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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)__No__ 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 individual steps using the step numbers listed in this document. (Please do not list entire sections.) ____2.2, 2.3, 3.1, 3.2, 3.3, 3.5__________________________
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.) __2.1 - 2.3_______________
E.  Will the filming need to take place in multiple locations? (Y/N) __Yes__ If yes, how far apart are the locations? _____In the same building, but different rooms, less than 1 minute of walking_______



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 fluorescence-based assay is to detect the presence of toxic unchelated gadolinium ion in aqueous solutions containing magnetic resonance imaging contrast agents. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
Anthony Luu: This method can help facilitate the development of Gadolinium-based MRI contrast agents by providing a means for ensuring high purity of the synthesized agents.
Anthony Luu: The main advantage of this technique is that it is able to detect sub-micromolar concentration of the toxic unchelated Gd(III) with relatively high selectivity over other biological cations.

Protocol (read by voice talent at JoVE):

Preparation of Aptamer Stock Solutions and 2X Gd-sensor Solution
To begin this procedure, prepare the assay buffer as outlined in the text protocol [1-MED]. Using NaOH and HCl, adjust the pH to 7.4 [2-MED-over the shoulder]. Then, filter the buffer through a sterile disposable bottle top filter with a 0.2 μm PES membrane [3-MED].
Talent prepares the assay buffer (20 mM HEPES, 2 mM MgCl2, 150 mM NaCl, 5 mM KCl). Only part of this is needed – so capture the talent mixing the measured reagents together.
Talent adds either NaOH or HCl to the buffer to change the pH. Have a pH meter visible in the shot.
Talent filters the buffer through the described filter.
Next, transfer 497 μL of the assay buffer to a fresh microcentrifuge tube [1-MED-over the shoulder-TXT]. Add 1 μL of prepared Gd-aptamer stock solution and 2 μL of prepared QS stock solution  [2-MED-TXT].
Talent transfers 497 μL of the assay buffer to a fresh microcentrifuge tube, TEXT: Store excess buffer in sterile bottles.
Talent adds 1 μL of prepared Gd-aptamer stock solution and 2 μL of prepared QS stock solution to the microcentrifuge tube using a micropipette, TEXT: Gd: Gadolinium; QS: Quenching strand; For details on preparing stock solutions, see text protocol
Transfer 50 μL of this 2X Gd-sensor solution into each of 9 PCR tubes [1-MED-over the shoulder]. After this, place the tubes into a thermal cycler [2-MED]. Set the thermal cycler to heat the samples to 95 ºC for 5 min, then slowly cool the solutions to 25 ºC over 15 min [3-MED-over the shoulder-TXT].
Talent transfers 50 μL of this 2X Gd-sensor solution into each of 9 PCR tubes. Make sure all 9 tubes are clearly labeled and visible.
Talent places the tubes in a thermal cycler.
Talent adjusts the settings on the thermal cycler as mentioned above, TEXT: Heat to 95 ºC for 5 min, Cool to 25 ºC over 15 min.
Anthony Luu: It is important to remember to heat the 2X Gd-sensor solution to 95 oC, followed by cooling to room temperature before adding the solutions containing the gadolinium ions. 
Interview style: author saying the above.
Constructing the Fluorescence Calibration Curve and Detecting the Presence of Unchelated Gd3+ in a Solution of Gd Contrast Agent
To begin, dissolve solid GdCl3 in assay buffer to create a gadolinium(III) stock solution of the desired concentration [1-MED-TXT]. Using serial dilution, prepare six 100 μL gadolinium(III) solutions as outlined in the text protocol [2-MED-over the shoulder].
Talent slowly adds a measured amount of GdCl3 to a flask of assay buffer, TEXT: GdCl3: Gadolinium(III) chloride
Talent dilutes the stock solution into six 100 μL gadolinium(III) solutions. Make sure that all 6 solutions are labeled and visible.
After this, dissolve the contrasting agent to be tested in assay buffer [1-MED-over the shoulder]. Use serial dilution to prepare 3 different concentrations [2-MED].
Talent adds the contrasting agent to the assay buffer.
Talent dilutes this solution into 3 different concentrations. Make sure that all 3 are labeled and visible.
Then, remove the PCR tubes containing the 2X Gd-sensor solution from the thermal cycler [1-MED-over the shoulder]. Transfer 50 μL of each gadolinium(III) solution to separate PCR tubes [2-MED]. Pipette each solution up and down several times to mix [3-CU]. 
Talent removes the PCR tubes from the thermal cycler.
Talent transfers 50 μL of the first gadolinium(III) to a PCR tube, then transfers 50 μL of the second gadolinium(III) to a separate PCR tube – continue for as long as needed for the shot.
Close up shot of the sample being mixed via pipette.
Next, transfer 50 μL of each contrasting agent solution separately to the remaining PCR tubes [1-MED-over the shoulder]. Mix by pipetting up and down several times [2-MED]. Incubate all nine solutions for 5 minutes at room temperature [3-CU].
Talent transfers 50 μL of the first contrasting agent solution to one of the remaining 3 PCR tubes. Then, transfers 50 μL of the second contrasting agent solution to the second of the remaining PCR tubes. Continue for as long as needed for the shot.
Talent pipettes the solution up and down to mix.
Shot of all 9 PCR tubes on the bench, at rest. Make sure that they are visibly labeled.
After this, transfer 45 μL of each solution to a 384-well plate in duplicates [1-MED-over the shoulder]. Then, record and analyze fluorescence data, as outlined in the text protocol [2-MED-over the shoulder].
Talent transfers 45 μL of each solution, in duplicate, to a 384-well plate. Continue as needed for the length of the shot.
Talent at the microplate reader’s computer terminal, recording/analyzing data.
Results: Changes in the Fluorescence Emission of the Aptamer-based Sensor in the Presence of Gadolinium(III)
In this study, unchelated trivalent gadolinium ion is detected in aqueous solution using a fluorescence-based method [1-LM]. The fluorescent sensor is developed by attaching a fluorophore to the aptamer [2-LM]. This sensor is then hybridized with a quenching strand - which is tagged with a dark quencher molecule [3-LM].
55216_Halim_Figure 1.pdf: Show only the top image, where the Gd-aptamer and QS are connected. Remove the text “‘Dark’ Gd-sensor where fluorescein is quenched by dabcyl”.
55216_Halim_Figure 1.pdf: Highlight “Fluorescein” and the aptamer when mentioned in the VO.
55216_Halim_Figure 1.pdf: Remove previous highlights. Highlight the quenching strand and “Dabcyl” when mentioned in the VO.
The addition of gadolinium(III) displaces the quenching strand from the aptamer, causing an increase in fluorescence emission [2-LM].
55216_Halim_Figure 1.pdf: Show only the bottom image, where the aptamer and QS are not connected. Remove all text that is not part of this image, including “Fluorescent Gd-sensor where the quenching strand is displaced by Gd3+ resulting in increased fluorescence emission”.
Calibration curves are obtained using 100 nM Gd-aptamer and 200 nM QS, and plotted as either raw fluorescence or fluorescence fold change [1-LM]. Both curves show a linear range for gadolinium(III) concentrations below 1 μM, and saturation of the signal at concentrations over 3 μM [2-LM].
55216_Halim_4.3.1-Figure 2A.tiff & 55216_Halim_4.3.1-Figure 2B.tiff: Show the two plots side-by-side. Highlight the text in each y-axis as it’s mentioned in the VO.
55216_Halim_4.3.1-Figure 2A.tiff & 55216_Halim_4.3.1-Figure 2B.tiff: Highlight the linear section of each curve for “…a linear range for gadolinium(III) concentrations below 1 μM…”, and highlight the results above 3000 nM in each plot for “…saturation of the signal at concentrations over 3 μM”.
Two different batches of gadoteric acid are then analyzed for concentrations ranging from 0 mM to 20 mM [1-LM]. While the fluorescence emission of the high purity sample does not increase noticeably over this range, a significant change is observed in the sample containing unchelated gadolinium(III) at concentrations as low as 5 mM [2-LM].
55216_Halim_4.4.1.-Figure 3.tiff
55216_Halim_4.4.1.-Figure 3.tiff: Highlight the data for the high purity sample for “…the fluorescence emission of the high purity sample does not increase noticeably over this range…”, and highlight the data for the sample containing unchelated Gd3+ for “…a significant change is observed in the sample containing unchelated gadolinium(III) at concentrations as low as 5 mM”.

Conclusion (said by authors on camera)
Anthony Luu: While attempting this procedure, it is important to make sure that there are no air bubbles in the wells of the microplate, as this will alter the fluorescence reading.
Anthony Luu: Using this procedure, we can detect the presence of even just small amounts of unchelated gadolinium ion that may be present in solutions containing contrast agents. This will be a convenient method for confirming the purity of the agent. 
Anthony Luu: Don't forget that working with chemicals such as gadolinium trichloride can be hazardous and precautions such as wearing personal protective equipment should always be taken while performing this procedure.   
	
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.  

4.3.1-Figure 2A.tff
4.3.1-Figure 2B.tiff
4.4.1-Figure 3.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.

 2016, Journal of Visualized Experiments
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