[image: ]FINAL SCRIPT: APPROVED FOR FILMING


Submission ID #: 59615
Scriptwriter Name: Brigid Stadinski
Project Page Link: http://www.jove.com/files_upload.php?src=18182623

Title: Characterization of Proteins by Size-Exclusion Chromatography Coupled to Multi-Angle Light Scattering (SEC-MALS) 

Authors and Affiliations: 

Daniel Some1, Hadar Amartely2, Ayala Tsadok3 and Mario Lebendiker2

1Wyatt Technology Corporation, Santa Barbara, CA, USA 
2Wolfson Centre for Applied Structural Biology, The Alexander Silberman Institute of Life Science, The Hebrew University of Jerusalem, Jerusalem, Israel.
3Danyel Biotech Ltd., Rehovot, Israel 

Corresponding Author: 
Daniel Some
dsome@wyatt.com

Email addresses for Co-authors: 
Hadar Amartely (hadar.amartely@mail.huji.ac.il)
Ayala Tsadok (ayala@danyel.co.il)
Mario Lebendiker (mario.l@mail.huji.ac.il)






Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)  N
Can you record movies/images using your own microscope camera? (Y/N) N/A
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.

2. Does your protocol include 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.

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)

4. 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.)

5. Will the filming need to take place in multiple locations? (Y/N) N
If yes, how far apart are the locations? 


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.


1. REQUIRED Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.1. Dan Some: SEC-MALS is a quantitative method for determining the molecular weight, size, and conformation of macromolecules in solution. It can identify oligomers and complexes, and characterize difficult samples like glycoproteins and membrane proteins [1].

1.1.1. INTERVIEW: Named scientist says the statement above in an interview-style shot, looking slightly off-camera.

1.2. Hadar Amartely: SEC-MALS is an absolute method. It relies on fundamental physics and does not depend on calibration against molecular standards, the molecule’s conformation, or how it interacts with the separation medium [1]. 

1.2.1. INTERVIEW: Named scientist says the statement above in an interview-style shot, looking slightly off-camera.

OPTIONAL Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.3. [bookmark: _Hlk4872102]Mario Lebendiker: SEC-MALS can be applied to many systems that are separated by SEC, from peptides and small polymers to proteins, nucleic acids, polysaccharides, synthetic polymers, virus-like particles and small viruses [1].  

1.3.1. INTERVIEW: Named scientist says the statement above in an interview-style shot, looking slightly off-camera.

1.4. [bookmark: _Hlk4872537]Ayala Tsadok: It is important to verify that your system and buffers meet the vendor’s recommendations for low particulate content. Consult with the vendor’s technical support representative to be sure [1].  

1.4.1. INTERVIEW: Named scientist says the statement above in an interview-style shot, looking slightly off-camera.



Section - Protocol
2. [bookmark: _Ref533112361][bookmark: _Hlk533427531]Preparation of Buffers, System, and Sample, and Loading of Sample
2.1. Begin this procedure with preparation of the SEC-MALS (S-E-C mahls) system as described in the text protocol [1].
2.1.1. WIDE: Scientist works to prepare the FPLC.
2.2. Using HPLC-grade reagents, prepare 1 Liter of phosphate-buffered saline with 50 to 100 milliMolar sodium chloride [1]. Filter the buffer to 0.1 micron using a bottle-top polyether sulfone filter or similar [2].
2.2.1. MED: Scientist dissolves sodium chloride in water. Use labeled containers whenever possible to help with viewer clarity. 
2.2.2. CU: Bottle-top filter as scientist pours the solution into it to filter.
2.3. Filter the first 50 to 100 milliliters of buffer to a waste bottle in order to eliminate particulates from the dry filters [1]. Then, filter the remainder to a clean, sterile bottle that has been previously washed with filtered, de-ionized water, and capped to prevent dust from entering [2].
2.3.1. CU: Solution filters into a waste bottle.
2.3.2. CU: Sterile bottle as scientist attaches the filter there and begins filtering the solution there. 
2.4. Flush the column overnight at a flow rate of 0.5 milliliters per minute to equilibrate the column in the buffer and remove particulates [1]. 
2.4.1. WIDE: Scientist sets up the FPLC for the overnight run.
2.5. Use the FPLC’s Continuous flow mode and ensure that the flow does not stop until all SEC-MALS runs are complete. Place the dRI (D-R-I) flow cell in Purge mode during the overnight flush [1-TXT]. 
2.5.1. SCREEN: To be provided by the authors - Screen capture movie of the FPLC software as scientist uses the FPLC’s Continuous flow mode. Then scientist places the dRI flow cell in Purge mode during the overnight flush. Authors, please upload this screen capture to your project page. TEXT (video editors, please show for first sentence): FPLC = fast protein liquid chromatography 
2.6. When beginning the flush, gradually ramp the flow rate to prevent the "column shedding" effect caused by a sudden change of pressure in the column [1]. Turn the purge off before beginning sample runs [2].
2.6.1. SCREEN: To be provided by the authors - Screen capture movie of the FPLC software as scientist gradually ramp the flow rate to flush avoiding a sudden change of pressure in the column. Then scientist turns the purge off before beginning sample runs. Authors, please upload this screen capture to your project page.
2.6.2. MED: Scientist turns the purge off.
2.7. Check system cleanliness by lightly tapping the tubing downstream of the column to release accumulated particles [1]. 
2.7.1. CU: Tubing as scientist lightly taps it downstream of the column.
2.8. Observe the signal in the 90 degree detector on the front-panel display of the MALS instrument. Verify that the peak-to-peak noise is no more than 50 to 100 microVolts [1]. Also verify that the refractive index, or RI, signal is stable to less than 1 x 10-7 (1 times ten-to-the minus-seven) refractive index units [2].
2.8.1. CU: MALS instrument display showing peak-to-peak noise is no more than 50 to 100 microVolts.
2.8.2. CU: RI instrument display showing RI signal stable to within 1x10-7 RIU.
2.9. Perform a ‘blank’ injection to verify that the injector is clean of particles. A ‘blank’ is simply the running buffer, prepared in a fresh, sterile vial [1].
2.9.1. CU: Blank injection as scientist loads it onto the machine. 
2.10. If the particle peak is no more than 1 milliliter in volume and no more than 5 milliVolts above baseline, then the system is ready for samples [1]. Otherwise, perform additional blank injections until clean, or perform maintenance to clean the injector [2].
2.10.1. MED-over the shoulder: Scientist observes the particle peak on the display.
2.10.2. Use 2.9.1.
2.11. Now, prepare at least 200 microliters of BSA at 1 to 2 milligrams per milliliter in the SEC buffer [1-TXT]. Filter the protein to 0.02 microns using a syringe-tip filter. Discard the first few drops of filtrate in order to eliminate particles from the dry filters [2].
2.11.1. MED: Scientist prepares 200 microliters of BSA at 1 to 2 milligrams per milliliter in the SEC buffer. Use labeled containers whenever possible for viewer clarity. TEXT: BSA = bovine serum albumin
2.11.2. CU: Syringe as scientist filters the protein, discarding the first few drops.
2.12. Alternatively, centrifuge the sample at 10,000 x g for 15 minutes to enable precipitation of non-soluble aggregates and other large particles [1].
2.12.1. MED: Talent places the sample into the centrifuge, shuts lid and starts run. 
2.13. Then, inject 100 microliters of the BSA solution into the loop [1].
2.13.1. CU: Loop as scientist injects 100 microliters of the BSA solution there. 
3. Preparation of the MALS software and the FPLC software
3.1. Open New, Experiment from Method in the MALS software menu. Then, select the Online method from the Light Scattering system methods folder. If a DLS detector is present, select the Online method from the Light Scattering, With QELS folder [1].
3.1.1. SCREEN: To be provided by the authors - Screen capture movie of the MALS software as scientist opens New | Experiment from Method in the MALS software menu and selects the Online method from the Light Scattering system methods folder. Scientist demonstrates selecting the Online method from the Light Scattering | With QELS folder. Authors, please upload this screen capture to your project page.
3.2. Set parameters of the sample and mobile phase in the Configuration section. In the Generic Pump view, set the flow rate to that used in the FPLC. Then, navigate to the Generic Pump view, Solvent branch, Name field, and select PBS [1]. 
3.2.1. SCREEN: To be provided by the authors - Screen capture movie of the MALS software as scientist navigates to the Configuration section, sets parameters of the sample and mobile phase. In the Generic Pump view, scientist sets the flow rate to that used in the FPLC. In the Generic Pump view, Solvent branch, Name field, scientist selects PBS. Authors, please upload this screen capture to your project page.
3.3. In the Injector view, Sample branch, enter the Name as BSA. Set dn/dc (D-N-D-C) to 0.185, set A2 to zero, and set the UV extinction coefficient to 0.667 milliliters per milligram-centimeter [1]. 
3.3.1. SCREEN: To be provided by the authors - Screen capture movie of the MALS software as scientist navigates to the Injector view, Sample branch, and enters the Name as BSA. Scientist sets dn/dc to 0.185, A2 to zero, and UV extinction coefficient to 0.667 milliliters per milligram-centimeter. Authors, please upload this screen capture to your project page.
3.4. In the Procedures section, Basic Collection view, select the checkbox Trigger on Autoinject. Set the duration of the run to 70 minutes so that data are collected for the entire elution until the total permeation volume of the SEC column is reached [1].
3.4.1. SCREEN: To be provided by the authors - Screen capture movie of the MALS software as scientist navigates to the Procedures section, Basic Collection view, selects the checkbox Trigger on Autoinject. Scientist sets the duration of the run to 70 minutes so that data are collected for the entire elution until the total permeation volume of the SEC column is reached. Authors, please upload this screen capture to your project page.
3.5. Start the experiment in the MALS software by clicking on the Run button. It will start reading the data after receiving the pulse signal from the FPLC instrument via the MALS detector [1].
3.5.1. SCREEN: To be provided by the authors - Screen capture movie of the MALS software as scientist clicks Run and data from the MALS detector appears on screen. Authors, please upload this screen capture to your project page.
3.6. [bookmark: _Ref533112377]Zero the dRI signal by clicking the Autozero button on the instrument’s front panel [1].
3.6.1. CU: Front panel as scientist clicks the Autozero button.
3.7. Working in the FPLC software, navigate to Manual, Execute manual instructions, Set mark and insert the name of protein and the run. Switch the injection valve from Manual load to Inject under Flow path, Injection valve [1].
3.7.1. SCREEN: To be provided by the authors - Screen capture movie of the FPLC software as scientist navigates to Manual, Execute manual instructions, Set mark and inserts the name of protein and the run. Scientist switches the injection valve from Manual load to Inject under Flow path, Injection valve. Authors, please upload this screen capture to your project page.
3.8. Include a pulse signal by inserting a 0.5 second pulse under I/O (I-O) box, Pulse digital out. This will trigger data collection in the MALS software [1].
3.8.1. SCREEN: To be provided by the authors - Screen capture movie of the FPLC software as scientist includes a pulse signal by inserting a 0.5 second pulse under I/O box, Pulse digital out. Authors, please upload this screen capture to your project page.
3.9. Now, inject the sample into the loop [1]. Click Execute in the FPLC software to start the experiment run [2].
3.9.1. Use 2.13.1.
3.9.2. MED-over the shoulder: Scientist clicks Execute in the FPLC software to start the experiment run. NOTE: This was not filmed, use screen capture instead. 
4. [bookmark: _Ref533112659]Analysis of SEC-MALS BSA Data
4.1. Perform analysis, step by step, under the Procedures section in MALS software. Verify that peaks appear, at approximately the same elution volume in UV, MALS and RI, by checking the Basic Collection view. In the Baseline view, define baseline for all signals [1]. 
4.1.1. SCREEN: To be provided by the authors - Screen capture movie in the MALS software as scientist checks the Basic Collection view. Then scientist navigates to the Baseline view and defines baseline for all signals. Authors, please upload this screen capture to your project page.
4.2. [bookmark: _Ref533112717]In the Peaks view, define the peaks to be analyzed by clicking and dragging the mouse. Select the central 50% of each peak. First select the monomer peak and then the dimer peak. Under each peak, verify the correct values of dn/dc and extinction coefficient at 280 nanometers, for BSA [1-TXT]. 
4.2.1. SCREEN: To be provided by the authors - Screen capture movie in the MALS software as scientist navigates to the Peaks view and defines the peaks to be analyzed by clicking and dragging the mouse. Then scientist selects the central 50% of the monomer peak verifies correct values of dn/dc equal to 0.185 and UV 280 nanometer extinction coefficient equal to 0.667 for BSA under the peak. Authors, please upload this screen capture to your project page.  TEXT (show as he last sentence is narrated): BSA dn/dc = 0.185; UV 280 nm extinction coefficient = 0.66
4.3. In the Procedures, Alignment view, select the central region of the peaks by clicking and dragging the mouse. Click Align Signals and then OK [1].
4.3.1. SCREEN: To be provided by the authors - Screen capture movie of the MALS software as scientist navigates to Procedures, Alignment view and selects the central region of the peaks by clicking and dragging the mouse, click Align Signals and then OK. Authors, please upload this screen capture to your project page.
4.4. In the Procedures, Band Broadening view, choose the central 50% of the monomer peak. Make sure the refractive index detector is specified as the Reference Instrument. Then click Perform Fit and Apply to match the UV and light scattering signals to the refractive index signal [1]. Author NOTE: the first part of 4.5.1 “Zoom in to the peaks to verify that they overlap very closely within the central 50 to 70 percent, and then click OK” is actually at the end of 4.4.1 since it pertains to the action carried out there. The screen capture for 4.5.1 is the remainder “In the Procedures, Normalization view…”
4.4.1. [bookmark: _GoBack]SCREEN: To be provided by the authors - Screen capture movie of the MALS software as scientist navigates to the Procedures, Band Broadening view, and chooses the central 50% of the monomer peak. Scientist ensures the refractive index detector is specified as the Reference Instrument. Then scientist clicks Perform Fit and Apply to match the UV and light scattering signals to the refractive index signal. Authors, please upload this screen capture to your project page.
4.5. Zoom in to the peaks to verify that they overlap very closely within the central 50 to 70 percent, and then click OK.  In the Procedures, Normalization view, select Peak 1. Enter 3.0 nanometers as the Rg (R-G) value, click Normalize, and then click OK [1].
4.5.1. SCREEN: To be provided by the authors - Screen capture movie of the MALS software as scientist zooms into the peaks to verify that they overlay very closely within the central 50 to 70 percent, and then click OK. Scientist navigates to the Procedures, Normalization view, selects Peak 1, enters 3.0 nm as the Rg value, clicks Normalize and then OK. Authors, please upload this screen capture to your project page.
4.6. View the graph of the results in the EASI (easy) Graph view. Select Molar Mass from the Display drop-down at the top of the window. Use control-click and drag to zoom into the peak region [1].
4.6.1. SCREEN: To be provided by the authors - Screen capture movie of the MALS software as scientist views the graph of the results in the EASI Graph view. Scientist selects Molar Mass from the Display drop-down at the top of the window. Use control-click and drags to zoom in on the peak region. Authors, please upload this screen capture to your project page.
4.7. [bookmark: _Ref533112349]To view the final tabulated weight-average molar mass results for the monomer and dimer peaks, navigate to Peak Results, Molar mass moments, Mw, and select the Results, Report-summary. Purity is reported under Peak Results, Mass fraction [1].
4.7.1. SCREEN: To be provided by the authors - Screen capture movie of the MALS software as scientist navigates to the Peak Results, Molar mass moments, Mw and to Results, Report-summary to view the final tabulated weight-average molar mass results. Then scientist navigates to Peak Results, Mass fraction to see the purity. Authors, please upload this screen capture to your project page.
4.8. From the File menu, select Save as Method and save the analyzed BSA data as a standard method for future measurements of all types of proteins. The normalization and band-broadening parameters determined for BSA will be carried over in the analysis [1].
4.8.1. SCREEN: To be provided by the authors - Screen capture movie of the MALS software as scientist navigates to the File menu, selects Save as Method and saves the analyzed BSA data as a standard method for future measurements of all types of proteins. Authors, please upload this screen capture to your project page.


Section – Results
5. Results: SEC-MALS Analysis 
Video editors, please see “Some et al SEC-MALS JoVE - Figures 2b.pptx” for a layered powerpoint file with each panel.
5.1. Shown here are SEC-MALS analyses of BSA using a 200 Angstrom pore size-exclusion column. Chromatogram traces are normalized to the monomer peak and offset for clarity [1].
5.1.1. LAB MEDIA: Figure 1 final.pdf - Video editors, please remove the “A” and “B” labels.  
5.2. Common artifacts that may be ignored are pointed out [1], including a particle peak near the beginning of the light scattering signal… [2] as well as salt and dissolved air peaks near the total permeation volume in the refractive index signal [3]. 
5.2.1. LAB MEDIA: Figure 1 final.pdf - Video editors, please zoom into the left panel.
5.2.2. LAB MEDIA: Figure 1 final.pdf - Video editors, staying zoomed in, please emphasize the text “particle peak” and the correlating arrow.
5.2.3. LAB MEDIA: Figure 1 final.pdf - Video editors, staying zoomed in, please emphasize the text “salt peak” and “dissolved air peak” and the correlating arrows.
5.3. The chromatogram exhibits excellent monomer-dimer-trimer separation and the light scattering signal exhibits high signal-to-noise. The monomer and dimer weight-average molar mass values exhibit high homogeneity [1]. 
5.3.1. LAB MEDIA: Figure 1 final.pdf - Video editors, staying zoomed in, please pan over to the right panel.
5.4. Here are examples of low-quality SEC-MALS analyses [1]. 
5.4.1. LAB MEDIA: Figure 2 final.pdf - Video editors, please remove the “A” and “B” labels.
5.5. In this example, inadequate separation on a 75 Angstrom pore size exclusion column results in a particle peak between 8 to 9 minutes that is not well separated from the proteins [1]. 
5.5.1. LAB MEDIA: Figure 2 final.pdf - Video editors, please zoom into the left panel and then emphasize the text “particle or aggregate peak” and the correlating arrow.
5.6. Here, there is an inadequate signal-to-noise ratio, and extensive particles adjacent to the proteins are apparent in the light scattering signal [1].
5.6.1. LAB MEDIA: Figure 2 final.pdf - Video editors, staying zoomed in, please pan over to the right panel and then emphasize the text “Noisy LS signal” and the correlating arrow.




Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
6.1. [bookmark: _Hlk4928760][bookmark: _Hlk4928638]Hadar Amartely: The keys to good SEC-MALS results are [1]: selecting an appropriate column… [2], ensuring that the system is equilibrated with low light-scattering noise… [3], and pre-filtering or centrifuging the samples to remove particles [4]. 

6.1.1. INTERVIEW: Named scientist says the statement above in an interview-style shot, looking slightly off-camera.

6.1.2. Shot 2.7.1 can be used here.

6.1.3. Shot 2.8.1 can be used here.

6.1.4. Shot 2.11.2 can be used here.

6.2. [bookmark: _Hlk4929222]Dan Some: Following SEC-MALS, protein samples can be further analyzed for binding affinity by ELISA, SPR, ITC, BLI, MST, or CG-MALS. Its structure may be determined by x-ray crystallography, cryo-EM, or NMR [1].

6.2.1. INTERVIEW: Named scientist says the statement above in an interview-style shot, looking slightly off-camera.
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