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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? NO 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? NO 

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.) 
Steps 2.2, 3.4, 4.1, 5.1, and 5.4

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.) 

Step 2.2

E.  Will the filming need to take place in multiple locations? NO 
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 HPLC procedure is to tune a Parallel Segmented Flow column to enable multiplexed detection. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Sercan PC: This method can help answer key questions in the fields of health and well-being, environmental sciences, forensics, and any areas that require the analysis of complex samples, such as bio-discovery. 

1.2. Sercan PC: This technique allows for comprehensive sample analysis while also yielding information related to the chemical and bioactive natures of substances in complex mixtures. The multiplexed detection protocols allow for speedy analysis. 

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Andrew J: This method can enable developing strategies for defining the chemical fingerprints of complex samples such as coffee and wine, so that the manufactures can differentiate their samples from cheap counterfeit varieties. 
1.4. Danijela K: Initially, it may feel unorthodox not to send the entire sample to just one detector for accurate analysis. However, the analyte concentrations within each flow stream are higher than those of the total flow stream of a conventional column. 
Authors: Some of these statements were edited to conform to the appropriate word limits. Please memorize all statements in advance of filming.
Protocol (read by voice talent at JoVE):

2. Set up of High Performance Liquid Chromatography (HPLC) Instrument and UV-Vis/Mass Spectrometry (MS) Detectors
2.1. To begin, set up the HPLC instrument with 100% Milli-Q water and pure methanol for mobile phases A and B, respectively. If an MS detector is to be used, add 0.1% formic acid to both mobile phases. Then purge the HPLC pumps according to the manufacturer’s instructions.
2.1.1 and 2.1.2 switched
2.1.1. MED: Talent hooks up Milli-Q water and methanol bottles to HPLC instrument 
2.1.2. MED Over the Shoulder: Talent pipettes formic acid into bottle of methanol mobile phase

2.1.3. CU: Talent sets HPLC instrument to prime solvents (TEXT: See manufacturer’s instructions.)
2.2. Assemble the MS, UV-Vis and DPPH detectors as per the manufacturer’s instructions.  Ensure the components are arranged appropriately such that the dead volume in detector lines is minimal. 
2.2.1. LAB MEDIA 2 (Video Editor: Highlight the different detectors/components throughout the VO) (TEXT: DPPH: 2,2-Diphenyl-1-picrylhydrazyl)
2.2.2. [added] MED: Talent moves the instruments closer to ensure minimal dead volume.

2.2.3. CU: Talent connects detector line to outlet port

2.2.4. MED: Talent shows short length of line distance between detector and outlet port

2.3. Then set the UV-Vis detector wavelength to the wavelength specific to the sample, here 280 nm. 
2.3.1. MED Over the Shoulder: Talent programs UV-Vis to wavelength, making sure wavelength value is in the shot on the computer. 
2.3.2. [added] SCREENSHOT: UV-Vis page highlighting wavelength 280 nm.
*Note to the Authors: We won’t need text overlays for parameters that are visible in the shot.
2.4. For the MS detector, use positive mode for Total Ion Count, or TIC, analysis with the Full Scan detection method. 
2.4.1. MED Over the Shoulder: Talent sets MS detector to positive mode

2.5. Equilibrate the temperature and gas flow of the MS detector to the following values: vaporizer temperature of 500°C, capillary temperature of 350°C, auxiliary gas flow of 40 units, sweep gas flow of 5 units, sheath gas rate of 60 units, and spray voltage of 3.5 kV.
2.5.1. [2.4.1] MED Over the Shoulder: Talent programs MS detector 
2.5.2. [2.4.2] SCREENSHOT: Talent sets parameters to appropriate values (TEXT: Vaporizer 500°C, Capillary 350°C, Auxilary gas 40, Sweep gas 5, Sheath gas 60, Spray voltage 3.5 kV) (Video Editor – Text overlay is not necessary if these values can be seen in the screen capture.)
Authors: Please provide screen-capture of the set-up for the MS detector if possible
We could not install the recommended screen recording software on our MS computer. We have provided multiple screen shots highlighting each parameter value.
3. Preparation of 2,2-Diphenyl-1-picrylhydrazyl (DPPH) Radical Reagent and System Detector
3.1. To prepare the DPPH radical reagent, begin by dissolving 25 mg of DPPH radical in 250 ml of methanol in a volumetric flask.
3.1.1. MED: Talent adds DPPH into flask

3.2. Add 250 µl of formic acid to the solution and sonicate the solution for 10 minutes. Then cover the flask in foil to prevent light exposure. 
3.2.1. MED Over the Shoulder: Talent pipettes formic acid into solution
3.2.2 and 3.2.3 switched
3.2.2. CU: Talent covers flask in foil
3.2.3. MED: Talent places covered flask over to sonic bath and begins sonicating
3.3. Next purge the pump with the DPPH radical solution as advised by the manufacturer. 
3.3.1. MED: Talent primes pump with DPPH solution (TEXT: See manufacturer’s instructions)
3.4. To set up the DPPH radical system, ensure that the pump line is fastened to the inlet of a T-piece, and then connect a 100 µl reaction coil to the outlet of the T-piece. Attach the detector to the other end of the reaction coil. 
3.4.1. CU: Talent shows connection of T-piece and DPPH pump line

3.4.2. CU: Talent connects reaction coil to T-piece
3.4.3. CU: Talent connects detector to reaction coil

3.5. Encase the reaction coil in a column heater. Finally, set the DPPH radical UV-Vis detector to 520 nm.
3.5.1. MED: Talent sets up column heater over reaction coil (TEXT: Column Heater = 60°C)
3.5.2. CU: Talent sets DPPH UV-Vis detector, with wavelength value in shot
4. Set up of Parallel Segmented Flow (PSF) Column

4.1. To construct the parallel segmented flow, or PSF, column, first connect the column inlet to the HPLC instrument. Next use a piece of tubing to connect the central port to the MS detector.
4.1.1. MED Over the Shoulder: Talent connects column to HPLC

4.1.2. MED: Talent connects central port and MS detector (TEXT: 15 cm long, 0.13 mm internal diameter)
4.2. Use tubing of the same dimensions to connect one peripheral column port to the UV-Vis detector and another to the T-piece of the DPPH radical detection system. Block any unused peripheral ports with column stoppers.
4.2.1. MED Over the Shoulder: Talent connects column to UV-Vis
4.2.2. MED Over the Shoulder: Talent connects column to T-piece

4.2.3. CU: Talent blocks unused ports with column stoppers

4.3. Adjust the flow rate of the HPLC to 1 ml per minute of 100% mobile phase B. For a column of 4.6 mm internal diameter and 250 mm in length, equilibrate for 20 minutes. 
4.3.1. MED Over the Shoulder: Talent adjusts HPLC flow rate (TEXT: B: Methanol, 0.1% formic acid)
4.3.2. CU: Face of stopwatch, timer, or clock to demonstrate 20 minutes passing (TEXT: Adjust the time appropriately for the column size)
5. Tuning the PSF Column for Multiplexed Detection

5.1. To begin tuning the PSF system, first tare two empty collection vessels. Use these vials to separately collect mobile phase from the UV-Vis and DPPH radical ports. Make note of the collection time period, and collect at least 500 mg of solvent in each vessel.
5.1.1. MED Over the Shoulder: Talent uses balance to tare/records tares of vials
5.1.2. CU: Talent collects solution from one of the detector ports

5.1.3. CU: Talent stops collecting solution once adequate amount is reached (about 1-0.5 ml)

5.2. Next weigh the collection vessels to determine the mass of the mobile phase, and divide the mass by the density of methanol to calculate the volume of the mobile phase collected from each port.
5.2.1. MED Over the Shoulder: Talent weighs labeled vials containing solution

5.2.2. MED Over the Shoulder: Talent writes out math or uses computer to calculate volume of mobile phase collected (TEXT: Density of methanol = 0.791 g/ml, Density = Mass/Volume)
5.3. Finally, determine the flow rate to the MS detector and calculate the flow proportions of all the detectors as a percentage of total flow as described in the text protocol. 
5.3.1. MED Over the Shoulder: Talent does calculations on computer paper to demonstrate flow rate calculation (volume per time %) (TEXT: See text protocol for calculations)
5.4. If the flow proportions deviate substantially from the ideal values, add additional tubing where necessary to adjust the back pressure and repeat the collection and calculation process.
5.4.1. MED: Talent connects extra replaces MS detector tubing to one of the detector ports with a longer tubing (TEXT: Ideal proportions: MS 18%, UV-Vis 22%, DPPH• 60%)
5.4.2. [added] MED Over the Shoulder: Talent does calculations on paper to demonstrate flow rate calculation (volume %)
5.5. Finally, set the flow rate of the DPPH radical reagent pump to match the flow rate of the outlet port connected to the detector. 
5.5.1. MED Over the Shoulder: Talent sets flow rate of DPPH pump

6. Results: Multiplexed Detection of a Coffee Sample
6.1. A multiplexed HPLC analysis was performed on a coffee sample. The ability to record DPPH radical, UV-Vis, and MS chromatograms simultaneously allows the compounds in the sample that responded positively to DPPH radical to be easily matched to the UV-Vis and MS responses based on retention time alignment. 
6.1.1. LAB MEDIA Figure 3.pdf (Video Editor: Begin with time frame of 0 to 50 minutes and axis/axis labels, spectra, and graph labels “DPPH”, “UV-Vis” and “MS-TIC” in order from top to bottom. Add in red bars aligning peaks together with words “responded positively.”)
6.2. Where a positive response was seen from the MS-TIC detector, the molecular mass of the peak was recorded. The ease in matching peaks between different detection processes allows for a fast and more efficient form of screening and characterization for a complex sample, such as coffee.
6.2.1. LAB MEDIA Table 1 (Video Editor: Begin with just table. With words “positive response”, highlight DPPH column. With words “molecular mass” highlight all rows with a “Yes” for MS-TIC, followed by highlighting the corresponding “Mass” value in the column to the right.)
7. Conclusion (said by authors on camera)

7.1. Danijela K: Once mastered, this technique can be set up in just about an hour and ready for sample analysis. 
7.2. Andrew J: Following this procedure, other detectors like fluorescence, refractive index and regent based detection such as chemiluminescence can be used in order to obtain additional sample information.
7.3. Sercan PC: After watching this video, you should recognize the importance of multiplexing detection processes for gaining a greater understanding of a complex sample. Furthermore, multiplexed detection using parallel segmented flow columns is an extremely efficient way in which to undertake bio-exploration.

Provided Media
2.3 - 2.3.2_UV_Setting.tiff
2.3 - 2.3.2_UV_Setting_Highlighted.tiff
2.4 - 2.4.2_MS_Setting_1_Vaporizer.tiff
2.4 - 2.4.2_MS_Setting_2_CapillaryTemp.tiff
2.4 - 2.4.2_MS_Setting_3_AuxGas.tiff
2.4 - 2.4.2_MS_Setting_4_SheathGas.tiff

2.4 - 2.4.2_MS_Setting_5_SprayVoltage.tiff
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.  

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.
( 2013, Journal of Visualized Experiments


