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[bookmark: BackToTop]A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N 
B.   Does your protocol include detailed, step-by-step descriptions of software usage? (Y/N) Y
[bookmark: BackToQues]We will need you to use screen recording software to capture those steps. If you use a Mac, QuickTime X also has the ability to record the steps. Please see the Screen Capture Footage Instructions section for more information.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps by their scripted protocol numbers.
Steps 2.2, 2.6, 2.8, 2.9, 2.14, 3.3
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1-2 individual steps by their scripted protocol numbers.
Steps 3.6, 3.7: 3.6 and 3.7 are the most important steps, which ensure optimal data quality.
E.  Will the filming need to take place in multiple locations? (Y/N) N

1. Introduction (Experimental Goal and Author Interviews)

A. Experimental Goal (read by voice talent at JoVE)

The overall goal of this experiment is to characterize DNA aptamer-small molecule interactions, including binding site mapping, using MicroScale Thermophoresis. (Intro)

B.  Required Interview Statements (Said by you on camera. Don’t forget to smile!)  
1.1. Thomas Schubert: This method can help answer key questions on basic binding parameters of molecular interactions.
1.2. Thomas Schubert: The main advantage of this technique is that it is independent of interaction partner size, allowing quality-controlled data of challenging molecular interactions between aptamers and small molecules to be obtained.

C.  Optional Interview Statements (Said by you on camera. Don’t forget to smile!)  
1.3. Clemens Entzian: Though this method can provide insight into aptamer-small molecule interactions, it can also be applied to other molecular interactions, such as drug-target or antigen-antibody interactions.
[bookmark: IntroStatements]
[bookmark: Protocol]Protocol (read by voice talent at JoVE)
2. MicroScale Thermophoresis (MST) Preparation
2.1. To begin the procedure, prepare a 100 µM stock solution of the Cy5-labeled DNA DH25.42 aptamer in distilled water. [1-WIDE-TXT]
2.1.1. Talent mixing stock solution of Cy5-labeled DH25.42 in water. (TEXT: 5-Cy5-CCTGGGGGAGTATTGCGGAGGAAGG-3 (DH25.42))
2.2. Then, dilute the aptamer stock solution to 200 nM with binding buffer. [1-MED-TXT]
2.2.1. Talent adds binding buffer (from a clearly labeled container) and stock solution to a tube/vial labeled with the final concentration and mixes them. (TEXT: Binding buffer: 20 mM Tris, pH 7.6; 300 mM NaCl; 5 mM MgCl2; 0.01% Polysorbate 20)
2.3. Incubate the aptamer working solution for 2 minutes at 90 °C. [1-MED-Over shoulder] Cool the solution to room temperature on ice. [2-MED]
2.3.1. Talent places the working solution in an incubator, with temperature readout visible.
2.3.2. Talent places the solution on ice to cool.
2.4. Next, label and set out low-binding, 200-µL microcentrifuge tubes [1-MED-Over shoulder] for a 16-step serial dilution of the ligand to be tested. [2-MED]
2.4.1. Talent labeling and setting out the first few microcentrifuge tubes for the serial dilution.
2.4.2. Talent sets the sixteenth microcentrifuge tube in the rack/tray.
2.5. Pipette 20 µL of a 10 mM stock solution of ligand in binding buffer into tube 1. [1-MED-Over shoulder] Pipette 10 µL of binding buffer [2-MED] into tubes 2 through 16. [3-MED]
2.5.1. Talent pipettes stock solution from a labeled container into tube 1.
2.5.2. Talent pipettes binding buffer from a labeled container into tube 2.
2.5.3. Talent pipettes binding buffer from a labeled container into tube 16.
2.6. Then, transfer 10 µL of ligand stock from tube 1 to tube 2 and mix well with the pipette. [1-CU] Transfer 10 µL of the diluted mixture to tube 3 and mix well. [2-CU]
2.6.1. Talent transfers ligand stock from tube 1 to tube 2 and pipettes the mixture up and down.
2.6.2. Talent transfers the diluted mixture from tube 2 to tube 3 and pipettes the mixture up and down.
2.7. Continue the serial dilution in this way, correcting for buffer dilution effects if needed, [1-MED] and discard the excess 10 µL from tube 16 when finished. [2-MED-Over shoulder]
2.7.1. Talent pipettes mixture from tube 8 to tube 9 and mixes.
2.7.2. Talent pipettes mixture from tube 15 to tube 16, mixes, and removes 10 µL of the mixture.
2.8. Add 10 µL of the aptamer working solution to each dilution and mix well with a pipette. [1-CU] Incubate the samples for 5 minutes at room temperature. [2-MED]
2.8.1. Talent adds aptamer working solution from its labeled container to one of the dilutions and pipettes the mixture up and down.
2.8.2. Talent sets the samples aside to incubate.
2.9. Then, draw each mixture into a clean, standard capillary, being sure to only touch the capillary at the ends. [1-CU] Place the capillaries in the tray holder in descending order of concentration. [2-MED]
2.9.1. Talent dips the capillary into the first tube and allows it to fill. Show that the capillary is being held only by the end.
2.9.2. Talent places the capillary in the first position in the tray holder.
2.10. Start the MST device and open the instrument control software. [1-MED] Enable manual temperature control and set the instrument temperature to 25 °C. [2-SCREEN]
2.10.1. Talent turns on the instrument and opens the MST control software.
2.10.2. *To be provided by authors: Screen capture footage of “enable manual temperature control” being selected and the temperature being set to 25 °C.
2.11. Once the instrument is at the correct temperature, insert the capillary tray. [1-MED-Over shoulder]
2.11.1. Talent inserts the capillary tray into the MST instrument.
2.12. Set the LED channel to ‘red’ for the Cy5-labeled aptamer. [1-SCREEN] Set the LED power to attain a fluorescence signal of 500 units. [2-SCREEN]
2.12.1. *To be provided by authors: Screen capture footage of the LED channel being set to “red”.
2.12.2. *To be provided by authors: Screen capture footage of the LED power being set.
2.13. Then, perform a capillary scan to obtain the capillary positions [1-SCREEN] and check the sample quality. [2-SCREEN]
2.13.1. *To be provided by authors: Screen capture footage of the capillary position being selected and “start cap scan” being clicked.
2.13.2.  *To be provided by authors: Screen capture footage of the capillary scan running.
2.14. If the resulting peaks are U-shaped or flattened, prepare new samples in coated capillaries to minimize sticking effects. [1-LMSCREEN] If the peaks are of uneven heights, centrifuge the ligand solutions to remove aggregates and prepare new samples in capillaries. [2-LMSCREEN]
2.14.1. Figure 3 new.png, highlight upper left panel (A) *To be provided by authors: Screen capture footage/a screenshot of an example capillary scan showing sticking effects. (Video Editor: Authors indicated they could provide the screenshots as requested, but that it may be better to instead show Figure 3 from the MS. In the figure, comparison between capscan with and without sticking as well as MST time traces with and without aggregates are shown. In the screenshot they think the comparison would be less possible/useful.)  
2.14.2. Figure 3 new.png, highlight upper right panel (B) *To be provided by authors: Screen capture footage/a screenshot of an example capillary scan showing uneven peak heights. (Video Editor: see comment above)
3. EC50 Determination by MST Measurements
3.1. In the MST instrument software, fill in the ligand concentration and dilution type for the first capillary. Click and drag to fill in the concentrations and dilutions for the remaining capillaries. [1-SCREEN]
3.1.1. *To be provided by authors: Screen capture footage of ligand concentration and dilution type being filled in for the first capillary, and then clicking and dragging to fill down the concentrations and dilutions for the other capillaries.
3.2. Enter the concentration of the aptamer in the final mix. [1-SCREEN] Ensure that the experiment method is set to detect fluorescence for 5 seconds, record the MST for 30 seconds, and then record the fluorescence for 5 seconds after turning off the laser. [2-SCREEN]
3.2.1. *To be provided by authors: Screen capture footage of the aptamer working final solution concentration being filled in.
3.2.2. *To be provided by authors: Screen capture footage of the settings screen showing the fluorescence and thermophoresis recording settings. Indicate each setting with the cursor.
3.3. Set the laser power to 20%. [1-SCREEN] Set the file path and save the experiment file. Then, start the MST measurement. [2-SCREEN] Obtain at least three measurements in this way. [3-MED-Over shoulder]
3.3.1. *To be provided by authors: Screen capture footage of the laser power being set.
3.3.2. *To be provided by authors: Screen capture footage of the file path being set and the experiment file being saved, and then clicking “Start MST measurement” to start recording data.
3.3.3. Talent monitoring the software as the measurement runs.
3.4. To begin data analysis, open the MST analysis software and load the experiment file. [1-MED-Over shoulder] Select “MST” for the analysis type. [2-SCREEN]
3.4.1. Talent opens the software and loads the file.
3.4.2. *To be provided by authors: Screen capture footage of “MST” being selected in the data selection menu.
3.5. If all of the measurements were of the same capillary, add the second and third measurements to the analysis as technical runs. [1-SCREEN] Otherwise, add the remaining measurements as biological runs. [2-SCREEN]
3.5.1. *To be provided by authors: Screen capture footage of additional measurements being added to the analysis and labeled as technical runs.
3.5.2. *To be provided by authors: Screen capture footage of additional measurements being added to the analysis and labeled as biological runs.
3.6. Click the information button under the first measurement. [1-SCREEN] Inspect the MST traces for bumps or spikes indicating aggregation or precipitation effects. [2-SCREEN]
3.6.1. *To be provided by authors: Screen capture footage of the information button being clicked.
3.6.2. *To be provided by authors: Screen capture footage of the MST traces. Use the cursor to point out bumps/spikes or the lack thereof.
3.7. Then, inspect the capillary scan and capillary shape overlay for flattened or U-shaped peaks indicating sticking or adsorption effects. [1-SCREEN]
3.7.1. *To be provided by authors: Screen capture footage of the capillary scan and shape overlay results, using the cursor to point out areas of interest on the scans.
3.8. Thomas Schubert: As aggregates and adsorption effects are rapidly detectable in MST, this method allows for easy and fast optimization of the technical setup to ensure optimal data quality. [1-MED]
3.8.1. Talent speaks towards the camera, interview style.
3.9. Check for ligand-dependent fluorescence quenching or enhancement effects in the capillary scan and initial fluorescence. [1-SCREEN] Inspect the fluorescence change over time for signs of photobleaching or photoenhancement. [2-SCREEN]
3.9.1. *To be provided by authors: Screen capture footage of the capillary scan and initial fluorescence, using the cursor to point out areas of interest.
3.9.2. *To be provided by authors: Screen capture footage of the fluorescence scan. Use the cursor to point out the photobleaching rate.
3.10. Once the data quality has been verified, switch to the dose-response mode. Select the “expert” analysis setting and the “T-jump” MST evaluation strategy. [1-SCREEN]
3.10.1. *To be provided by authors: Screen capture footage of the software being switched to dose-response mode, the “expert” analysis setting being chosen, and the “T-jump” MST evaluation strategy being selected.
3.11. Then, select the “Hill” model for curve fitting to automatically calculate the binding parameters. [1-SCREEN]
3.11.1. *To be provided by authors: Screen capture footage of the “Hill” model being selected and the binding parameters being calculated.
3.12. In the “compare results” menu, select a normalization type. [1-SCREEN] Export the normalized data as a spreadsheet or PDF file. [2-MED-Over shoulder]
3.12.1. *To be provided by authors: Screen capture footage of a normalization type being selected in the “compare results” menu.
3.12.2. Talent opening the exported data in a spreadsheet viewer/pdf viewer.
[bookmark: ScreenCaptureFootageInstructions]SCREEN CAPTURE FOOTAGE INSTRUCTIONS
Authors: If a shot is listed as [#-SCREEN], you will need to make a movie file of the described actions using screen capture software installed on the computer or run from a USB drive. Software options include Rylstim Screen Recorder, CamStudio, Snagit, or Quicktime X.

Make one file per [#-SCREEN] containing only the requested actions. Do not bundle several action sequences into one large file. Name each file according to the shot number (see Provided Media for more information) and upload the files to your project folder: http://www.jove.com/account/file-uploader?src=16796398

Back to Questionnaire
4. Results: Characterization of the Binding Site of the DH25.42 DNA Aptamer on ATP
4.1. In this procedure, MST was used to investigate the binding interactions of a single-strand DNA aptamer with a selection of small molecule ligands. The MST curves were fit with the Hill equation, and the half maximal effective concentration values were determined. [1-LM]
4.1.1. 4.1.1 55070_Schubert-Figure2D.tif: During “a selection…ligands”, highlight the labels on the x-axis. During “half maximal effective concentration values”, highlight the boxed numbers in each bar on the plot.
4.2. In five independent biological repeat measurements of the aptamer with ATP, the ATP-aptamer interaction showed a negative binding amplitude of 6 to 13 units and an average EC50 value of about 52.3 µM. [1-LM]
4.2.1. 4.2.1 55070_Schubert-Figure2A.tif: During “negative…units”, highlight the horizontal band of the graph spanning y = -6 to y = -13. During “average…52.3 µM”, place a vertical line on the graph at about x = 52 (x-axis is logarithmic).
4.3. The data for each ligand was normalized to the fraction of bound molecules and then compared. [1-LM] The EC50 values for ADP, AMP, and SAM compared to ATP suggest that the number of phosphate groups has at most a minor influence on the aptamer binding behavior. [2-LM]
4.3.1. 4.3.1 55070_Schubert_Figure2C.tif: During “normalized…molecules”, highlight the y-axis label (fraction bound).
4.3.2. 4.1.1 55070_Schubert-Figure2D.tif: During “ADP, AMP, and SAM”, highlight the boxed numbers in the ADP, AMP, and SAM bars. During “compared to ATP”, highlight the boxed number in the ATP bar. During “the number…binding behavior”, box/shade the left ‘arm’ of each of the four leftmost diagrams above the bar plot.
4.4. Removal of the ribose C2 hydroxyl group also showed only a minor effect on the aptamer binding affinity. [1-LM] The aptamer did not bind in the absence of a purine group or if the purine group was changed to guanine. [2-LM] The aptamer did bind to adenine alone, further indicating that the adenine group is the main binding site for the aptamer. [3-LM]
4.4.1. 4.1.1 55070_Schubert-Figure2D.tif: During “Removal…group”, box/shade the right lower “OH” group on the pentagonal ring of the leftmost diagram and the corresponding empty space in the diagram fifth from the left.
4.4.2. 4.1.1 55070_Schubert-Figure2D.tif: During “in the absence of a purine group”, highlight the boxed number above CTP. During “if…guanine”, highlight the boxed number above GTP.
4.4.3. 4.1.1 55070_Schubert-Figure2D.tif: During “The aptamer did bind to adenine”, highlight the boxed number in the Adenine bar. During “the adenine…aptamer”, highlight the green shaded areas of the diagrams.
5. Conclusion (Said by you on camera. Don’t forget to smile!)
5.1. Thomas Schubert: Once mastered, this technique can provide essential information on binding parameters in minutes to hours if it is performed properly.
[bookmark: ProvidedMedia]PROVIDED MEDIA
Authors: Name new or modified files with the scheme 01234_PIname_Figure1.tif, where 01234 is your JoVE video ID and PIname is the corresponding author’s surname. Specify the step or steps where each file will be used. If the file is not based on an existing figure, please provide a short description. For example:

6.2 –  01234_PIname_Figure1.tif - dual color imaging of tumor angiogenesis at 40X
6.2 –  01234_PIname_Figure2.tif - dual color imaging of tumor angiogenesis at 100X

Formats: For static images, we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files with dimensions of at least 720 x 480 pixels and 300 dpi – the higher resolution, the better. Movie files should have at minimum these dimensions and be rendered as .mov, .mp4, or .avi files.

Upload each file to your project folder: http://www.jove.com/account/file-uploader?src=16796398

Please list all images, tables, movie files, or 3D-rendered animations that have been prepared for inclusion in the video below:

Authors: List your media filenames here.

4.1.1. 55070_Schubert-Figure2D.tif
4.2.1. 55070_Schubert-Figure2A.tif
4.3.1. 55070_Schubert-Figure2C.tif

Back to Screen Capture

General Preparation

Please review all steps using solutions or reagents that are not prepared during the filmed protocol. It’s critical for a smooth and organized shoot that all reagents are prepared and labeled in advance and on hand at the start of filming.

For any long incubation or reaction times in your procedure, prepare the specimens or samples in advance. After filming the preparation steps, shooting will continue with the pre-prepared specimens/samples.

All tubes/flasks should be labeled neatly before we arrive. (ex. Luciferase assay done in 96-well plates has negative/positive control wells and experimental samples labeled accordingly)

You will receive more detailed preparation instructions in the email accompanying the finalized script. Please see JoVE’s FAQ at http://www.jove.com/author/submission-faq if you have further questions.
 2016, Journal of Visualized Experiments

