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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N (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) N 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 using the step numbers listed in this document. Step 3, Collection of Clinical Samples and Extraction of Tacrolimus Dried Blood Spot Samples
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document. Steps 3.1 and 3.2. It is critical to ensure that the disc is punched from a saturated area of the blood spot.
E.  Will the filming need to take place in multiple locations? (Y/N) N If yes, how far apart are the locations? ___________________________________________________

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Conceptual Narrative:

Note to Voice Talent: Authors did not want to do on camera interviews. Instead wanted these sections to be said in VO.

The overall goal of the following experiment is to quantify tacrolimus (http://www.howjsay.com/index.php?word=tacrolimus&submit=Submit) in dried blood spots. (Intro)

This is achieved by assessing the quality of the dried blood spot to verify blood volume. (P1, show left image of blood spots without hole punch and red spot to the right of the hole punch. If possible, make right bottom 0.5 blood spot look like the other blood spots in the bottom row to make it appear as if the hole has not been punched yet.)

As a second step, the blood spot is punched, which represents the sample. (P2, show left image of blood spots and make hole punch and red spot to the right of the hole punch appear. At the same time, make a white spot on the right bottom 0.5 blood spot appear to show that the red spot has been punched out.)  

Next, the blood spot is homogenized in order to prepare the sample for extraction. (P3, make top image of vortex appear to the right of the blood spots image.)

The results show a homogenized sample that can be extracted and analyzed by LC-MS/MS. (P4, show right image of instrument and make bottom image of spectrum appear from instrument. Alternatively, show bottom image of spectrum only.)


Video Editor: Use 52424_Schematic Graphic.pptx, the second slide is animated if preferred over above suggestions


B.  Interview: (Said by you on camera. Don’t forget to smile!)  read by voice talent at JoVE
1.1. The main advantage of this technique over quantification of tacrolimus in blood samples after IV blood draw, is that patients can collect samples themselves. Minimally invasive, low volume sample collection strategies such as dried blood spots also facilitate therapeutic drug monitoring and pharmacokinetic studies in small children. 
1.2. After a simple finger stick the patient collects a blood drop on a special filter paper card and after the blood spot has dried, it can be mailed to a central laboratory for analysis of tacrolimus and any other immunosuppressant that the patient may be taking. 
1.3. Quantification of drugs on dried blood spots has become possible due to the development of highly sensitive and specific LC-MS/MS assays for the quantification of tacrolimus and other immunosuppressants in very small blood volumes such as dried blood spots.   


Protocol (read by voice talent at JoVE):
2. Preparation of References, Solutions, Calibration Curve and Quality Control Samples
2.1. First, prepare stock solutions in pure methanol at a concentration of 1 milligram per milliliter for tacrolimus and a concentration of 10 micrograms per milliliter for D2,13C-tacrolimus (pronounced D-2 13-C-tacrolimus) [2.1.1-MED]. Aliquot stock solutions [2.1.2-CU] and store at -70 degrees Celsius or below [2.1.3-MED-over the shoulder].  
2.1.1. Show talent preparing one of the stock solutions with the labeled vial of the other stock solution visible in frame if possible, TEXT: Make stock solutions based on three weightings
2.1.2. Show polypropylene cryovials as talent adds stock solutions to them
2.1.3. *Film as written 
2.2. On each extraction day, prepare a 7 to 3 ratio of methanol and 0.2 molar zinc sulfate in water to precipitate proteins and extract tacrolimus [2.2.1-MED]. The internal standard stock solution is spiked into the precipitation solution [2.2.21-MED]. Set the expiration of the solution at 12 hours [2.2.2-CU].  
2.2.1. *Film as written
2.2.21. [added] *Film as written
2.2.2. Show glass beaker containing solution as talent writes expiration date on it
2.3. Following this, prepare stock solutions of tacrolimus by performing appropriate dilutions of the stock solution using pure methanol [2.3.1-MED-over the shoulder].  
2.3.1. Show talent adding methanol to vials containing stock solution
2.4. To prepare calibrators and quality control samples, spike 20 microliters of the appropriately diluted stock solution into EDTA whole blood [2.4.1A-CU]. Incubate at 37 degrees Celsius under gentle shaking in a water bath for 20 minutes to allow for homogeneous distribution of tacrolimus into the cellular blood components [2.4.2A-MED]. To prepare a larger amount of calibrators and quality control samples, spike 2,000 microliters of the appropriately diluted stock solution into EDTA whole blood [2.4.1B-CU]. Incubate at 37 degrees Celsius under gentle shaking in a water bath for 20 minutes to allow for homogeneous distribution of tacrolimus into the cellular blood components [2.4.2B-MED].Then, aliquot the samples into 1.5-milliliter polypropylene tubes with conical bottoms and snap-on lids [2.4.3B-MED-over the shoulder]. 
2.4.1. A Show sample of blood as talent adds diluted stock solution to it
2.4.2. A *Film as written
2.4.1. B Show sample of blood as talent adds diluted stock solution to it
2.4.2. B *Film as written
2.4.3. B *Film as written
2.5. Spot 50 microliters of the spiked whole blood into the middle of each circle on filter cards using a pipette [2.5.1-CU].
2.5.1. *Film as written
2.6. After drying the blood spots at room temperature for 3 hours, prepare tacrolimus calibration standards in human EDTA whole blood at tacrolimus concentrations of 1, 2.5, 5, 10, 25, and 50 nanograms per milliliter [2.6.1-MED]. Prepare a blank sample for extraction like the calibration standards with the protein precipitation solution not containing the internal standard D2,13C-tacrolimus [2.6.2-MED-over the shoulder].
2.6.1. Show preparation of one of the standards with the labeled vials of remaining standards visible in frame if possible, TEXT: 1, 2.5, 5, 10, 25, 50 ng/ml
2.6.2. *Film as written
2.7. Next, prepare quality control samples in human EDTA whole blood at concentrations of 0, 2, 4, 20, and 40 nanograms per milliliter [2.7.1-CU]. Prepare a blank sample as well [2.7.2-MED].
2.7.1. Show preparation of one of the quality control samples with labeled vials of remaining samples in frame if possible, TEXT: 0, 2, 4, 20, 40 ng/ml
2.7.2. *Film as written
3. Collection of Clinical Samples and Extraction of Tacrollmus Dried Blood Spot Samples
3.1. After collecting the dried blood spots, visually inspect each one to ensure acceptable sample quality and volume [3.1.1-CU]. Then, punch the center of the blood spot on the filter card with a 6-millimeter hole punch [3.1.2-MED-over the shoulder]. 
3.1.1. Show close-up of dried blood spot as talent inspects it
3.1.2. *Film as written
3.2. Place the discs into 1.5-milliliter polypropylene tubes with conical bottoms and snap-on lids [3.2.1-MED]. Add 20 to 30 bullets to each tube [3.2.2-CU].
3.2.1. *Film as written
3.2.2. Show one of the tubes as talent adds bullets to it
3.3. Following this, add 500 microliters of the protein precipitation solution into each tube [3.3.1-MED-over the shoulder]. Homogenize the discs in a bullet blender for 1 minute at maximum speed [3.3.2-MED].
3.3.1. *Film as written, TEXT: For blank sample extraction, use solution without internal standard
3.3.2. *Film as written
3.4. When finished, shake the samples at room temperature on a multi-tube vortex at maximum speed for 10 minutes [3.4.1-MED-over the shoulder]. Then, centrifuge the samples at 16,000 x g and 4 degrees Celsius for 10 minutes [3.4.2-MED].
3.4.1. *Film as written
3.4.2. *Film as written
3.5. After centrifugation, transfer the supernatants into glass HPLC vials equipped with a 300-microliter insert [3.5.1-CU].
3.5.1. Show HPLC vials as talent adds supernatant to them, TEXT: Use pre-slit Teflon seals
4. LC-MS/MS Analysis and Quantification
4.1. At this point, load 100 microliters of the supernatant of the extracted sample onto the C8 cartridge extraction column [4.1.1-MED]. Wash with a 7 to 3 ratio of 0.1% formic acid in water and acetonitrile at a flow of 5 milliliters per minute for 1 minute [4.1.2-MED-over the shoulder]. 
4.1.1. Show talent injecting sample into instrument
4.1.2. Show talent at computer inputting wash and flow settings in software
4.2. Hereafter, activate the switching valve resulting in back-flush of the analytes from the pre-column onto the analytical column [4.2.1-MED]. Then, set the column thermostat to 65 degrees Celsius [4.2.2-MED-over the shoulder]. 
4.2.1. Show talent at computer activating the switch valve in software
4.2.2. Show talent at computer setting column thermostat in software
4.3. Elute the analytes from the analytical column using the flow rates and gradient shown here [4.3.1-LM].
4.3.1. Tacrolimus_DBS_Table 1_140502.xlsx
4.4. Connect the analytical column to a tandem mass spectrometer via the turbo electrospray ionization source [4.4.1-MED]. Adjust the key parameters of the mass spectrometer according to the following table [4.4.2-LM].
4.4.1. *Film as written
4.4.2. Tacrolimus_DBS_Table 2_140502.xlsx 
4.5. Next, detect positive ions in the multiple reaction mode [4.5.1-MED-over the shoulder].
4.5.1. Talent at computer chooses multiple reaction mode in software, TEXT: Use tacrolimus: m/z = 826.6  616.2 and D2,13C-tacrolimus: m/z = 829.6  619.2
4.6. For each run, generate a calibration curve by plotting nominal concentrations versus response factor of analyte using the mass spectrometer software [4.6.1-SCREEN]. Then, fit the calibrators using a quadratic fit in combination with 1/X (pronounced 1 over X) weighting [4.6.2-SCREEN].  
4.6.1. *To be submitted by Author
4.6.2. *To be submitted by Author
4.7. To quantity tacrolimus in the dried blood spots, integrate the tacrolimus and internal standard peaks in the extracted multiple reaction mode chromatograms [4.7.1-SCREEN]. After calculating the response factor for tacrolimus, compare it with the calibration curve using the mass spectrometry software [4.7.2-SCREEN].  
4.7.1. *To be submitted by Author
4.7.2. *To be submitted by Author
5. Results: Analysis and Quantification of Tacrolimus on Dried Blood Spots by LC-MS/MS
5.1. Representative ion chromatograms of a blank sample, a sample spiked at the lower limit of quantification and a patient sample are shown here [6.1.1-LM].  
5.1.1. Tacrolimus_DBS_Figure 3_140504.pptx, 52424fig3.jpg: Show A when “blank sample” is mentioned, B when “sample spiked at the lower limit of quantification” is mentioned, and C when “patient sample” is mentioned.
5.2. A typical calibration curve is shown here [6.2.1-LM]. The mean coefficient of correlation is 0.9994 [6.2.2-LM]. 
5.2.1. Tacrolimus_DBS_Figure_4_140504.pptx, 52424fig4.jpg
5.2.2. Tacrolimus_DBS_Figure_4_140504.pptx, 52424fig4.jpg: Highlight equation or make equation appear on graph.
5.3. The accuracy and precision results are shown in detail here [6.3.1-LM].  
5.3.1. Tacrolimus_DBS_Table 3_140505.xlsx: Show Day 1 and Day 20, and Inter-Day Accuracy and Precision rows of table.
5.4. No indications of significant ion suppression or ion enhancement were observed [6.4.1-LM], and no relevant carry-over resulting in peaks exceeding 15% of the signal at the lower limit of quantitation were detected [6.4.2-LM].  
5.4.1. Tacrolimus_DBS_Figure_5_140504.pptx, 52424fig5.jpg
5.4.2. Tacrolimus_DBS_Figure_5_140504.pptx, 52424fig5.jpg: Make black arrow appear on graph.
5.5. [bookmark: _Toc529236528][bookmark: _Toc240445162]Dilution integrity was investigated by analyzing samples prepared at concentrations above the highest calibrator and diluted in protein precipitation solution after extraction to reach the target concentrations [6.5.1-LM]. All dilutions tested met acceptance criteria [6.5.2-LM]. 
5.5.1. Tacrolimus_DBS_Table_4_140505.xlsx
5.5.2. Tacrolimus_DBS_Table_4_140505.xlsx: Highlight three Accuracy [%] and Imprecision [CV%] rows.
5.6. No losses were apparent after 1 week of storage at room temperature [6.6.1-LM], after 1 week of storage at 4 degrees Celsius [6.6.2-LM], and after 1 month of storage at -20 degrees Celsius [6.6.3-LM].  In addition, no losses were observed after 1 month of storage at -80 degrees Celsius [6.6.4-LM], after 3 freeze and thaw cycles [6.6.5-LM], and after 72 hours of extracted samples in the auto sampler at 4 degrees Celsius [6.6.6-LM].
5.6.1. Tacrolimus_DBS_Table_5_140505.xlsx: Show Stability at room temperature, Day 7 table.
5.6.2. Tacrolimus_DBS_Table_5_140505.xlsx: Show Stability at +4°C, Day 7 table under Stability at room temperature table. 
5.6.3. Tacrolimus_DBS_Table_5_140505.xlsx: Show Stability at -20°C, Day 30 table under above two tables. 
5.6.4. Tacrolimus_DBS_Table_5_140505.xlsx: Show Stability at -80°C, Day 30 table. 
5.6.5. Tacrolimus_DBS_Table_5_140505.xlsx: Show Freeze thaw stability, -20°C, 3 cycles table under -80°C, Day 30 table. 
5.6.6. Tacrolimus_DBS_Table_5_140505.xlsx: Show Extracted sample stability at +4°C, 72 h table under above two tables. 

6. Read by Voice Talent at JoVE Conclusion (said by authors on camera) 
6.1. Once mastered, 20 samples can be extracted in less than one hour.
6.2. While attempting this procedure, it’s important to remember that the key to reliable quantification is the quality of the dried blood spot and that the disc is punched from a completely saturated area of the filter paper.
6.3. [bookmark: _GoBack]The techniques and the assay shown in this video provide a platform technology to quantify other immunosuppressants and drugs in dried blood spots.   
   

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.


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, as well as an introduction to your videographer, closer to your filming date.
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