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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) Y 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.) 2.1, 3.1, 3.5, 4.1 
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 4.1 (the users should pay attention to critical HS-MRM parameters like precursor retention time and CCS values)
E.  Will the filming need to take place in multiple locations? (Y/N) Y If yes, how far apart are the locations? 100 feet apart (the lab and the teleconference room are in the same building)
1. Introduction (Experimental Goal and Author Interviews) – At 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 the HS-MRM assay is to reduce the MRM interference phenomenon, which affects peptide or protein quantification, by combining ion mobility separation of peptide precursors with high-resolution mass spectrometric detection of fragment ions. (Intro) 
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Catalin Doneanu: This method can help answer key questions in the areas of biotherapeutic characterization, as well as protein/peptide biomarker quantification and quantitative proteomics. 
1.2. Catalin Doneanu: The main advantage of this technique is that it allows detection of low-abundance host cell proteins that might be present in biopharmaceutical proteins. 

Protocol (read by voice talent at JoVE):
2. Setup of the LC-HDMSE (High Definition MSE) Data Acquisition Method
2.1. First, click on “Create - Analysis Method” in the data acquisition software and choose “Generate an acquire and process method”. Type the method name and description, browse to the method folder, and click “Next”. For “Analysis Type,” choose “Peptide Map (IMS)” and click “Next”. Then, select the current system configuration, and click “Next” and “Finish” [1-SCREEN-TXT]. 
2.1.1. 55325_Doneanu_SCREEN_2.1.1.mp4. TEXT: LC/HDMSE method opens automatically.

2.2. In the newly created method click on the Instruments tab, select the Binary Solvent Manager and edit the Gradient settings to achieve peptide separation at a flow rate of 0.2 milliliters per minute. Use a gradient elution from 1 to 40 percent Solvent B in 30 minutes, followed by a 2-minute column wash and a 10-minute equilibration, with a total runtime of 45 minutes [1-SCREEN].  
2.2.1. 55325_Doneanu_SCREEN_2.2.1.mp4.
2.3. Next, select the Sample Manager and set the sample temperature to 10 degrees Celsius and the column temperature to 60 degrees Celsius [1-SCREEN].
2.3.1. 55325_Doneanu_SCREEN_2.3.1.mp4.
2.4. In the Instruments tab, select the Vion IMS QTof instrument. In the Settings section, select Sensitivity for Analyzer mode and enter 3 kilovolts for capillary voltage, 100 degrees Celsius for source temperature, 250 degrees Celsius for desolvation temperature, 50 liters per hour for cone gas flow, and 500 liters per hour for desolvation gas flow [1-SCREEN]. 
2.4.1. 55325_Doneanu_SCREEN_2.4.1.mp4.
2.5. Click on the Experiment tab and select “High Definition MSE” for mode. Then, enter 100 for low mass, 2,000 for high mass, and 0.4 seconds for scan time. In the Collision energy section, type 6 electron volts for the low energy setting and choose a high energy ramp from 15 to 40 electron volts. For the acquisition time, use a custom runtime between 5 and 30 minutes [1-SCREEN-TXT].
2.5.1. 55325_Doneanu_SCREEN_2.5.1.mp4. TEXT: Leave “Enable Tof data reduction on acquired data” unchecked.
2.6. Next, click on the Options tab and select the automatic lock correction mode with an automatic lock correction interval of 5 minutes. Then, select the “Continue with lock correction” option and make sure that the automatic detector check is disabled [1-SCREEN].
2.6.1. 55325_Doneanu_SCREEN_2.6.1.mp4.
2.7. In the current system configuration menu select the Vion IMS QTof instrument and click on Tools. Enter 3 kilovolts for capillary voltage, 40 volts for sampling cone, 100 volts for source offset, 100 degrees Celsius for source temperature, 250 degrees Celsius for desolvation temperature, 50 liters per hour for cone gas flow, 500 liters per hour for desolvation gas flow, and 3 kilovolts for reference capillary voltage [1-SCREEN].
2.7.1. 55325_Doneanu_SCREEN_2.7.1.mp4.
2.8. Analyze a previously prepared 10-nanomolar, PHO-spiked (pronounced fo-spiked) sample using the LC/HDMSE assay just described by injecting 10 microliters of sample into the instrument [1-MED-over the shoulder-TXT]. 
2.8.1. Talent places sample in instrument and sits down at computer to check software as the autosampler of the instrument injects the sample. TEXT: 100 fmol loaded on-column for each standard.

3. Setup of the Tof-MRM Method for Collision Energy Optimization and the Final HS-MRM Acquisition Method for Peptide Quantification 
3.1. In the data acquisition software, click on “Create - Analysis Method” and choose “Generate an acquire and process method”. Type the method name and description, browse to the method folder, and click “Next”. For Analysis Type, choose Quantify, select “Quantify Assay Tof 2D chromatographic”, and click “Next.” Then, select the current system configuration and click “Next” and “Finish” [1-SCREEN-TXT].

3.1.1. 55325_Doneanu_SCREEN_3.1.1.mp4. TEXT: Tof-MRM method opens automatically.
3.2. Click on the Instruments tab in the newly created method. Select the Binary Solvent Manager and edit the gradient settings to achieve peptide separation at a flow rate of 0.2 milliliters per minute. Use a gradient elution from 1 to 40 percent Solvent B in 30 minutes, followed by a 2-minute column wash and a 10-minute equilibration, with a total run time of 45 minutes [1-SCREEN]. 
3.2.1. 55325_Doneanu_SCREEN_3.2.1.mp4.
3.3. In the Instruments tab, select the Sample Manager and set the sample temperature to 10 degrees Celsius and the column temperature to 60 degrees Celsius [1-SCREEN]. 
3.3.1. 55325_Doneanu_SCREEN_3.3.1.mp4.
3.4. Now, select the Vion IMS QTof instrument and in the Settings section, select Sensitivity for Analyzer mode. Then, enter 3 kilovolts for capillary voltage, 100 degrees Celsius for source temperature, 250 degrees Celsius for desolvation temperature, 50 liters per hour for cone gas flow, and 500 liters per hour for desolvation gas flow [1-SCREEN]. 
3.4.1. 55325_Doneanu_SCREEN_3.4.1.mp4.
3.5. Click on the Experiment tab and for Experiment type, choose “Function Table - One or more MS, MSMS or MRM functions”. Delete the default acquisition function, click on “Add + MRM”, and edit the retention window parameters in the Run time section. In the Tof MRM function editor, enter the peptide precursor mass-to-charge ratio, select “Low” for precursor resolution, and enter the precursor charge state. [1-SCREEN-TXT].

3.5.1. 55325_Doneanu_SCREEN_3.5.1.mp4. TEXT: See Figure 3. 
3.5A.
Then, input the product mass-to-charge ratio, 16 electron volts for the starting collision energy, 0.1 seconds for the fixed scan time, and “Wide” for the Spectrum column. Using the Duplicate button, add 10 more MRM transitions and use different collision energy values in the range of 18 to 36 electron volts [3.5.1-TXT].
3.5.1A.
55325_Doneanu_SCREEN_3.5.1.mp4. TEXT: See Figure 3. (Editor: This was the end-half of 3.5. I split it up because the VO was too long. Leave the text overlay up for all 3.5 and 3.5A)
3.6. Next, set up an HS-MRM method containing only one fragment ion per peptide. Modify the previously created Tof-MRM method by selecting the HS-MRM function instead of the Tof-MRM function. In the HS-MRM function editor, enter the mass-to-charge ratio, select “Low” for precursor resolution, and enter the precursor charge state. [1-SCREEN-TXT]. 
3.6.1. 55325_Doneanu_SCREEN_3.6.1.mp4. See Figure 4.
3.6A. 
Then, input the precursor CCS value and select “Low” for precursor CCS resolution. For the product ion, enter its mass-to-charge ratio, select the optimum collision energy, choose a scan time of 0.4 seconds, and select a “Wide” spectrum setting to include all of its isotopes [3.6.1A].
3.61A. 
55325_Doneanu_SCREEN_3.6.1.mp4. See Figure 4. (Editor: This was the end-half of 3.5. I split it up because the VO was too long)
4. Creation of a Processing Method for the Analysis of the HS-MRM Dataset
4.1. In analysis method created for the “HS-MRM” data acquisition method, click on the Purpose tab and choose “Manage Components”. From the dropdown menu under Experiment Type, select the “HS MSMS / HS MRM” option. Click on Create and enter the component name, expected retention time, extraction time window, and precursor mass-to-charge ratio. [1-SCREEN].
4.1.1. 55325_Doneanu_SCREEN_4.1.1.mp4.
4.1A.
Select XIC extraction mode and type the expected CCS value. For the fragment ion, enter its charge state and mass-to-charge ratio. Then, enter all peptide components monitored by the HS-MRM assay [4.1.1A].

4.1.1A. 
55325_Doneanu_SCREEN_4.1.1.mp4. (Editor: This was the end-half of 3.5. I split it up because the VO was too long)
4.2. In the Purpose tab of the same “HS-MRM” acquisition method, click on “Default Amounts” and enter 0.1, 1, 10, and 100 nanomolar for all PHO peptide components. After entering the first value, right click and select the “Fill Down” option to enter the same concentration for all components. Repeat the same procedure for all four concentrations of the calibration curve [1-SCREEN].
4.2.1. 55325_Doneanu_SCREEN_4.2.1.mp4.
4.3. Now, move to the Processing tab and click on “Extraction Settings”. Input 10 ppm for mass tolerance. Then, click on “CCS / Drift Time Tolerance” and input 5 percent for CCS tolerance [1-SCREEN-TXT].

4.3.1. 55325_Doneanu_SCREEN_4.3.1.mp4. TEXT: See Figure 5 for PHO peptide processing method. 
4.4. In the Processing tab, select the Peak Processing Settings. In the Smooth section, select Mean as the smoothing algorithm, 1 as the half width, and 1 as the iterations. In the Integrate section make sure that the “Automatic peak width” and “Automatic detection” options are both checked [1-SCREEN].
4.4.1. 55325_Doneanu_SCREEN_4.4.1.mp4.
4.5. Next, select the Targeted Screen Settings in the Processing tab and select the option of “Closest to RT in the RT window”. Then, input 0.2 minutes for the retention time tolerance [1-SCREEN].
4.5.1. 55325_Doneanu_SCREEN_4.5.1.mp4.
4.6. Select “Quantitation Settings” and in the Calibrate menu choose linear for calibration curve fit type, 1 over x squared for weight type, concentration for component value type, millimoles per liter for component value units, and none for compute calibration points by averaging. In the Quantify menu, select Area as the response value [1-SCREEN].  
4.6.1. 55325_Doneanu_SCREEN_4.6.1.mp4.
5. Results: An HS-MRM Assay for Quantification of Host Cell Protein Peptides in a Monoclonal Antibody Digest
5.1. The individual sequences of six phosphorylase b peptide standards contained in the PHO peptide mixture are shown here, along with their retention times and their most abundant precursors observed in the HDMSE experiment [1-LM].  
5.1.1. Table_1.xlsx: Highlight bold numbers at mention of “most abundant precursors”.
5.2. The HDMSE spectra acquired for one of the PHO peptides spiked in the infliximab digest are displayed here [1-LM]. 
5.2.1. 55325fig2.jpg, 55325fig2large.jpg, Figure 2.pdf 

5.3. After establishing the 3 best “transitions” for each peptide, a Tof-MRM experiment was performed to find the optimum collision energy to maximize the signals generated for each peptide [1-LM]. The final HS-MRM assay retains only the best “transition” for each peptide and is used for analyzing all spiked samples [2-LM]. 
5.3.1. Revised Table_2.xlsx: Highlight “m/z & charge” column and columns I, II, and III at mention of “the 3 best “transitions”” and “Optimum CE (V)” column at mention of “optimum collision energy”.
5.3.2. Revised Figure 4.pdf 

5.4. Examples of HS-MRM chromatograms generated for the PHO peptides across all the concentrations are presented here [1-LM]. The calibration curves obtained for each peptide following the integration of the HS-MRM peaks are displayed here [2-LM]. The peak area relative standard deviation, calculated based on 4 replicate injections, is summarized here [3-LM].  
5.4.1. 55325fig7.jpg, 55325fig7large.jpg, Figure 7.pdf: If not possible to show all chromatograms (A-D), show 1 fmole and 10 fmole chromatograms of figures A and B and 1 fmole and 10 fmole chromatograms of figures C and D side-by-side, zooming into figures A and B first followed by figures C and D. If there isn’t sufficient time for this option, show 1 fmole chromatograms of figures A, B, C, and D.
5.4.2. 55325fig8.jpg, 55325fig8large.jpg, Figure 8.pdf: If not possible to show the 4 figures (A-D), show the top part of each figure (the calibration curves) and zoom into two curves at a time (A on top, B on bottom and then C on top, D on bottom). If there isn’t sufficient time for this option, show the first set (A and B). 
5.4.3. Table_3.xlsx: If not possible to show all 4 tables, show/zoom into the top 2 tables (Pep 2 and Pep 4).
6. Conclusion (said by authors on camera)

6.1. Catalin Doneanu: Because the HS-MRM assay incorporates both ion mobility precursor separation and targeted high resolution mass spectrometric detection, it has great potential for becoming a fast, high throughput monitoring assay for multiple HCPs across batches of biopharmaceuticals.
6.2. Catalin Doneanu: After watching this video, you should have a good understanding of how to setup an HS-MRM assay on a Vion IMS QTof instrument.
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:
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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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