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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  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _____________________________________________
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) Yes If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
C.Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps by their protocol numbers. Please do not list entire sections of the protocol. If your protocol contains highlighting, make sure these steps are highlighted. 

Step 2.5 and 3.3 in this video script
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 to be filmed by their protocol numbers.(Please do not list an entire section.) 3.4 and 3.2. Adding chemicals or drawing reaction solutions for measurement as quickly as possible to minimize the time lag effect and the same sequence of adding chemicals and drawing reaction solutions for measurement should be practiced to ensure consistency.
E.  Will the filming need to take place in multiple locations? (Y/N) No 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 new fluorometric drug screening method is to determine the binding affinity of small drug molecules to a target protein by forming fluorescent gold nanoclusters within the drug-loaded protein template. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Tan Yen Nee: This method can help answer key questions in the field of protein-targeting drug discovery, such as how the binding strength of drug molecules can affect the stability of protein from unfolding, leading to the formation of fluorescent gold nanoclusters of different intensities [1.1.1 – MED].
1.1.1. Talent speaks toward the camera, interview style.
1.2. Tan Yen Nee: The main advantage of this technique is that we can turn a protein target into a fluorescent biosensor to enable fast screening of its small molecular drugs without the need of sophisticated instruments and tedious labeling steps [1.2.1 – MED].   
1.2.1. Talent speaks toward the camera, interview style.
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Su Xiaodi: The combination of my own knowledge as well as co-author Siu Yee’s discovery of ligand-loaded proteins having a distinct stabilization effect on plasmonic nanoparticles, inspired the idea for this method [1.3.1 – MED].
1.3.1. Talent speaks toward the camera, interview style.
Protocol (read by voice talent at JoVE):

2. Synthesis of Protein-Templated Gold Nanoclusters (Au NCs) 
2.1. Begin this procedure with preparation of the chemical reagents for drug screening as detailed in the text protocol [2.1.1 – Title Card].
2.1.1. Title Card
2.2. To prepare the human serum albumin, or HSA, templated gold nanoclusters, place two glass vials, each containing a micro magnetic stir bar, on two separate temperature controllable magnetic stirrers [2.2.1 – MED/2.2.2 – CU].
2.2.1. Talent places the glass vials containing micro magnetic stir bars onto separate magnetic stirrers.  Continue action in next shot.
2.2.2. Glass vials containing micro magnetic stir bars as talent places onto the magnetic stirrers.  
2.3. Set the temperature of one magnetic stirrer to 60 degrees Celsius [2.3.1 – MED-over the shoulder].  [2.3.2 – CU].
2.3.1. *Film as written.
2.3.2. Glass vial as talent labels as room temperature. 60 degrees Celsius [CU].
2.3.3. Added shot [CU]: Talent set the temperature of one magnetic stirrer to 60 degrees Celsius.  
2.4. Next, add 200 microliters of human serum albumin solution, 200 microliters of ultrapure water, and 200 microliters of gold chloride solution to each vial under constant stirring to allow the encapsulation of gold ions inside the protein template [2.4.1 – MED].
2.4.1. Talent switches on and set the speed of the stirrer, adds 200 microliters of human serum albumin solution, 200 microliters of ultrapure water, and 200 microliters of gold chloride solution to each vial under constant stirring.  Use labeled containers.  TEXT Overlay:  see text for solution preparation
2.5. 2 minutes later, add 20 microliters of sodium hydroxide solution to each vial so as to activate the reducing capability of human serum albumin in forming gold nanoclusters [2.5.1 – CU].  Start to record the reaction time as 0 minutes [2.5.2 – MED-over the shoulder].
2.5.1. Vials as talent adds 20 microliters of sodium hydroxide solution to each the vial labeled as 60 degrees Celsius from a labeled container.  TEXT Overlay:  see text for solution preparation
2.5.2. Talent starts the timer to record the reaction time.
2.6. Every 20 minutes, draw 50 microliters of each sample and transfer to a 384-well black plate [2.6.1 – CU].  Measure the emission spectrum with a microplate reader [2.6.2 – MED].  
2.6.1. Vials/384-well black plate as talent draws 50 microliters of each sample the vial labeled as 60 degrees Celsius and transfers to a 384-well black plate.  
2.6.2. Talent inserts the 384-well black plate into the microplate reader.  TEXT Overlay:  (ex = 370 nm, (em = 410 – 850 nm
2.7. Stop the magnetic stirrer after 100 minutes [2.7.1 – MED-over the shoulder].  Cool down the glass vials under running water in a sink [2.7.2 – CU].
2.7.1. Talent stops the magnetic stirrer.
2.7.2. Vials as talent cools them down under running water.  
2.8. Plot the photoemission spectra at all times for each sample to acquire the formation kinetics of gold nanoclusters at different temperature conditions [2.8.1 – MED-over the shoulder].
2.8.1. Screen as talent plots the photoemission spectra at all times for each sample.
2.9. To prepare the bovine serum albumin, or BSA, templated gold nanoclusters, place a glass vial containing a micro magnetic stir bar on the top of a magnetic stirrer; leave the temperature as room temperature [2.9.1 – MED].
2.9.1. *Film as written.
2.10. Mix 200 microliters of BSA solution, 200 microliters of urea, and 200 microliters of gold chloride solution in the glass vial under constant stirring [2.10.1 – CU]. 
2.10.1. Vial as talent adds each component from a labeled container.  TEXT Overlay:  see text for solution preparation
2.11. 2 minutes later, add 20 microliters of sodium hydroxide solution to activate the reducing capability of BSA to form gold nanoclusters and start to record the reaction time as 0 minutes [2.11.1 – MED-over the shoulder].  Measure the photoemission spectrum of the reaction mixture hourly [2.11.2 – MED].
2.11.1. Talent adds 20 microliters of sodium hydroxide solution to the container and starts the timer.
2.11.2. Talent works at the microplate reader to read a photoemission spectrum.
3. Screen relative binding affinity of different small molecular drugs to HSA 
3.1. Place five glass vials, each containing a magnetic stir bar and prelabeled with a drug or pure HSA, on top of a temperature controllable multipoint magnetic stirrer [3.1.1 - MED-over the shoulder]. [3.1.2 – CU].
3.1.1. *Film as written.  
3.1.2. Vials as talent labels them as ibuprofen, warfarin, phenytoin, sulfanilamide and pure HSA. 
3.2. Add 200 microliters of HSA to each vial [3.2.1 – MED].  Then, add 1 microliter of each previously prepared drug solution to the four corresponding vials [3.2.2 – CU].  Also add 1 microliter of DMSO to the control [3.2.3 – MED-over the shoulder].  
3.2.1. Talent adds 200 microliters of HSA to each vial from a labeled vial.  
3.2.2. 4 labeled vials as talent adds 1 microliter of each drug solution to each vial.  TEXT Overlay:  see text for drug solution preparation
3.2.3. *Film as written.
3.3. Switch on the stirrer, set the spin speed to 360 rpm, and incubate for 1 hour to allow the drug binding to HSA [3.3.1 – CU].
3.3.1. Stirrer as talent switches it on and sets the spin speed to 360 rpm.
3.4. 1 hour later, add 200 microliters of Milli-Q water and 200 microliters of gold chloride solution to each vial under constant stirring [3.4.1 – MED].  Set the temperature to 60 degrees Celsius under constant stirring for 10 minutes [3.4.2 – MED-over the shoulder].
3.4.1. Talent adds 200 microliters of Milli-Q water and 200 microliters of gold chloride solution to each vial under constant stirring
3.4.2. Talent sets the temperature to 60 degrees Celsius and starts timer to count down from 10 minutes.
3.5. After 10 minutes, add 20 microliters of 1.5 Molar sodium hydroxide to each vial and start to record the reaction time as 0 minutes [3.5.1 – CU].
3.5.1. Vial as talent adds20 microliters of 1.5 Molar sodium hydroxide to each vial from a labeled container. 
3.6. Yu Yong:  Drawing reaction solutions for measurement should follow the same sequence of adding drugs and should be practiced as quickly as possible to minimize the time lag effect [3.6.1 – MED].  
3.6.1. Yu Yong speaks to the camera, interview style.  
3.7. Quickly draw 50 microliters of solution from each vial, transfer to a 384-well black plate, and measure the emission spectrum [3.7.1 – CU].  Record the emission spectra of each sample every 10 minutes, collecting at least four spectra at four different times [3.7.2 – MED].
3.7.1. Vial and 384-well black plate as talent transfers 50 microliters of each solution to the plate.
3.7.2. Talent places the plate into the microplate reader and begins the record the emission spectra.  TEXT Overlay:  0, 10, 20, and 30 min 
3.8. Repeat these steps several times to obtain results with a consistent trend [3.8.1 – WIDE].
3.8.1. Talent working to transfer samples to the 384-well plate.  
3.9. Plot the time-resolved photoemission spectra for each sample [3.9.1 – SCREEN].  Identify the peak intensity of all samples and plot against the time to compare the formation kinetics of gold nanoclusters in different drug-loaded protein templates [3.9.2 – SCREEN].
3.9.1. *To be submitted by author – 53261_Yen Nee_SCREEN_3.9.1:  Screen capture movie as talent plots the time-resolved photoemission spectra for each sample.  
3.9.2. *To be submitted by author – 53261_Yen Nee_SCREEN_3.9.2:  Screen capture movie as talent identifies the peak intensity of all samples and plots against the time to compare the formation kinetics of gold nanoclusters in different drug-loaded protein templates.    
4. Measure the binding constant of a specific drug to HSA
4.1. To measure the binding constant between each drug and the HSA, replace the drug solutions with ibuprofen solutions at four different concentrations [4.1.1 – MED-over the shoulder] [4.1.2 – CU]. 
4.1.1. Talent replaces the 4 drug solutions with 4 ibuprofen solutions and adds the ibuprofen solutions of different solutions to 4 prelabeled vials.
4.1.2. Vials with ibuprofen as talent labels them with the drug concentrations. 
4.2. 10 minutes later, cool down the glass vials under running water in a sink [4.2.1 – MED].  Draw 50 microliters of the above solutions from each vial to a 384-well black plate and measure the emission spectrum [4.2.2 – CU].
4.2.1. Talent runs the water over the glass vials.
4.2.2. Vials/384-well plate as talent draws 50 microliters of the above solutions from each vial to a 384-well black plate
4.3. Repeat these steps twice more to obtain another two sets of results at different drug concentrations before stopping the magnetic stirrer [4.3.1 – WIDE].
4.3.1. Talent reading the emission spectra of the samples. Vials/384-well plate as talent draws 50 microliters of the above solutions from each vial to a 384-well black plate.
4.4. Then, plot the photoemission spectra and analyze the results [4.4.1 – MED-over the shoulder].  
4.4.1. Talent at the computer begins to plot the photoemission spectra.
4.5. For the raw data obtained in each individual batch, plot the photoemission spectra of each sample in software such as OriginPro and determine the peak intensity [4.5.1 – SCREEN].
4.5.1. *To be submitted by authors.  53261_Yen Nee_SCREEN_4.5.1:  Screen capture movie as talent determines the peak intensity from the photoemission spectra of the samples.
4.6. Calculate and plot the relative fluorescence intensity against the drug concentration [4.6.1 – SCREEN].  
4.6.1. *To be submitted by authors.  53261_Yen Nee_SCREEN_4.6.1:  Screen capture movie as talent plots the relative fluorescence intensity against drug concentration.
4.7. Then, calculate the binding constant by fitting the data to a single site binding model using the Michaelis-Menten equation [4.7.1 – MED].  To do this, in software such as OriginPro, select the menu Analysis ( Fitting ( Nonlinear Curve Fit.  Then select Hill function from Growth/Sigmoidal category.  On the Settings: Function Selection page, click Fit to display the fitted results [4.7.2 – SCREEN].
4.7.1. Talent working at the computer.  TEXT Overlay:  see text protocol for equations 
4.7.2. *To be submitted by authors.  53261_Yen Nee_SCREEN_4.7.2:  Screen capture movie as talent select the menu Analysis ( Fitting ( Nonlinear Curve Fit.  Then talent selects Hill function from Growth/Sigmoidal category.  On the Settings: Function Selection page, talent clicks Fit to show the fitted results.
5. Results: Studying protein-drug binding by forming fluorescent gold nanoclusters (Au NCs) using drug-loaded serum albumin as template 
5.1. Shown here are representative results of the time resolved photoemission spectra of gold nanoclusters produced at different protein denaturing conditions [5.1.1 – LM].  It can be observed that gold nanoclusters form faster at higher temperature [5.1.2 – LM].  Urea denaturing condition can also facilitate the direct synthesis of gold nanoclusters using HSA protein as template [5.1.3 – LM].
5.1.1. 53261_Yen Nee_Figure 1 – Authors, please provide a version of figure 1 without the figure description or the (A) – (C) labels.  Also include a label of 60 ºC on the middle panel and of 6.4 M urea on the right panel.
5.1.2. 53261_Yen Nee_Figure 1- Editors, please zoom into the middle figure panel.
5.1.3. 53261_Yen Nee_Figure 1- Editors, staying zoomed in, please slide over to the right figure panel.
5.2. Typical results of fast fluorimetric drug screening based on the fluorescence intensity of gold nanoclusters using drug-loaded HSA as template are shown here.  The higher the fluorescence intensity, the weaker the binding strength of a drug molecule to HSA [5.2.1 – LM].
5.2.1. 53261_Yen Nee_Figure 2B.jpg – Authors, please provide a version of figure 2B alone without the (B) label or figure description.
5.3. These spectra show the effect of drug loading concentration on the formation rate of fluorescent gold nanoclusters inside the ibuprofen-loaded HSA.  The higher the drug concentration, the lower the fluorescence signal of the resultant gold nanoclusters [5.3.1 – LM].

5.3.1. 53261_Yen Nee_Figure 3.jpg – Authors, please provide a version of figure 3 without the figure description.
5.4. Shown here is a representative result of protein-drug binding constant determination.  It is calculated by fitting the relative fluorescence intensity of gold nanoclusters synthesized in the HSA template preloaded with ibuprofen drug of varied concentrations using the Michaelis-Menten equation [5.4.1 – LM].
5.4.1. 53261_Yen Nee_Figure 4.jpg – Authors, please provide a version of figure 4 without the figure description.
6. Conclusion (said by authors on camera)

6.1. Yu Yong: Once mastered, this technique can be done in half an hour for multiple drug screening in parallel if it is performed properly [6.1.1 – MED].
6.1.1. Yu Tong speaks toward camera, interview style.
6.2. Tan Yen Nee: After watching this video, you should have a good understanding of how to synthesize fluorescent gold nanoclusters in a drug-loaded protein and determine the binding affinity of drugs to a target protein as detectable by the fluorescent signals emitted from the resultant gold nanoclusters [6.2.1 – MED].

6.2.1. Tan Yen Nee 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, .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.

53261_Yen Nee_Figure 1 – Authors, please provide a version of figure 1 without the figure description or the (A) – (C) labels.  Also include a label of 60 ºC on the middle panel and of 6.4 M urea on the right panel.
53261_Yen Nee_Figure 2B.jpg – Authors, please provide a version of figure 2B alone without the (B) label or figure description.
53261_Yen Nee_Figure 3.jpg – Authors, please provide a version of figure 3 without the figure description.
53261_Yen Nee_Figure 4.jpg – Authors, please provide a version of figure 4 without the figure description.
SCREEN Capture Movies:
53261_Yen Nee_SCREEN_3.9.1:  Screen capture movie as talent plots the time-resolved photoemission spectra for each sample.  
53261_Yen Nee_SCREEN_3.9.2:  Screen capture movie as talent identifies the peak intensity of all samples and plots against the time to compare the formation kinetics of gold nanoclusters in different drug-loaded protein templates.    
53261_Yen Nee_SCREEN_4.5.1:  Screen capture movie as talent determines the peak intensity from the photoemission spectra of the samples.
53261_Yen Nee_SCREEN_4.6.1:  Screen capture movie as talent plots the relative fluorescence intensity against drug concentration.
53261_Yen Nee_SCREEN_4.7.2:  Screen capture movie as talent select the menu Analysis ( Fitting ( Nonlinear Curve Fit.  Then talent selects Hill function from Growth/Sigmoidal category.  On the Settings: Function Selection page, talent clicks Fit to show the fitted results.
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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