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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: _____________________________________________
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)_N_____ 
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.) ___3.3，3.4，4.4，4.7，4.8，4.9________________________________________
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.
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.) ____4.7
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.
E.  Will the filming need to take place in multiple locations? (Y/N) __N__ If yes, how far apart are the locations? ___________________________________________________

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 screening procedure is to identify novel bio-active nanoparticles that can inhibit Toll-like receptor signaling. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Hong Yang: This method can help efficiently identify novel nano-inhibitors targeting Toll-like receptor signaling in innate immune cells. 
1.2. Hong Yang: The main advantage of this technique is that the screening is fast, robust, and easy to perform using the reporter cell systems.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Shan Yu Fung: The implications of this technique extend toward therapy of many inflammatory diseases, because Toll-like receptor signaling is found to be involved in the pathogenesis of these diseases.  
1.4. Shan Yu Fung: Though this method can provide high-throughput screening on the peptide-gold nanoparticles, it can also be applied to other nanoparticle systems, as well as therapeutic small molecules and biologics.

Protocol: (read by voice talent at JoVE)


2. Preparation of Cell Culture Media and Reagents
2.1. To begin this procedure, prepare the culture mediums as outlined in the text protocol [1-MED/WIDE]. Next, add 100 mL of ultrapure, endotoxin-free water to a clean 250 mL glass flask [2-MED-over the shoulder]. Add 1 pouch of secreted embryonic alkaline phosphatase substrate powder, and swirl the solution gently until it is fully dissolved [3-MED].
2.1.1. Establishing shot of the talent approaching the lab bench with vials of prepared culture mediums in hand. Alternatively, a [MED] shot could be used of the talent preparing the medium.
2.1.2. Talent adds 100 mL of ultrapure, endotoxin-free water to a clean 250 mL glass flask
2.1.3. Talent adds 1 pouch of secreted embryonic alkaline phosphatase to the flask, and then swirls the flask gently.
2.2. Incubate at 37 °C for 1 h to ensure complete dissolution of the substrates [1-MED-over the shoulder]. Using a 0.2 μm membrane, filter the solution [2-MED-over the shoulder]. Store at 4 °C until ready to use [3-MED-TXT].
2.2.1. Talent places the flask into an incubator, and then sets a timer.
2.2.2. Talent filters the solution using a 0.2 μm membrane
2.2.3. Talent places the filtered solution into a freezer at 4 °C, TEXT: Store for up to 2 weeks.
2.3. Next, add 1 pouch of luciferase substrate powder to a 50 mL centrifuge tube containing 25 mL of ultrapure, endotoxin-free water [1-MED-over the shoulder]. After the powder has dissolved completely, store at 4 °C for up to a week – until ready to use [2-MED-TXT].
2.3.1. Talent adds 1 pouch of luciferase substrate powder to a 50 mL centrifuge tube containing 25 mL of ultrapure, endotoxin-free water.
2.3.2. Talent places the 50 mL centrifuge tube, containing the mixture, into a freezer at 4 °C, TEXT: Alternatively, store at -20 °C for up to 1 month.
2.4. Then, prepare the stock solutions of all other reagents as outlined in the text protocol.
2.4.1. Talent, at the lab bench, preparing stock solutions. Any shot of this preparation – such as the talent mixing PMA and DMSO together – will work.
3. Culture of THP-1 Reporter Cell-derived Macrophages
3.1. After culturing and preparing the cells, transfer them from the culture flask to a centrifuge tube [1-MED-over the shoulder-TXT]. Spin down the cells at 300 x g for 5 min [2-MED]. Then, re-suspend them in the R10 medium at a concentration of 1 x 106 cells/mL [3-MED-over the shoulder].
3.1.1. Talent transfers cells from the culture flask to a centrifuge tube, TEXT: For details on cell culture, see text protocol.
3.1.2. Talent places the tube into a centrifuge, and then turns the centrifuge on.
3.1.3. Talent re-suspends the cell pellet by adding the R10 medium.
3.2. Add aliquots of the PMA solution to the cell suspension such that the final concentration is 50 ng/mL [1-MED-TXT]. Pour the cell suspension into a sterile reagent reservoir [2-MED-over the shoulder]. Using a multi-channel pipette, transfer 100 μL of the cell suspension into each well of a 96-well flat-bottom culture plate [3-MED].
3.2.1. Talent adds aliquots of the PMA solution to the cell suspension, TEXT: PMA: Phorbol 12-myristate 13-acetate Shot multiple takes: A & B 
3.2.2. Talent pours the cell suspension into a sterile reagent reservoir
3.2.3. Talent uses a multi-channel pipette to transfer 100 μL of the cell suspension into each well of a 96-well flat-bottom culture plate.
3.3. Incubate in a cell culture incubator for 24 h at 37 °C [1-MED-over the shoulder]. After this, use a vacuum aspirator to carefully remove the culture medium [2-MED].
3.3.1. Talent places the 96-well flat-bottom culture plate into an incubator. 
3.3.2. Talent, using a vacuum aspirator, carefully removes the culture medium.
3.4. Using an inverted microscope, check the cells [1-MED] to ensure that the derived macrophages are adhered at the bottom of the well [2-LM]. Gently wash the cells twice, using 100 μL of PBS per well for each wash [3-MED-over the shoulder-TXT]. Then, add 100 μL of fresh R10 medium to each well [4-MED].
3.4.1. Talent, at an inverted microscope, checks the cells.
3.4.2. 56075_Yang_Figure 2-F.tif: Show only Figure 2B, the image of the cells. Alternatively, this can be removed and shot 3.4.1, of the talent at the microscope, can be film to include the talent loading the plate into the microscope, and then inspecting the cells for a longer duration.
3.4.3. Talent adds 100 μL of PBS to the cells of the 96-well plate, TEXT: PBS: Phosphate-buffered saline
3.4.4. Talent adds 100 μL of fresh R10 medium to each well of the 96-well plate.
3.5. Let the cells rest for 2 days in an incubator at 37 °C before conducting the reporter assay.
3.5.1. Talent places the 96-well plate into an incubator, and then walks out of frame.
4. Screening for Potential TLR4 Nano-inhibitors Using the Reporter Cells
4.1. First, determine the optimal LPS dose as outlined in the text protocol [1-MED-TXT]. Next, add 180 μL of pre-warmed Quanti-Blue solution to each well of a new 96-well flat-bottom plate [3-MED-TXT]. Then, transfer 20 μL of supernatant from each sample into the plate [2-MED-over the shoulder].
4.1.1. Talent transfers the culture medium from the 96-well plate to a 96-well U-bottom plate using a pipette. If possible, have a lab notebook in the shot that has “LPS dosage” notes visible. TEXT: LPS: lipopolysaccharide
4.1.3 Talent adds 180 μL of pre-warmed Quanti-Blue substrate solution to a new 96-well flat-bottom culture plate, TEXT: Quanti-Blue: Secreted embryonic alkaline phosphatase substrate solution       *switch steps: 4.1.3 comes before 4.1.2
4.1.2. Talent transfers 20 μL of supernatant from a few samples to a new 96-well flat-bottom culture plate.
4.2. Incubate at 37 °C for 1 to 2 hours to allow for the color to develop from pink to dark blue [1-CU/MED]. After the optical density is above 1, use a plate reader to determine the absorption at 655 nm [2-MED-over the shoulder].
4.2.1. Shot of the plate in the incubator. Alternatively, if the incubator does not have a clear door or if this cannot be shot in a clear way, instead film a [MED] shot of the talent placing the place in the incubator and then walking out of frame. Shot multiple takes: A), B) Close-up C) taking out of incubator and showing colour change
4.2.2. Talent loads the plate into a plate reader, and at the computer workstation, begins to read the absorption at 655 nm. Shot multiple takes: A) tray B) computer C) WS
4.3. To begin analysis of IRF activation, transfer 10 μL of fresh supernatant from each sample into a fresh 96-well, clear flat-bottom white plate [1-MED-TXT]. Using auto-injection, add 50 μL of the luciferase solution to each well [2-MED-over the shoulder]. Then immediately collect the luminescence well by well to produce a dose response curve to determine the optimal LPS concentration for nanoparticle screening [3-MED].
4.3.1. Talent transfers 10 μL of fresh supernatant from a few samples into a fresh 96-well, clear flat-bottom white plate, TEXT: IRF: Interferon regulatory factors Shot multiple takes: A) WS B) CU
4.3.2. Using auto-injection, Talent adds 50 μL of the luciferase solution to a few wells.
4.3.3. Talent loads the plate into a microplate reader with an auto-injection function, and begins to collect the luciferase luminescence well-by-well. This may be a long shot because of the long VO, so the talent may approach the microplate reader, load the plate, and set the microplate reader to read well-by-well if needed for the length. Multiple shots/angles: A, B, C, D, E
4.4. Next, centrifuge 20 volumes of the peptide-GNP hybrid solution, in 1.5 mL Eppendorf tubes, at 18,000 x g for 30 min [1-MED-over the shoulder]. Carefully discard the supernatants [2-MED]. Transfer the hybrids to a single, fresh tube and wash them twice with 1 mL PBS [3-MED-over the shoulder].
4.4.1. Talent loads a few 1.5 mL Eppendorf tubes, loaded with the peptide-GNP hybrid solution, into a centrifuge, and then turns the centrifuge on.
4.4.2. Talent slowly removes the supernatant from one of the Eppendorf tubes of peptide-GNP hybrid solution.
4.4.3. Talent adds PBS to a 1.5 mL Eppendorf tube, which already contains the transferred hybrids. *Added three tubes together one-by-one. Shot multiple angles: A) WS B) CU C)
4.5. After this, re-suspend the washed hybrids in 1 volume of R10 medium [1-MED]. Mix equal volumes of the concentrated hybrids and the LPS-containing R10 medium, such that the final concentration of the hybrids and LPS are 100 nM and 10 ng/mL, respectively [2-MED-over the shoulder-TXT].
4.5.1. Talent re-suspends the washed hybrids by adding in 1 volume of R10 medium to the 1.5 mL Eppendorf tube.
4.5.2. Talent slow mixes the concentrated hybrids and the LPS-containing R10 medium, TEXT: Final concentration: Hybrids: 100 nM, LPS: 10 ng/mL
4.6. Next, remove the culture medium from the macrophage culture plate [1-MED]. Add 100 μL of the hybrid/LPS mixture into each well – with three replicates for each condition [2-MED-over the shoulder]. Include a negative control and an LPS control [3-CU/MED-TXT].
4.6.1. Talent uses a vacuum aspirator to remove the culture medium form the 96-well macrophage culture plate (from section 3).
4.6.2. Talent adds 100 μL of the hybrid/LPS mixture into each well of the 96-well macrophage culture plate.
4.6.3. Close up shot of the plate as the talent adds either one of the mention controls, *transferred all at the same time due to pipette style (a multi-channel pipette) TEXT: For details about controls, see text protocol.
4.7. Incubate at 37 °C for 24 h [1-MED]. Then, transfer the medium of each well to a separate centrifuge tube [2-MED-over the shoulder]. Centrifuge the tubes at 18,000 x g and 4 °C for 30 min [3-MED].
4.7.1. Talent loads the plate into an incubator at 37 °C.
4.7.2. Talent transfers the medium from one well into a centrifuge tube, then transfers the medium form a second well to a separate centrifuge tube. Make sure it is clear that there are 96 (actually only 36) separate tubes prepared, and that it is clearly visible that these samples go into different tubes. 
4.7.3. Talent loads the last tube (the other 95 should be preloaded before the shot) into the centrifuge, and then turns the centrifuge on.
4.8. Transfer the supernatants into a fresh 96-well round-bottom plate [1-MED-over the shoulder]. To begin the report assay on these samples, add 180 μL of pre-warmed Quanti-Blue solution to each well of a new 96-well flat-bottom plate [3-MED-over the shoulder]. Then, transfer 20 uL of the supernatants from each sample into this plate [2-MED]. 
4.8.1. Talent transfers the supernatant from one tube into the well of the 96-well round-bottom plate. Repeat this action if there is time in the shot. 
4.8.3 Talent adds 180 μL of pre-warmed SEAP solution to the wells of the flat-bottom plate. Make sure it is clear that this is the new, flat-bottom plate – perhaps by having the round-bottom plate the cells were transferred from in the shot (off to the side). Switch order: 4.8.3 first, and then 4.8.2
4.8.2. Talent transfers 20 uL of a supernatant from the round-bottom plate into a well of a 96-well flat-bottom plate. 
4.9. Incubate at 37 °C for 1 to 2 hours, until the dark blue color develops to an optical density over 1 [1-MED]. After this, use a plate reader to record the absorption at 655 nm [2-MED-over the shoulder].
4.9.1. Talent places the flat-bottomed plate into an incubator at 37 °C, and then sets a timer.
4.9.2. Talent loads the flat-bottomed plate into a plate reader, and then begins to work at the plate reader’s computer workstation. Multiple shots: A) Show colour change B) at computer
4.10. Next, transfer 10 μL of fresh supernatant from each sample into a 96-well clear flat-bottom white plate [1-MED]. Using an automatic injector, add 50 μL of the luciferase solution to each well [2-MED-over the shoulder], and immediately record the luminescence well by well [3-MED].
4.10.1. Talent transfers 10 μL of fresh supernatant from each sample, from the round-bottomed plate they were initially transferred to, into a 96-well clear flat-bottom white plate
4.10.2. Talent adds 50 μL of the luciferase solution to a well of the plate, or a few wells if time permits. Shots combined: 4.10.2 and 4.10.2-B
4.10.3. Talent loads the plate into a microplate reader with an auto-injection function.
4.11. Then, validate the inhibitory effect of the potential candidates and evaluate the TLR specificity as outlined in the text protocol [1-MED-over the shoulder-TXT]
4.11.1. Talent, using a vacuum aspirator, removes the culture medium from a 96-well culture plate – and then adds the hybrid/LPS solution to each well. TEXT: TLR: Toll-like receptor Multiple takes: A) Aspirator B) Add solution
5. Results: Inhibition of Toll-Like Receptor Signalling
5.1. [bookmark: _GoBack]In this study, the activation of NF-B/AP-1 (pronounced “N-F-kappa-B, A-P-one”) is detected by the SEAP colorimetric assay, in which TLR4 activation by LPS results in the activation of NF-B/AP-1 and the production of SEAP [1-LM]. The released SEAP converts the substrate, leading to a color change that is proportional to the amount of SEAP released upon stimulation [2-LM]. This is quantified by measuring the absorbance at 655 nm [3-LM].
5.1.1. 56075_Yang_Fig2C.tif.tif: Hide the concentration scale and text saying “LPS concentration”. Alternatively, the author may wish to submit a new figure for this image, captured on filming day. If that is the case, keep these instructions, but apply them to the new image.
5.1.2. 56075_Yang_Fig2C.tif.tif: Show the concentration scale and the text saying “LPS concentration”. Show text at the bottom of the figure saying “Color change proportional to SEAP released” during “…color change that is proportional to the amount of SEAP released upon stimulation.”
5.1.3. 56075_Yang_Fig2D.tif.tif
5.2. Next, LPS-mediated activation of IRFs led to the expression of luciferase, catalyzing the substrate to produce luminescence [1-LM]. An optimal LPS concentration of 10 ng/mL is determined from these dose responses to screen a previously established library of peptide GNP-hybrids [2-LM-TXT].
5.2.1. 56075_Yang_Fig2D.tif.tif & 56075_Yang_Fig2E.tif.tif: Shift Figure 2D to one side, shrinking it if need be. Show Figure 2E next to it.
5.2.2. 56075_Yang_Fig2D.tif.tif & 56075_Yang_Fig2E.tif.tif:: Show text below the images saying “Optimal LPS concentration – 10 ng/mL”. TEXT: 	Yang, H., et al. Angew Chem Int Ed Engl. (2011), Yang, H. et al. Particle & Particle Systems Characterization. (2013)., Yang, H. et al. ACS Nano. (2015).
5.3. From this, a group of hybrids is identified for their potent ability to inhibit LPS triggered activation for both NF-B/AP-1 and IRFs [1-LM]. Validation of this inhibitory activity shows that, as the concentration of LPS increases, the inhibitory effects of the hybrid reduce as expected [2-LM].
5.3.1. 56075_Yang_Fig2F.tif.tif: A circle around (or highlight) the data and labels for P12 and its derivatives (the red data sets). 
5.3.2. 56075_Yang_Fig3A and B.tif.tif:  Highlight the increased concentration data labels (the 10s in the x-axis label). Show text in each graph, near the data sets, saying “ LPS =  Inhibition”.
5.4. Immunoblotting is then conducted to further confirm inhibition activity [1-LM]. The lead hybrid is seen to reduce p65 phosphorylation, inhibit IBα (pronounced “I-kappa-B-alpha”) degradation, and delay IRF3 phosphorylation – confirming that the lead hybrid, P12, is able to inhibit LPS-mediating TLR4 signaling [2-LM].
5.4.1. 56075_Yang_ Fig3C.tif.tif
5.4.2. 56075_Yang_ Fig3C.tif.tif: Highlight the rows for p65 phosphorylation (p-p65), IBα degradation (IBα), and IRF3 phosphorylation (P-IRF3) as each is mentioned in the voiceover.
5.5. Additional investigation reveals that P12 also reduces TLR2 and TLR5-mediated NF-kB/AP-1 signaling, as well as TLR3-mediated IRF activation, suggesting that P12 has potent inhibitory activity on multiple TLR pathways [1-LM].
5.5.1. 56075_Yang_Fig4A.tif.tif & 56075_Yang_Fig4B.tif.tif & 56075_Yang_Fig4C.tif.tif: Show the three images side-by-side. Highlight the data for “Pam3CSK4 = 1 ng/mL” during “…TLR2 and TLR5-mediated NF-kB/AP-1 signaling, as well as TLR3-mediated IRF activation, suggesting that P12 has potent inhibitory activity on multiple TLR pathways.” Highlight the data for “Flagellin = 100 ng/mL” during “…TLR5-mediated NF-kB/AP-1 signaling, as well as TLR3-mediated IRF activation, suggesting that P12 has potent inhibitory activity on multiple TLR pathways.” Highlight the data for “Poly I:C = 25 g/mL” during “…as well as TLR3-mediated IRF activation, suggesting that P12 has potent inhibitory activity on multiple TLR pathways.”

6. Conclusion (said by authors on camera)

6.1. Hong Yang: Following this procedure, other methods like immunoblotting and cytotoxicity assays should be performed in order to validate the screening results and avoid false positive discovery.
6.2. Hong Yang: After its development, this technique paved the way for researchers in the field of nanomedicine to explore novel “nano-inhibitors” in Toll-like receptor signaling as next generation anti-inflammatory therapeutics.

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, .eps, 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.
5.1 - 56075_Yang_Figure 2C.tif – solution color
5.1 - 56075_Yang_Figure 2D.tif – LPS-NF-bar graph
5.2 - 56075_Yang_Figure 2E.tif – LPS-IRF bar graph
5.3 - 56075_Yang_Figure 2F.tif – Screening bar graph NF-B and IRF
5.3 - 56075_Yang_Figure 3A and B.tif – Concentration Diff NF-B and IRF bar graph
5.4 - 56075_Yang_Figure 3C.tif – Immunoblotting results
5.5 - 56075_Yang_Figure 4A.tif – TLR2 results
5.5 - 56075_Yang_Figure 4B.tif – TLR5 results
5.5 - 56075_Yang_Figure 4C.tif – TLR3 results including NF-B and IRF


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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