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Authors, please answer C and D in the brief questionnaire below.   

A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)__N_______  
Can you record movies/images using your own microscope camera? (Y/N)___N.A.______  
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: N.A._____________________________________________
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__Y______ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.):
steps 2.2-2.3 (coating of receptor); steps 3.2-3.4 (serial dilution of ligand); step 4.2 (adding the ligand); steps 4.5-4.7 (fixation); step 5.1 or 5.4 (addition of detecting antibody); steps 5.6-5.10 (detection).
Optional steps: steps 2.5 (washing); step 2.6 (blocking);
Steps for OBS: steps 6.1-6.6; and animated figure: 7.1-7.2 (animated Fig.2)
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 using the step numbers listed in this document. (Please do not list entire sections.) ______steps 3.2 and 4.1_____________________
E.  Will the filming need to take place in multiple locations? (Y/N) _Y______ If yes, how far apart are the locations? _ One setting is in the lab bench and ELISA reader, the other one is at a computer at the office. Both locations are in the same department about 20 meters apart.

1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

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

The overall goal of this titration ELISA is to determine the affinity constant of two binding partners in a reproducible and efficient manner, using a novel algorithm. (Intro)  


B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Johannes Eble: This method can help answer key questions not only in the field of protein-ligand-interaction and receptor research, but also in applied life sciences, such as pharmaceutical research and pharmacology.
1.2. Johannes Eble: The main advantage of this technique is that the affinity of a protein-ligand interaction can be determined by titrating a receptor with a ligand on an ELISA plate and by using a novel algorithm. 

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!) 

N.A.  

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. **Johannes Eble: Felix Schmalbein, a technical assistant from my laboratory will be assisting me in demonstrating the procedure.
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.


Note to videographer:  this shot is only necessary if the author decides to have the technician appear on camera during the shoot.










Protocol: (read by voice talent at JoVE)

2. Immobilization of the Receptor (Integrin α2A-Domain) to a Microtiter Plate

2.1. Begin this procedure by diluting the stock solution of integrin α2A-domain to a final concentration of 5 µg/mL in TBS MgCl2 buffer. (Voiceover: “T.B.S. magnesium chloride buffer’) [1-MED-TXT] Both a wild-type and a mutant integrin α2A-domain will be used in this demonstration. [2-CU]

2.1.1. Talent pipetting wild-type integrin α2A-domain into a tube and then adding TBS MgCl2 buffer to the tube to 5 µg/mL.  TEXT: TBS MgCl2 buffer = TBS pH 7.4 + 2 mM MgCl2
2.1.2. Mutant integrin α2A-domain being diluted to 5 µg/mL with buffer.

2.2. Fill each well of a row on a half area-microtiter plate with 50 µL of the integrin α2A-domain coating solution. [1-CU] Perform every titration row at least in duplicates; in this example every titration row is performed as quadruplets. [2-CU]

2.2.1. Talent pipetting 50 µL of coating solution of wild-type integrin α2A-domain into each well of the top half of a 96-well plate.
2.2.2. Talent pipetting 50 µL of coating solution of mutant integrin α2A-domain into each well of the bottom half of the same 96-well plate.

2.3. Seal the plate with foil [1-CU] and leave the plate at 4 °C overnight. [2-MED-TXT]

2.3.1. *film as written.
2.3.2. Talent putting the sealed 96-well plate into the fridge. TEXT: 4 °C; overnight

2.4. On the following day, remove the coating solution and fill each well with 50 µL of TBS MgCl2 buffer. [1-MED]

2.4.1. Talent removing the coating solution by tossing it into a deep tray for liquid waste and then adding 50 µL of TBS MgCl2 buffer to each well.

2.5. Remove the wash solution and fill the wells with new wash solution.  The washes will remove soluble receptor molecules, which have not been immobilized to the plastic surface by physical adsorption. [1-MED]

2.5.1. Talent removing the wash solution by tossing it into a beaker for liquid waste and then adding TBS MgCl2 buffer to each well. Video editor: 2.4.1. can also be used here. Multiple takes of 2.4.1. were taken.

2.6. The next step is to block nonspecific binding sites by adding 50 µL of 1% BSA solution in TBS MgCl2 buffer to each well. [1-CU]

2.6.1. 50 µL of 1% BSA solution being added to each well of the 96-well plate (after the wash solution has been removed).

2.7. Reseal the plate with foil and incubate at room temperature for 1 hour. [1-MED-TXT]

2.7.1. Talent sealing the plate with foil and then setting the sealed plate aside at room temperature.  Please get multiple usable takes; shot will be repeated later. TEXT:  RT; 1 h

3. Preparation of a Serial Dilution Row of the Ligand (Rhodocetin)

3.1. While the wells of the microtiter plate are being blocked with BSA, prepare a serial dilution of the ligand, Rhodocetin. [1-MED] A start concentration of 243 nM rhodocetin and a dilution factor of 2.3 are used in this case. [2-CU] 

3.1.1. Talent setting out rhodocetin stock solution, 1% BSA in TBS MgCl2 and a rack with 11 test tubes.
3.1.2. Talent labeling the test tubes from #1 - #11.

3.2. For the eight titration curves in this experiment, prepare 920 µL of rhodocetin solution at the highest concentration in 1% BSA in TBS MgCl2 in test tube number 1. [1-CU-TXT] 

3.2.1. Rhodocetin stock solution being pipetted into test tube #1 followed by 1% BSA in TBS MgCl2 to obtain desired concentration. TEXT: 115 µL per titration curve.

3.3. Pipet 520 µL of 1% BSA solution in TBS MgCl2 into each of the other 10 test tubes, labeled 2 through 11. [1-CU]

3.3.1. *film as written.

3.4. Transfer 400 µL of the rhodocetin solution from test tube 1 to test tube 2, mix both solutions by trituration, and then transfer 400 µL from this mixture to test tube 3. [1-CU] Continue this serial dilution until test tube 11. [2-MED]

3.4.1. *film as written.
3.4.2. *film as written.

4. Binding of Ligand at Different Concentrations to Immobilized Receptor

4.1. Johannes A. Eble: “For the success of this protocol, it is important to always fill each well quickly with solution to make sure the wells do not dry out.” [1-INTERVIEW]

4.1.1. Talent speaking to camera.

4.2. At the completion of the one-hour incubation, remove the blocking solution from the microtiter plate wells. [1-MED] Immediately add 50 µL of the rhodocetin solution from test tube 1 into the wells of column 1, the solution from test tube 2 to the wells of column 2, and continue through column 11. [2-CU]

4.2.1. Talent using a vacuum line to remove the blocking solution from the microtiter plate wells.
4.2.2. *film as written.

4.3. Add 50 µL of 1% BSA in TBS MgCl2 as a ligand-free control to the wells of column 12. [1-MED] 

4.3.1. *film as written.

4.4. Reseal the plate with foil and incubate at room temperature for 1.5 hours. [1-TXT]

4.4.1. Use shot from 2.7.1.  TEXT: RT; 1.5 h

4.5. To remove non-bound ligand molecules, remove the binding solution and fill each well with 50 µL of HBS MgCl2 buffer. [1-MED-TXT] Then remove the HBS buffer and add new HBS buffer. [2-CU] 

4.5.1. *film as written. TEXT: HBS MgCl2 = HBS pH 7.4 + 2 mM MgCl2
4.5.2. *film as written.

4.6. To chemically fix the receptor and bound ligand, fill each well of the microtiter plate with 50 µL of a 2.5% glutaraldehyde solution in HBS MgCl2 buffer. [1-CU] Incubate the microtiter plate at room temperature for 10 minutes. [2-MED]

4.6.1. *film as written. Author note: This step is unique in the protocol. So, it was taken once and cannot be used in a future shot.
4.6.2. Talent setting aside the plate at RT. Please get multiple usable takes; shot will be repeated later.

4.7. Remove and inactivate excess glutaraldehyde by removing the fixation solution and filling each well with 50 µL of TBS MgCl2 buffer. [1-CU] Remove the wash buffer and add new wash buffer to each well. [2-MED-TXT] 

4.7.1. *film as written. TEXT: Wash 3x with TBS MgCl2 buffer Author comment: This step „washing 3x with TBS/MgCl2 comes three times within the protocol (cf. 5.3.1 and 5.5.1) and can be taken repetively in the video of the whole procedure. 
4.7.2. *film as written. 

5. Quantification of Receptor-bound Ligand by ELISA

5.1. To begin this assay, remove the wash buffer from all wells of the microtiter plate and add to each well 50 µL of the primary antibody solution diluted 1:2,000 in 1% BSA TBS MgCl2. [1-MED-TXT] Reseal the p[late and incubate it at room temperature [TXT].

5.1.1. Talent removing wash buffer from all wells of the microtiter plate (from 4.7) and then adding primary antibody solution to the wells.  TEXT: Primary antibody: rabbit antiserum raised against rhodocetin
5.1.2. Talent seals the plate and incubates it. TEXT: RT; 75-90 min

5.2. Incubate the plate at room temperature for 75 to 90 minutes. [1-TXT]

5.2.1. Use shot from 4.6.2. 

5.3. Remove the primary antibody solution from all wells and add to each well 50 µL of TBS MgCl2 buffer. [1-MED] Wash 3 times with TBS MgCl2 buffer. [2-CU]

5.3.1. *film as written.
5.3.2. Wash buffer being removed from all wells and then new wash buffer being added to all wells.  Please get multiple usable takes; shot will be repeated later. Author comment: This step is identical tot he scene 4.7.1. Hence, the scene 4.7.1 can be used here.

5.4. Next, add to each well 50 µL of the secondary antibody solution diluted 1:2,000 in 1% BSA in TBS MgCl2. [1-CU-TXT]. Reseal the plate and leave it standing at room temperature [TXT].

5.4.1. Secondary antibody solution being added to each well.  TEXT:  Secondary antibody: rabbit immunoglobulin-targeting goat antibodies conjugated with alkaline phosphatase
5.4.2. Talent reseals the plate and leaves it standing at room temperature TEXT:  RT; 75-90 min

5.5. Incubate the plate at room temperature for 75 to 90 minutes. [1-TXT]

5.5.1. Use shot from 4.6.2. 

5.6. Remove the secondary antibody solution from the wells and add to each well 50 µL of TBS MgCl2 buffer.  [1-CU] Wash 3 times. [2] After the third wash, tap the microtiter plate onto a tissue cloth to remove all traces of liquid. [3-CU]

5.6.1. *film as written.
5.6.2. Use shot from 5.3.2. Author comment: These steps are identical to scene 4.7.1 (or 5.3.1.). So, you may reuse the scene 4.7.1 for this step.
5.6.3. Talent removing 3rd wash solution and then tapping the microtiter plate onto a tissue cloth.

5.7. Using a multi-channel pipette, promptly add 50 µL of the alkaline phosphatase-detecting solution to each well of the microtiter plate to start the enzymatic conversion as simultaneously as possible. [1-MED]

5.7.1. *film as written.

5.8. Incubate the plate at room temperature until the solution in the wells with the highest ligand concentration turns yellow. [1-MED-TXT] Depending on signal intensity, the incubation time may vary between 5 minutes and 1 hour. [2-CU]

5.8.1. Talent setting aside the plate at RT. 
5.8.2. Shot of a plate after the wells with the highest ligand concentration turns yellow. INSTEAD: a series of photos were taken to record the increase of color intensities over time.
Author comment: As we did the experiment with two plates, we took the additional scene 5.8.2-1 with several takes (a series of photos, again), with the ELISA plate on a WHITE piece of paper to see the color change even clearer. I would prefer this scene 5.8.2-1 as the color change is visible much nicer.
5.9. Stop the conversion of the phosphatase substrate by using a multi-channel pipette to add 50 µL of a 1.5 M sodium hydroxide solution to each well, in the same order the alkaline phosphatase-detecting solution was added. [1-CU] Leave the plate for several minutes to ensure streak-free mixing of both solutions. [2-MED]

5.9.1. *film as written.
5.9.2. Talent setting aside the plate at RT.  

5.10. Measure the optical density at 405 nm of each well using an ELISA reader. [1-MED]

5.10.1. Talent at the plate reader, loading the plate. Author comment: I think, this scene was taken in two takes which are meant to be combined: Take#1: inserting the plate into the ELISA reader and start the measurement; take#2: screen shot of the monitor of the ELISA reader with the raw data and their being imported into an excel spreadsheet.

6. Evaluation of the Titration Signals

6.1. Start the data analysis by opening the table of raw data. [1-MED] Transpose the optical density at 405 nm values into a column format and label with the concentrations of added ligand in another column. [2-SCREEN CAPTURE]

6.1.1. Talent at the computer opening the table of raw data with Excel and marking the table for copying them into the clipboard..
6.1.2. Screen capture of OD405nm values being transposed to a column and the corresponding concentrations of ligands transposed to another column. Author comment: The screen capture scenes 6.1.2, 6.2.2., 6.4.1., 6.5.1. and 6.6.1 are included into the OBS-based video “6.1-6.6 - 57334 video Evaluation of Data”, which I have uploaded onto the corresponding webpage for submission of JoVE.

6.2. Open GraphPad Prism 5, open a new project file in the main menu, [1-MED] and under ‘New data and graph’ choose the XY format. Choose the option ‘Enter and plot a single point for each value’ for the Y-axis. [2-SCREEN CAPTURE]

6.2.1. Over the shoulder shot of talent opening GraphPad Prism 5 and opening a new project file.
6.2.2. Screen capture of XY format being selected under ‘New data & graph’ and ‘Enter and plot a single point for each value’ being selected for the Y-axis.

6.3. Copy the columns from the Excel file and paste them into the data sheet of GraphPad Prism as X and Y values, respectively. [1-SCREEN CAPTURE]

6.3.1. Screen capture of concentration of added ligand and signal values columns being copied from Excel file and pasted into GraphPad Prism file.

6.4. Open the ‘Analysis’ sub-program and under ‘XY-analysis’ choose the option ‘Non-linear regression’. Choose ‘user-defined equation’ and press the ‘New button’ to create a new equation. [1-SCREEN CAPTURE]

6.4.1. Screen capture of ‘Analysis’ sub-program of GraphPad Prism being opened, ‘Non-linear regression’ selected, ‘user-defined equation’ selected, and ‘New button’ selected.

6.5. Type the titration curve equation into the newly opened template sheet and define the appropriate constraints. [1-SCREEN CAPTURE]

6.5.1. Screen capture of titration curve equation “Y=(Smax-Smin)*((X+R+K)-sqrt((X+R+K)^2-4*R*X))/(2*R)+Smin + B*X” being typed  into the newly opened template sheet. Add the appropriate initial values and appropriate constraints being defined i.e., K > 0 and R > 0

6.6. Analyze the values of the data sheet by choosing the newly created user-defined equation. Open the table with the calculated approximation values, which are shown under the ‘Result’ section on the left side of the software screen. [1-SCREEN CAPTURE]

6.6.1. Screen capture of newly created user-defined equation being chosen and the table with the calculated approximation values (K, Rt, Smax, Smin and B) being opened.

7. Results: Rhodocetin binds with lower affinity to mutant Integrin α2A-Domain

7.1. In this representative microtiter plate for a titration ELISA, the yellow color of the converted alkaline phosphatase substrate indicates that the amount of bound rhodocetin ligand decreases with decreasing concentrations of added rhodocetin. [1-LM] The lack of color in the rhodocetin-free wells indicates a low background signal. [2-LM]  

7.1.1. 57734 Eble Figure 1 - microtiter plate after color development.tif.  Circle numbers 1 through 11.  
7.1.2. 57734 Eble Figure 1 - microtiter plate after color development.tif.  Circle the wells in column 12.

7.2. A novel algorithm processes the raw data from photometric quantification at 405 nm to calculate the signal as a function of the total concentration of added rhodocetin. [1-LM] The four titration curves for each receptor form, wild-type and mutant, are highly reproducible and almost superpose each other. In contrast, the two groups of titration curves are clearly separated from each other. The titrations curves of the mutant α2A-domain are shifted to higher rhodocetin concentrations indicating that rhodocetin binds with lower affinity to the mutated receptor. [2-LM]

7.2.1. 57734 Eble Figure 2 – plot of titration curves.TIF
7.2.2. 57734 Eble animated Figure 2.avi

7.3. The dissociation constants of the eight titration curves were plotted and grouped for the wild-type and mutant form of α2A-domain. The affinity constant for the binding of rhodocetin to the wild-type α2A-domain is 5.80 ± 0.15 nM, whereas rhodocetin binds to the mutated receptor with a significantly lower affinity of 9.68 ± 0.18 nM. [1-LM]

7.3.1. 57734 Eble Figure 3 – comparison of K values.tif


8. Conclusion (said by authors on camera)
Video editor: This has too many conclusion statements. I recommend removing some of these statements (Caitlin). 
8.1. Johannes Eble: Once optimized for routine, this technique can be done in 6-7 hours if it is performed properly.
8.2. Johannes Eble: While attempting this procedure, it’s important to remember that glutaraldehyde might affect the ligand-binding to the receptor and harm the epitopes of the ligand thereby compromising antibody detection. This must be tested beforehand.
8.3. Johannes Eble: If the equipment for surface plasmon resonance measurement is available, the SPR method could be used as an alternative. However, SPR evaluates kinetics data to determine the affinity constant K.  Video editor: I recommend removing this statement. (Caitlin)
8.4. Johannes Eble: This titration ELISA combined with the evaluation algorithm is versatile and can for instance be used to compare the affinities of ligands, to analyze structure-activity-relations and to unravel the molecular mechanism of receptor-ligand-interaction. Video editor: If you still need to cut down on statements, after removing 8.3. and 8.6., this one could also go. (Caitlin)
8.5. Johannes Eble: After watching this video, you should have a good understanding of how to perform this titration ELISA and the novel evaluation algorithm so that the affinity constant of any receptor-ligand-interaction can be easily and routinely determined, even for multiple ligands simultaneously.
8.6. Johannes Eble: Don't forget that working with glutaraldehyde can be extremely hazardous. Therefore, safety measures such as wearing gloves and goggles should always be taken while performing the fixation step of this procedure. Video editor: I recommend removing this statement. (Caitlin)
   

Provided Media
7.1. 57734 Eble Figure 1 - microtiter plate after color development.tif
7.2. 57734 Eble Figure 2 – plot of titration curves.TIF
7.2. 57734 Eble animated Figure 2.avi
7.3. 57734 Eble Figure 3 – comparison of K values
6.1-6.6 - 57334 video Evaluation of Data (OBS-based video, showing the scenes 6.1.2, 6.2.2., 6.4.1, 6.5.1., and 6.6.1.)


General Preparation
[bookmark: _GoBack]
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 are included in the email accompanying the finalized script.
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