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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N

2. Does your protocol include software usage? 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.)
3.10, 4.2, 4.9, 4.10

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.)
Baseline subtraction – steps 4.5 and 4.6 

5. Will the filming need to take place in multiple locations? N


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

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

1.1. [bookmark: _Hlk535268066]Mario Lebendiker: This protocol presents IEX-MALS, a novel method for protein quality control and characterization, quality control that is essential for consistency and integrity of results in life science research and biopharmaceutical product development [1].
1.1.1. INTERVIEW

1.2. [bookmark: _Hlk535269103]Hadar Amartely: IEX-MALS determines protein purity, oligomeric state, homogeneity, identity, conformation, structure, post-translation modifications and other properties. Measurements are non-destructive and are made in solution, under near-physiological buffer conditions [1]. 
1.2.1. INTERVIEW

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


1.3. [bookmark: _Hlk535270077]Ayala Tsadok: This method accurate determines molar mass of proteins or peptides, their oligomeric state, and the degree of conjugation in, for example, glycoproteins. It can be applied also to membrane proteins [1].
1.3.1. INTERVIEW








Section - Protocol
2. Preparation of the Buffer
2.1. To begin, use a 0.1-micrometer filter to filter all reagents, including the washing and elution buffers [1]. Filter the first 50–100 milliliters of buffer into a waste bottle in order to eliminate particulates from the dry filters [2]. 
2.1.1. WIDE: Talent prepares for the filter holder.
2.1.2. MED: Talent filters buffer into waste bottle.
2.2. In a clean, sterile bottle that has been washed thoroughly with filtered water and capped to prevent dust from entering [1], filter the remainder of the buffer [2].
2.2.1. CU: Talent shows the capped sterile bottle.
2.2.2. MED: Talent filter the remainder into the bottle.
2.3. With pH 8 Tris buffer and 50 millimolar sodium chloride [1], dilute a BSA (pronounce as B-S-A) sample to 6 milligrams per milliliter, so the pH and ionic strength will allow binding to the ion exchange column [2-TXT]. Use a syringe to inject at least 0.3–0.5 milligrams of BSA into a 1 milliliter column for achieving a good-quality MALS (pronounce as Mahls) analysis [3-TXT]. 
2.3.1. MED: Talent shows the buffer and sodium chloride buffer.
2.3.2. CU: Talent adds buffer and NaCl into BSA sample. TEXT: final BSA concentration: 6 mg/mL
2.3.3. MED: Talent injects BSA into loop. TEXT: column dimension: 5/50 mm

3. IEX-MALS Experiment
3.1. For starting IEX-MALS (pronounce as ion exchange mahls) experiment, open New Experiment from Method in the MALS software and select the online method from the Light Scattering system methods folder [1]. If the DLS (pronounce as D-L-S) module is available and DLS data are to be acquired, select the online method from the Light Scattering With QELS (pronounce as Kwehls) subfolder [2-TXT].
3.1.1. SCREEN: Talent opens Method and select in the MALS software. Author comment: Please take screen shot between 0.03-0.17 
3.1.2. SCREEN: Talent points to Light Scattering\With QELS file and selects online method. TEXT: DLS: dynamic light-scattering Author comment: Please take screen shot between 0.03-0.20
3.2. To set the parameters, under the Configuration section, first set the flow rate of the run in the Generic Pump section to the flow rate used in the FPLC (pronounce as F-P-L-C) as 1.5 milliters per minute [1-TXT]. Under the Solvent section, enter or verify the buffer parameters [2].
3.2.1. SCREEN: Talent sets the flow rate of the run. TEXT: FPLC: fast protein liquid chromatography Author comment: Please take screen shot between 0.03-0.16
3.2.2. SCREEN: Talent sets the solvent section. Author comment: Please take screen shot between 0.02-0.21
3.3. Under the Injector section, enter the protein name as BSA [1], refractive index increment as 0.185 milliliters per gram [2], UV extinction coefficient at the wavelength of 280 nanometers as 0.66 grams per liter per centimeter [3].
3.3.1. SCREEN: Talent enters protein name under the injector section.
3.3.2. SCREEN: Talent enters refractive index increment.
3.3.3. SCREEN: Talent enters UV extinction coefficient. Author comment: 3.3.1, 3.3.2 and 3.3.3 were combined to one screen shot. Please take screen shot between 0.02-0.22
3.4. In the Sample tab, enter the concentration of the protein sample as 6 milligrams per milliliter [1], and then insert the sample volume for injection as 170 microliters as well [2].
3.4.1. SCREEN: Talent enters concentration of protein sample.  Author comment: Please take screen shot between 0.02-0.11
3.4.2. SCREEN: Talent inserts sample volume.  Author comment: Please take screen shot between 0.02-0.12
3.5. Under the Procedure section, in the Basic Collection tab, select the checkbox Trigger on Autoinject [1] and set the duration of the run to 70 milliliters so that data collection will be continued for at least 5 minutes after the gradient has reached its final value [2]. 
3.5.1. SCREEN: Talent selects checkbox trigger.
3.5.2. SCREEN: Talent sets duration of the run. Author comment: 3.5.1 and 3.5.2 were combined to one screen shot. Please take screen shot between 0.03-0.18.
3.6. Then, in the FPLC software, create a new experiment in the Method Editor tab [1]. For the initial experiment, create a linear gradient of salt or pH [2], while for the optimized method, create a more specific gradient [3] or a stepwise program according to the manuscript [4].
3.6.1. SCREEN: Talent creates new experiment in FPLC software. Author comment: Please take screen shot between 0.02-0.15 and 0.31-0.42 (it is more relevant but if you want you can use the whole shot – this is true for all 3.6+3.7 screen shots).
3.6.2. SCREEN: Talent points to linear gradient. Author comment: Please take screen shot between 0.14-0.19 and 0.29-0.32
3.6.3. SCREEN: Talent sets up more specific gradient. Author comment: Please take screen shot between 0.27-0.33 and 0.37-0.41
3.6.4. SCREEN: Talent points to stepwise program. Author comment: Please take screen shot between 0.45-0.49
3.7. [bookmark: _Hlk532802515]Include a pulse signal in the method that will trigger data collection in the MALS software [1]. Then, open pump valve and wash with 0.5 molar sodium hydroxide to remove strongly bound impurities followed by a neutralization buffer wash [2].
3.7.1. SCREEN: Talent includes pulse signal in the method. Author comment: Please take screen shot between 0.22-0.34
3.7.2. CU: Talent washes column. + camera moves from NaOH to computer screen.
3.8. [bookmark: _Hlk532801042]Then, wash the column with Tris buffer pH-8 [1], the A-valve with washing buffer [2-TXT], and B-valve with elution buffer [3-TXT]. Use the washing buffer with a low salt concentration as a final wash, to rinse the column to enable the binding of the protein to the column matrix [4].
3.8.1. MED: Talent insert A and B valves into the correct buffers.
3.8.2. MED: Talent washes A-valve. TEXT: A valve: 20 mM Tris-HCl, pH 8, with 50 mM NaCl  - Don’t use zoom movement.
3.8.3. [Split Shot] 3.8.3.a MED: Talent washes B-valve. TEXT: B valve: 20 mM Tris-HCl, pH 8, with 500 mM NaCl - Don’t use zoom movement.
Author comment: There is also a SCREEN capture 3.8.3.b or 3.8.3 a+b that you can choose to show instead. If you show SCREEN 3.8.3 a+b – please take screen shot between 0.02-0.11 and 0.59-1.30. If you show SCREEN 3.8.3 a – please take screen shot between 0.04-0.34
[Split Shot] 3.8.3.b SCREEN – increasing conductivity
3.8.4. SCREEN: a screen shot of all steps of washing including NaOH, Buffer A Buffer B and Buffer A again. Author comment: Please take screen shot of 3.8.4 with text, between 0.08-0.14
3.8.5. [Added Shot] MED: Shot for editing. Talent in front of computer. 
3.9. [bookmark: _Hlk535332288][bookmark: _Hlk535332203]Hadar Amartely, Before sample injection, after the wash, and at the end of the elution, the light scattering baseline must be stabilized, to ensure low noise and complete impurity elution [1]. 
3.9.1. INTERVIEW
3.10. Using a syringe, place the protein sample in the loop [1]. Start the experiment first in the MALS software by clicking on the Run button and then in the FPLC software [2]. Data will be collected after receiving the pulse signal from the FPLC instrument via the MALS detector [3].
3.10.1. CU: Talent places sample in the loop. Close up of the syringe and loop. Author comment: Please take shot 2.3.3
3.10.2. SCREEN: Talent starts MALS and the FPLC. Author comment: Please take screen shot between 0.02-0.14 and 0.18-0.26
3.10.3. SCREEN: screen shows data is being collected. Author comment: Please take screen shot between 0.09-0.30
3.11. If the IEX-MALS (pronounce as ion exchange mahls) is performed manually with a continuous-flow mode instead of a stand-alone method, apply the same parameters of the run and instructions as previously described [1].
3.11.1. Use 3.1.1.
3.12. Once the final method has been verified and run, perform exactly the same method using a blank injection by loading buffer instead of the sample [1]. It is important that the timing between the autoinject pulse and the gradient of the blank run is identical to that of the sample run [2].
3.12.1. CU: Talent loads buffer in the loop. Close up of the syringe and loop.
3.12.2. SCREEN: Talent points to time of autoinject pulse and gradient. Author comment: Please take screen shot between 0.19-0.32

4. Analysis of IEX-MALS Experimental Data
4.1. To begin analysis, under the procedure section in the MALS software [1], use the Despiking (pronounce as dees-piking) tab and the normal level to smooth the chromatograms. If they exhibit a lot of noise set the level to heavy [2].
4.1.1. SCREEN: Talent points to procedure section in MALS.
4.1.2. SCREEN: Talent smooths the noise. Author comment: 4.1.1 and 4.1.2 were combined to one screen shot. Please take screen shot between 0.02-0.22
4.2. In the Baseline view, define the baseline for all signals including LS (pronounce as L-S), UV (pronounce as U-V), and RI (pronounce as R-I) detectors [1]. In the Peaks view, define the peaks for analysis [2]. Verify the correct values of RI increment value dn/dc (pronounce as D-N-D-C) [3-TXT] and UV extinction coefficient for the protein under each peak [4].
4.2.1. SCREEN: Talent defines baseline for LS, UV and RI. Author comment: Please take screen shot between 0.03-0.41
4.2.2. SCREEN: Talent defines peaks.
4.2.3. SCREEN: Talent points to dn/dc. TEXT: 0.185 mL/g for proteins
4.2.4. SCREEN: Talent points to the UV extinction coefficient. 4.2.2, 4.2.3 and 4.2.4 were combined to one screen shot. Please take screen shot between 0.02-0.29
4.3. Under the Molar Mass and Radius from light scattering view [1], analyze the molar mass and the radius using the Zimm model and fit degree of zero [2]. If QELS (pronounce as ‘kwehls’) is available, under the Rh (pronounce as R-H) from QELS view observe Rh values and quality of fit of the correlation function [3-TXT]. 
4.3.1. SCREEN: Talent opens Molar Mass and Radius from LS view and points to molar mass & radius. Move the cursor in the graph and show how the values change along the peak. Author comment: Please take screen shot between 0.03-0.19
4.3.2. SCREEN: Talent opens Rh from QELS view and points to hydrodynamic radius. Move the cursor in the graph and show how the value changes along the peak.
4.3.3. SCREEN: Talent observes the fit. TEXT: Rh: hydrodynamic radius Author comment: 4.3.2 and 4.3.3 were combined to one screen shot. Please take screen shot between 0.03-0.25
4.4. The RI signal changes significantly during the IEX-MALS run due to the increase in salt concentration [1]. To subtract the baseline signal from the blank injection, open both the protein and blank IEX-MALS experiments [2]. 
4.4.1. SCREEN: Talent shows the RI signal changes. Author comment: Please take screen shot between 0.04-0.14
4.4.2. SCREEN: Talent opens both experiments. Author comment: Please take screen shot between 0.02-0.14
4.5. Right-click on the protein experiment name, select Apply Method, and choose the Baseline Subtraction folder from the file dialog [1]. Select the online method for standard molar mass analysis [2].
4.5.1. SCREEN: Talent select "applied method".
4.5.2. SCREEN: Talent opens online method. Author comment: 4.5.1 and 4.5.2 were combined to one screen shot. Please take screen shot between 0.03-0.24
4.6. Under the Baseline Subtraction view, click Import Blank to import the signals of the blank run [1]. Under Instruments, check all of the detectors to subtract [2]. 
4.6.1. SCREEN: Talent imports blank run.
4.6.2. SCREEN: Talent checks all detectors. Author comment: 4.6.1 and 4.6.2 were combined to one screen shot. Please take screen shot between 0.03-0.25
4.7. To calibrate the IEX-MALS system with BSA monomer, under the Procedures, Configuration view, align the peaks [1]. Under the Normalization view, enter 3.0 nanometers as the Rg (pronounce as R-G) value to perform normalization [2].
4.7.1. SCREEN: Talent aligns the peaks. 4.6.1 and 4.6.2 were combined to one screen shot. Author comment: Please take screen shot between 0.03-0.25
4.7.2. SCREEN: Talent enters Rg value. Author comment: Please take screen shot between 0.03-0.19
4.8. Then under Band Broadening in the same Configuration tab, choose the peak, and using the Perform Fit button to match the UV and LS signals to the RI signal [1]. The graph of the results is shown in the Results Fitting view [2].
4.8.1. SCREEN: Talent works under band broadening tab. Author comment: Please take screen shot between 0.02-0.28
4.8.2. SCREEN: Talent shows the results fitting view. Author comment: Please take screen shot between 0.03-0.11
4.9. Change the axis scales and other graph parameters by right-clicking on the graph, selecting Edit, and then clicking on the Advanced button [1]. To have more display options, select the EASI (pronounce as easy) Graph tab, and at the top of the window in the Display drop-down menu, select Molar Mass or Rh (Q) (pronounce as r-h-q) [2].
4.9.1. SCREEN: Talent changes axis scales. Author comment: Please take screen shot between 0.02-0.34
4.9.2. SCREEN: Talent shows more display options. Author comment: Please take screen shot between 0.03-0.18
4.10. All results, including molar mass, radius, level of purity, and others, are available in the Report view under the Results section [1]. Use the Report Designer button to add more results or parameters, as well as figures, to the report [2]. 
4.10.1. SCREEN: Talent shows report view. Author comment: Please take screen shot between 0.03-0.19
4.10.2. SCREEN: Talent adds more results. Author comment: Please take screen shot between 0.02-0.25


[bookmark: _GoBack]Section – Results
5. Results: Optimization of IEX-MALS Experiment for BSA
5.1. In this experiment, BSA was analyzed on IEX-MALS using an anion exchange analytical column [1]. The chromatograms display the UV at 280 nanometers [2], light scattering at a 90 degrees angle [3], the refractive index [4] and the conductivity curves [5], together with the molar mass of each peak [6]. 
5.1.1. Figure 1
5.1.2. Figure 1- Video editor: emphasize blue line
5.1.3. Figure 1- Video editor: emphasize red line
5.1.4. Figure 1- Video editor: emphasize pink line
5.1.5. Figure 1- Video editor: emphasize grey line
5.1.6. Figure 1- Video editor: emphasize black curves
5.2. A wide linear gradient consisting of 30 column volumes from 75 millimolar to 350 millimolar sodium chloride separated BSA monomers from dimers and higher oligomers [1]. Downstream MALS analysis resulted in a calculated monomer molar mass of 66.8 kilodaltons [2] and a calculated dimer molar mass of 130 kilodaltons [3].
5.2.1. Figure 1A
5.2.2. Figure 1A- Video editor: emphasize the first black curve
5.2.3. Figure 1A- Video editor: emphasize the second black curve
5.3. Based on the buffer conductivity at the eluted peaks [1], the gradient was changed to a different program: a long step of 175 millimolar sodium chloride [2] followed by a linear gradient from 175 millimolar to 500 millimolar sodium chloride [3]. 
5.3.1. Figure 1A- Video editor: emphasize the peak of the grey curve
5.3.2. Figure 1B- Video editor: emphasize the left half of the figure based on the x axis from 10-42 mL
5.3.3. Figure 1B- Video editor: Video editor: emphasize the right half of the figure based on the x axis from 42-60 mL
5.4. The new gradient greatly improved the resolution and produced excellent separation between BSA monomer [1] and higher oligomeric species [2].
5.4.1. Figure 1B- Video editor: emphasize the first black curve
5.4.2. Figure 1B- Video editor: emphasize the second black curve
5.5. A stepwise program of 200 millimolar and 250 millimolar sodium chloride was applied to focus also on the high oligomeric species [1]. It resulted in an excellent separation between BSA monomer [2], dimer [3] and trimer [4].
5.5.1. Figure 1C 
5.5.2. Figure 1C- Video editor: emphasize the first black curve
5.5.3. Figure 1C- Video editor: emphasize the second black curve
5.5.4. Figure 1C- Video editor: emphasize the third black curve


Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
6.1. [bookmark: _Hlk535332621]Hadar Amartely: Following this procedure, methods such as mass spectrometry, SDS-PAGE (pronounce as S-D-S page), activity and stability tests can be performed on each variant separated by IEX to identify and further characterize each variant [1].
6.1.1. INTERVIEW
6.2. Mario Lebendiker: We have found that IEX-MALS (pronounced ion exchange mahls) extends the power of MALS (pronounced mahls) analysis to samples that cannot be fully analyzed by SEC-MALS (pronounced S-E-C mahls). Separation by charge resolves distinct species that co-elute on SEC (pronounced ‘size exclusion chromatography’) [1].
6.2.1. INTERVIEW
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