind (pronounced “low-bind”) centrifuge tubes on ice.  Pipet 25 µL of MST buffer to the bottom of each tube.  Add 25 µL of the ligand stock solution to the first tube and perform serial two-fold dilution of the ligand using the rest of the tubes.  Keep the rack with ligand samples on ice.
4.1.1. MED:  Talent places a tube rack with 0.5 mL Lobind centrifuge tubes on ice.
4.1.2. MED-over the shoulder:  Tubes as talent pipets 25 µL of MST buffer to the bottom of each tube.  
4.1.3. CU:  Tubes as talent adds 25 µL of the ligand stock solution to the first tube and performs serial two-fold dilution of the ligand using the rest of the tubes.  
4.2. Calculate the cell lysate dilution to yield the optimal level of the fluorescent target protein in the binding reactions.  Final protein concentration should be close to the expected binding dissociation constant or lower and should be adjusted to obtain the necessary number of fluorescence counts in the final solution.  Proceed to dilute the cell lysate with MST buffer.
4.2.1. MED-over the shoulder:  Lab notebook as talent calculates the cell lysate dilution necessary.
4.2.2. CU:  Cell lysate tubes as they are diluted with MST buffer.
4.3. (Move step 4.3 above step 4.9) Next, select the LED excitation source with wavelength equal to 470 nm on the MST instrument.
4.3.1. Shot 3.1.1 – screen as talent selects LED excitation source = 470nm
4.4. Place 0.5 mL Lobind tubes in the tube rack across from tubes with ligand serial dilution samples.  Carefully add 15 µL of the cell lysate to the bottom of each tube.  Try not to touch tube walls to avoid sample loss.
4.4.1. CU:  Tube rack with ligand serial dilution samples as talent places 0.5 mL Lobind tubes in the tube rack across from tubes.
4.4.2. MED-over the shoulder:  Talent begins to add 15 µL of the cell lysate to the bottom of each tube.  Match action in next shot.
4.4.3. ECU:  Centrifuge tube as talent adds sample in order to show it without touching the tube walls.  
4.5. Add 15 µL of the ligand sample with the highest concentration to the corresponding tube #1 with the cell lysate.  Mix well and change the pipette tip.  Repeat this step with the rest of the tubes except for the last one, which should contain no ligand.
4.5.1. MED-over the shoulder:  Talent adds 15 µL of the ligand sample with the highest concentration to the corresponding tube #1 with the cell lysate.
4.5.2. CU:  Tube with ligand and cell lysate as talent mixes well.
4.5.3. MED:  Talent changes pipette tip and continues to pipette 15 µL of the ligand samples to the corresponding tubes and mixing.
4.6. Add 15 µL of MST buffer to the last tube and mix well.
4.6.1. MED-over the shoulder:  Last tube as talent adds 15 µL of MST buffer to the last tube and mixes well.
4.7. Fill approximately 2/3 of the first capillary with the binding mixture from tube #1… tilt it to move the solution towards the center… and place the capillary on the capillary tray to the position #1.  Repeat this step with the rest of the capillaries.  Capillary ends can be plugged with wax for longer experiments.
4.7.1. CU:  First capillary as talent fills approximately 2/3 with the binding mixture from tube #1, tilts it to move the solution towards the center, and places the capillary on the capillary tray to the position #1.  
4.7.2. MED-over the shoulder:  Talent continues this process for other capillaries.
4.7.3. ECU or CU:  Capillary end as talent plugs with wax.
4.8. [bookmark: _GoBack]Place the tray inside the MST instrument and close the instrument’s door.
4.8.1. MED-over the shoulder:  Talent places the tray inside the MST instrument and closes the door.
4.8b.   Next, select the LED excitation source with wavelength equal to 470 nm on the MST instrument.
4.8b.1   Use Shot 3.1.1 – screen as talent selects LED excitation source = 470nm
4.9. Perform “Find Capillaries” command to let the instrument find the exact positions of the capillaries and measure fluorescence of the samples.
4.9.1. SCREEN:  Screen capture movie as talent performs the “Find Capillaries” command to let the instrument find exact positions of the capillaries and measures the fluorescence of the samples.
4.10. Based on the fluorescence signal intensity, adjust the LED power to bring it into the 400 to 1500 units interval.
4.10.1. SCREEN:  Screen capture movie as talent adjusts the LED power to bring it into the 400 to 1500 units interval.
4.11. Click the “Start” button to perform the thermophoresis experiment.  More than one infrared-laser power can be chosen for the experiment in order to find the optimal temperature gradient for the particular system.  It takes 10 to 12 minutes to run one set of 16 capillaries.
4.11.1. SCREEN:  Screen capture movie as talent clicks the “start” button and performs the thermophoresis experiment.  Then talent brings cursor the infrared-laser power option to show that more than one power can be chosen.
4.12. Collect data from 2 to 3 runs for the same set of capillaries to ensure the reproducibility of the measurements.
4.12.1. MED or WIDE:  Talent continues to collect data on the MST instrument.    
5. Microscale Thermophoresis data analysis
5.1. To begin data analysis, open the Analysis software, and load the project folder.  
5.1.1. MED-over the shoulder:  Talent opens data analysis software and loads the project folder.
5.2. In the appeared “Information Run Viewer” select “collected at a specific IR laser power thermophoretic curves.”  There is an option of opening all thermophoretic traces collected under various conditions at once, and then choosing any curves for analysis by switching them on and off.
5.2.1. SCREEN:  Screen capture movie as talent goes to the “Information Run Viewer” and selects “collected at a specific IR laser power thermophoretic curves.”  Talent uses cursor to show option of opening all thermophoretic traces collected under various conditions at once, and then choosing any curves for analysis by switching them on and off.
5.3. In the “Evaluation Points” graph window, select the “thermophoresis” or “thermophoresis with T-jump.”  Blue and red lines define two regions of the experimental curves that are selected manually for the analysis by the software.  Ensure that blue and red lines are positioned correctly to provide for the maximal change in thermophoresis.  
5.3.1. SCREEN:  Screen capture movie as talent selects the “thermophoresis” or “thermophoresis with T-jump” in the “Evaluation Points” graph window.  Talent adjusts the position of the blue and red lines to provide for the maximal change in thermophoresis. 
5.4. To obtain the averaged points with standard deviations, select “Use Average” or “Distinguish runs” for separate runs.
5.4.1. SCREEN:  Screen capture movie as talent selects the “Use Average” or “Distinguish runs” for separate runs. 
5.5. To plot a dissociation constant fit, select “Use Average”… enter and fix the labeled molecule concentration value… and fit the curve.  The binding dissociation constant, or KD, value with its standard deviation appears in a separate information pop-up window. 
5.5.1. SCREEN:  Screen capture movie as talent selects “Use Average,” enters and fixes the labeled molecule concentration value, and fits the curve.  The KD value appears in a separate information pop-up window.
5.6. Save the average fit data in a text file and transfer to Excel.
5.6.1. MED-over the shoulder:  Talent saves the average fit data in a text file and transfers to Excel.
6. Results:  Measuring the affinity of non-phosphorylated STAT3 protein binding to oligonucleotides
6.1. HEK293 cells expressing STAT3-GFP (pronounced “stat three G F P”) were used as a source of fluorescently labeled STAT3 for a DNA binding assay.  Binding of highly charged oligonucleotides resulted in significant changes in STAT3 mobility in the temperature gradient.
6.1.1. LAB MEDIA:  Figure 2 – authors, please include protein name on the figure
6.2. Thermophoretic signal is plotted as a function of oligonucleotide concentration.  Each data point represents the mean of three measurements.  NanoTemper Analysis software was used to fit the data and to determine the apparent KD values.
6.2.1. LAB MEDIA:  Figure 3 – authors, please include protein name on the figure
6.3. The apparent dissociation constants were 37.9 plus or minus 1.0 mM for binding to the GAS motif (pronounced “gas”), and 23.3 plus or minus 0.6 mM for binding to the AT-rich oligonucleotide S+100 (pronounced “S plus one hundred”).  Surprisingly, S+100 sequences displayed slightly tighter binding than GAS in three measurement repetitions.  
6.3.1. LAB MEDIA:  Figure 4.  Editors, please highlight “GAS:  KD = 37.9 + 1.0 μM” as narrated and “S+100:  KD = 23.3 + 0.6 mM” as narrated.  Next, highlight the curve made from the red squares as “S+100 sequences” is narrated, and finally highlight the curve made from the green triangles as “GAS” is narrated.
6.4. Substitution of A-to-G resulted in a dramatic decrease in affinity of the S+100 mutant 1, while the S+100 mutant 2 showed no detectable binding, thus confirming sequence-selective binding of STAT3 to S+100.  
6.4.1. LAB MEDIA:  Figure 4.  Editors, please highlight the curve made from the blue diamonds as “S+100 mutant 1” is narrated.  Then highlight the curve made from the yellow circles as “S+200 mutant 2” is narrated.  


INSTRUCTIONS FOR AUTHORS:
Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown
5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    
        uninjected control at 48 hours post fertilization looks normal, as expected 
        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms
                     containing the first of two EGF-like repeats, exhibit brain edema.
	        -LAB MEDIA: 0123_PIname_Figure2.tif	

5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 
        the heads of the uninjected controls look normal 
        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     
                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:
http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj



7. Conclusion (said by authors on camera)
7.1. Samuel Pritt:  Once mastered, this technique can be done in less than 2 hours if it is performed properly.
7.1.1. MED:  Samuel speaks toward camera, interview style.
7.2. Nadya Tarasova:  While attempting this procedure, it’s important to remember that optimal conditions for extraction of membrane proteins for MST studies will differ for different proteins, and usually require optimization.  
7.2.1. MED:  Nadya speaks toward camera, interview style.
7.3. Lyuba Khavrutskii:  After watching this video, you should have a good understanding of how to determine the binding affinity of a protein to a ligand without purifying the protein from the cell lysate.
7.3.1. MED:  Lyuba 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, 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.

Graphic overview-JoVE.psd

Figure 2 – authors, please include protein name on the figure
Figure 3 – authors, please include protein name on the figure 
Figure 4
SCREEN Capture Movies
50541_Tarasova_SCREEN_4.9.1:  Screen capture movie as talent performs the “Find Capillaries” command to let the instrument find exact positions of the capillaries and measures the fluorescence of the samples.
50541_Tarasova_SCREEN_4.9.2:  Screen capture movie as talent adjusts the LED power to bring it into the 400 to 1500 units interval.
50541_Tarasova_SCREEN_4.9.3:  Screen capture movie as talent clicks the “start” button and performs the thermophoresis experiment.  Then talent brings cursor the infrared-laser power option to show that more than one power can be chosen.
50541_Tarasova_SCREEN_5.2.1:  Screen capture movie as talent goes to the “Information Run Viewer” and selects “collected at a specific IR laser power thermophoretic curves.”  Talent uses cursor to show option of opening all thermophoretic traces collected under various conditions at once, and then choosing any curves for analysis by switching them on and off.
50541_Tarasova_SCREEN_5.3.1:  Screen capture movie as talent selects the “thermophoresis” or “thermophoresis with T-jump” in the “Evaluation Points” graph window.  Talent adjusts the position of the blue and red lines to provide for the maximal change in thermophoresis. 
50541_Tarasova_SCREEN_5.4.1:  Screen capture movie as talent selects the “Use Average” or “Distinguish runs” for separate runs. 
50541_Tarasova_SCREEN_5.5.1:  Screen capture movie as talent selects “Use Average,” enters and fixes the labeled molecule concentration value, and fits the curve.  The KD value appears in a separate information pop-up window.




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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