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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)NO 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)_NO, we do not want to show software analysis as different software can be used for these rather simple analysis steps
C.  Which steps of your protocol will viewers benefit most from having filmed? 3.8, 4.5, 4.6, 4.7, 4.8_
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? 4.5, 4.6
E.  Will the filming need to take place in multiple locations? (Y/N) Yes, one floor by elevator
1. Introduction (Experimental Goal and Author Interviews) 
A. Experimental Goal (read by voice talent at JoVE):
The goals of this ELISA based method are, first to determine the binding affinity of a cytokine to its receptor and, second, to measure the blocking effects of inhibitory peptides of the ligand receptor interaction. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Adrian Egli: This method can help answer key questions in field of protein-protein interaction, such as cytokine-receptor binding.  Binding affinities and blockade of these may increase the general understanding of interaction dynamics.  
1.2. Mohameedyaseen Sysedbasha: The main advantage of this technique is that its easy and fast to perform, generates reliable results, and is real relatively cheap due to the easy access of readily available equipment such as an ELISA reader.   

1.3. [combined with 1.2] Mohammedyaseen Syedbasha: Though this method can provide insight into cytokine-receptor interactions, it can also be applied to other systems, such as general protein-protein interactions and design of blocking compounds to inhibit these specific interactions.
Protocol (read by voice talent at JoVE):
2. Preparations and Introduction of Assays
2.1. Prepare the solutions, as described in the text protocol. Make sure to filter [2.1.1-WID] the carbonate coating buffer with a 0.22 micron PES membrane.  Use a vacuum. [2.1.2-MED]
2.1.1. Mixing the carbonate coating buffer
2.1.2. Filtering the carbonate coating buffer

2.2. Also, make ten different concentrations of each ligand or peptide. [MED/TEXT]
2.2.1. Preparing a serial dilution of one ligand/peptide, TEXT: e.g. 8, 4, 2, 1, 0.5, 0.25, 0.125, 0.063, 0.031 and 0.0 μg/ml

2.3. There are two assays described in this video.  The first is the direct ligand-receptor interaction ELISA.  It can be used to measure the receptor-ligand dissociation constant, which represents receptor-ligand binding affinity. [LM]
2.3.1.  Figure 1- direct LRA

2.4. The second assay is a recently optimized competition ligand-receptor interaction ELISA.  This allows for the screening of peptides and other blocking compounds, which act to interfere with the receptor-ligand interaction. [LM]
2.4.1. Figure 2 - competition LRA

2.5. For efficiency, prepare to use multichannel pipettes for 96-well plates [3.3.1] and when decanting, just dump out their contents. [3.5.1]
3. Direct Ligand-Receptor-Interaction Assay (Direct LRA) 
3.1. Begin this procedure by coating the plate with a recombinant receptor. [MED]
3.1.1. Film as written show stock bottle labels, make sure they are clear and legible, do this throughout the video
3.2. First, dilute the receptor in carbonate buffer to 100 nanograms per microliter. [MED]
3.2.1. Film as written, show stock bottle labels, make sure they are clear and legible, do this throughout the video
3.3. Then, load the plate wells with 100 µL of receptor solution. [3.3.1-MED] Exclude the outer walls to avoid dealing with the plate-edge artifact. [3.3.2-CU]
3.3.1. Film as written

3.3.2. Loading last row of wells leaving outer row visibly empty and covering plate
3.4. Cover the plate and incubate it at 4 °C, overnight.  [3.4.1-WID] Perform all the plate incubations with gentle swirling. 
3.4.1. Loading plate into cold room/fridge, with plate-swirling device

3.4.2. Starting gentle swirling action on plate
3.5. The next day, remove the coating solution [3.5.1-MED] and wash the plate three times with the wash solution: PBS with a touch of Tween 20. [3.5.2.-MED/TEXT]
3.5.1. Emptying plate in sink

3.5.2. Washing plate with PBT-T once, TEXT: Wash 3X, PBS + 0.05% Tween 20 (PBS-T)
3.6. Next, block the free receptor-binding sites by adding 200 µl of 5% BSA.  [MED]

3.6.1. Adding BSA to plate
3.7. Let the plate incubate for two hours at room temperature to complete the block. [CU]
3.7.1. Covering plate and setting a timer to countdown 2 hours, show if it also being rocked/swirled using the video.
3.8. Later, empty the wells [3.5.1] and wash the plate, as before.  [3.5.2/TEXT]
3.8.1. TEXT: Wash 3X, PBS-T
3.9. Now, load the wells with 100 µL of the various dilutions of recombinant His-tagged ligand.  Load each concentration in duplicate.  [MED]

3.9.1. Film as written, finish with loading pipette with PBS alone

3.10. Load the blank wells with PBS alone.  Then, incubate the plate for two hours at room temperature.  [CU]

3.10.1. Loading empty wells with PBS, covering plate and starting two hour timer, show if it also being rocked/swirled using the video. use shot 3.7.1for the rest 
3.11. Following the incubation with the ligands, wash the plate three times with washing solution. [MED]
3.11.1. Dumping plate content and another plate wash with PBS-T, TEXT: Wash 3X, PBS-T
3.12. Then, pipette 100 µl aliquots of primary anti-His mouse monoclonal antibody into each well [3.13.1-MED] and incubate the plate at room temperature for two hours. [3.13.2-MED] 
3.12.1. Loading plate with 1º Ab

3.12.2. Covering plate and starting two hour timer, show if it also being rocked/swirled using the video.
3.13. After washing out the antibody [3.5.2/TEXT], to each well add 100 µl of HRP-coupled, goat-anti-mouse-IgG secondary antibody solution.  Wrap the plate with Aluminum foil to avoid the light. [3.13.2-MED/TEXT] Then, incubate the plate for 45 minutes at room temperature. [3.13.3-CU] 
3.13.1. Reuse shot with this TEXT: Wash 3X, PBS-T
3.13.2. Film as written, TEXT: 100 µL 1:10,000 2º Ab. 
3.13.3. Starting a timer to countdown 45 min, show if plate is being agitated during incubation
3.14. Use the standard washing technique to remove the secondary antibody. [3.12.1/TEXT]
TEXT: Wash 3X, PBS -T
3.15. Now, to each well add 100 µl of freshly prepared TMB, made from equal volumes of stock substrate solutions A and B. [MED]

3.15.1. Show loading of plate with fresh TMB, stock solutions A and B should be in background on bench

3.16. Then, keep the plate at room temperature for 15 to 30 minutes. [CU]
3.16.1. Starting a timer to countdown 15-30 min, show if plate is being agitated during incubation
3.17. After sufficient color development, add 50 µl of stop solution to each well. [CU]
3.17.1. Loading wells with stop solution, the well-solutions should be colored to the correct level to stop the reaction, be sure that this color is clear, place white paper under plate to emphasize
3.18. M.S.: This protocol is based on the assumption that the measured signal rises from specific binding.  It might be necessary to estimate the contribution of non-specific binding to the signal. [WID/MED]
3.18.1. Interview shot with author, at bench
3.19. Then, read the plate absorbance values at 450 nanometers [3.19.1-MED] and proceed with calculating the KD value. [3.19.2-MED/TEXT]
3.19.1. Loading plate into reader and starting plate reader

3.19.2. Working with absorbance data at computer, TEXT: See the text protocol for details. 
4. Competition Ligand-Receptor-Interaction Assay (Competition LRA)
4.1. The competition LRA procedure follows the same steps [3.2.1] as the direct LRA procedure except for a few important changes. [3.3.1]
4.2. After washing the excess coating ligands off the plate [3.12.1], block the plate wells.  Add 200 μl of 5% BSA solution to each well [3.6.1] and incubate the plate for two hours at room temperature. [3.7.1]
4.3. During the incubation, prepare the recombinant His-tagged ligands at a fixed concentration [4.3.1-MED] of 10 nanograms per mL, in PBS. [4.3.2-CU]
4.3.1.  Mixing the dilution of ligand 
4.3.2. [combined with 4.3.1] Capping and labeling the tube between 2 – 20 of 10 ng/mL
4.4. Then, prepare the blocking peptide at different concentrations in PBS, [4.3.1-MED] ranging from 10 nanoMolar to 100 microMolar, to guarantee a dose-response curve.  [4.3.2-CU] Thus, the IC50 value for the blocking peptide can be found. [4.3.2-CU]
4.4.1. [4.4.1 to 4.4.3 combined] Mixing various dilutions of blocking peptide 

4.4.2. Labeling the tubes
4.4.3. The row of tubes with blocking peptide, labeled from 10 µM  – 100 nM
4.5. In the control wells, load the fixed ligand concentration without peptide to derive the maximum binding. [MED]
4.5.1. Film as written
4.6. In the blank wells, add only PBS, without ligand or peptide. [MED]
4.6.1. Film as written
4.7. (4.7.1) In the other wells, add 50 µl of the ligands and (4.7.2) 50 µl of each peptide concentration.  [CU]

4.7.1. Placing the plate over a white sheet and then writing on the paper the plan for where to load what on the plate, e.g. a “map”

4.8. Set these experimental series up in duplicate for each ligand being tested. [MED]
4.8.1. Loading the ligand and peptides onto the plate, with “map” underneath
4.8.1. Peptide + Ligand plates (CU) (label map in the 96 well plate itself)
4.9. Then, incubate the plate for 2 hours at room temperature and proceed as usual. [4.9.1-MED] 
4.9.1. Covering plate, setting up to rock and starting a 2 hour timer
5. Results: Binding Between INFL1-3 Peptides and their Receptor Subunit IL28RA
5.1. The dissociation constants between three different INFL peptides and their receptor alpha subunit IL28RA were determined using the direct LRA.  The fraction of occupied binding sites is plotted against the logarithm of the respective IFN concentration.  

5.1.1. Fig 3 without Scatchard plot and without KD values

5.2. These results illustrate a binding curve, which can be analyzed to estimate the KD value, by fitting the data to the Hill equation.

5.2.1. Fig 3 without Scatchard plot and with KD values

5.3. A Scatchard plot illustrates cooperativity in ligand binding.  Ultimately, IFNL1 has the highest binding affinity, followed by IFNL2 and IFNL3.  The Hill coefficient value of more than one suggests increased affinity for additional ligands after the initial ligand-receptor interaction.

5.3.1. Fig 3 with Scatchard plot and with KD values
5.4. Next, competitive LRA was used to quantitate the impact of a blocking peptide on the interaction between the INFL peptides and the receptor sub-unit.  The fraction of occupied binding sites for an INFL peptide at 10 nanograms per milliliter is plotted against the log of the interfering peptide’s concentration. 

5.4.1. Fig 4

5.5. From these data, IC50 values were estimated.  According to the calculated values, the blocking peptide inhibited the interaction between IFNL3 and IL28RA to the greatest extent. 

5.5.1. Table 2
6. Conclusion (said by authors on camera)
6.1. [6.1 to 6.3 combined] Mohameedyaseen Syedbasha: Once mastered, this technique can be done in 8 hours if it is performed properly.
6.2. Mohameedyaseen Syedbasha: While attempting this procedure, it’s important to remember to reach saturation concentrations for the ligand-receptor binding.
6.3. Mohmeedyaseen Syedbasha: Following this procedure, other methods like Surface Plasmon Resonance can be performed to obtain a more detailed KD values.
6.4. Adrian Egli: After its development, this technique paved the way for researchers in the field of ligand-receptor interactions to explore inhibitory substances to block these interactions. 
Provided Media

2.3.1. -  53575_Fig1_binding_assay.pptx – workflow direct LRA.

2.4.1. -  53575_Fig2_competition_assay.pptx – workflow competition LRA.

4.10.1 - 53575_Equation_2.tif – Equation for IC50 determination.
5.1.1. -  53575_Fig3_Binding.tif – Binding curve without Scatchard plot and without Kd values.

5.2.1. -  53575_Fig3_Binding_wKD.tif - Binding curve without Scatchard plot and with Kd values.

5.3.1. -  53575_Fig3_Binding_wKD_wScatchard.tif - Binding curve with Scatchard plot and with Kd values.

5.4.1. - 53575_Fig4_competition_curve.tiff
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 are included in the email accompanying the finalized script.
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