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[bookmark: BackToTop]A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N 
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. Please see the Screen Capture Footage Instructions section for more information.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps by their protocol numbers. Please do not list entire sections of the protocol. 
Steps 3.10, 3.11, 3.12, 4.5, 4.6, 5.1, 5.4
Authors: As some protocol steps have been split into multiple scripted steps, please check these steps and indicate the six most important of these.
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 by their protocol numbers. Please do not list an entire section.
Step(s) 4.5, 4.6
E.  Will the filming need to take place in multiple locations? (Y/N) Y
If yes, how far apart are the locations? 300 m


1. Introduction (Experimental Goal and Author Interviews) – The introduction should clearly present the goal and significance of your method to the viewer. You may provide additional information, but the total introduction must not exceed 150 words.

A. Experimental Goal (read by voice talent at JoVE):
Authors: Please use the following prompt to describe the overall goal of your protocol in a single statement of no more than 40 words.

The overall goal of this t implementing online size exclusion and ion exchange chromatography on Small Angle X-ray Scattering beam lines (insert methodology type; ex. - procedure, experiment, surgical intervention)          is to ensure minimal delays between sample preparation and data acquisition, hence better data quality of the low resolution structure(insert goal here e.g. observe the effect of your treatment on cell migration using wound healing assays). (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
Authors: Below are statements we would like you to complete that provide additional information about the significance of your protocol. You may revise the given prompts as necessary to improve the sentence flow.

Please complete the following two statements and indicate the name of the author who will give the statement. If only one author will give interview statements, the same author may give both statements. Otherwise, please assign each statement to a different author. Please restrict the length of each statement to no more than 30 words.
1.1. Author Name Stephanie Hutin: This These methods can help answer key questions in the field of structural biology_________ field, such as the radius of gyration, largest intraparticle distance, particle shape, degree of folding, denaturation or disorder of a protein._________________. 
1.2. Author Name Martha Brennich: SAXS requires monodisperse samples. The main advantage of this these techniques is are that the time  between the purification and the measurements is short, helping to avoid denaturation or aggregation. ___________.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
Authors: These optional statements may be used to discuss the scope and complexity of the protocol. You may revise the given prompts as necessary to better fit your protocol. Please restrict the length of each statement to no more than 30 words.

These statements must be given by different authors than those who gave the required statements, and no more than one statement should be spoken by each additional author. When choosing statements, please remember that the total introduction length cannot exceed 150 words.
1.3. Author Name: The implications of this technique extend toward therapy (or diagnosis) of_______, because ________.  
1.4. Author Name: Though this method can provide insight into ____________, it can also be applied to other systems (model organisms, studies of disease, organ systems), such as ____________.
1.5. Author Name: Generally, individuals new to this method will struggle because ______________.
1.6. Author Name: I/We first had the idea for this method when I/we ___________.
1.7. Author Name: Visual demonstration of this method is critical as the ______________ steps 
are difficult to learn, because _______________.
Authors: Please review the above statements to ensure that they comply with length restrictions.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
Authors: If one or more demonstrators are not assigned a speaking part in the introduction section, please fill out the below statement. Please use this statement ONLY if the demonstrator has not given an interview statement and limit the statement to no more than 30 words.
1.8. Author Name: Demonstrating the procedure will be NAME, a (technician, post doc, grad student) from my laboratory. (Add additional mention of demonstrators as necessary).  
1.8.1. Author (Author Name) speaks towards the camera, interview style
1.8.2. The demonstrators looks up from workbench, desk, hood, or microscope and acknowledges the camera.
*Note to the Authors: Goal and interview statements will be edited to conform to the specified number and length restrictions. I am happy to help if you have any questions.

[bookmark: Protocol]Protocol (read by voice talent at JoVE):
Authors: The scripted protocol should include only those aspects of the procedure that require visual demonstration, and should consist of instructions rather than discussion. To ensure that your protocol can be filmed in a single day, the protocol must be limited to 30 steps, or 3 pages with 0.75” margins. The voice-over of each step can be no longer than 3 lines of 12 pt text.
2. Sample and Buffer Preparation
2.1. First, prepare a concentrated sample of a the vaccinia helicase/primase D5 deletion protein using previously published methods.
2.2. It is recommended to test run a protein on a size exclusion column or ion-exchange column before coming to a SAXS beamline. For the ion-exchange chromatography determine the salt concentration of each peak of interest in the chromatogram. 
2.3. Load the protein onto a size-exclusion column. Collect 0.5 mL fractions and evaluate each fraction using SDS-PAGE. (TEXT: Mobile phase:Prepare a Ggel filtration buffer (20 mM Tris-HCl [pH 7], 150 mM NaCl, 10% glycerol, 1 mM dithiothreitol [DTT]))
2.4. Combine the pure fractions. Add 20 mM Tris-HCl and 1 mM DTT as needed to dilute the NaCl and glycerol concentrations to 25 mM and 5%, respectively, without changing the Tris or DTT concentrations.
2.5. Prepare two buffers for the ion-exchange chromatography to for a mobile phase with build a NaCl gradient from 25 mM to 1 M. Load the sample onto an ion-exchange column and collect 1.5 mL fractions. (TEXT: Mobile phase: 20 mM Tris [pH 7], 25 mM (Buffer A) or 1 M (Buffer B) NaCl, 5% glycerol, 1 mM DTT) Evaluate the fractions with SDS-PAGE.
Authors: Is this gradient linear? Yes in the offline chromatogram, in the online chromatography we used steps
2.6. Concentrate the pure fractions using a 30 kDa NMWL centrifugal concentrator and perform size-exclusion chromatography with gel filtration buffer once more to finish preparing the sample.
2.7. Next, plot the ion-exchange chromatography absorbance data and the percent buffer B concentration against eluted volume. For each peak of interest on the chromatogram, determine the % buffer B in the mobile phase at that time.
2.8. Record the % buffer B values of interest. Set aside 1 mL each of gel filtration buffer, buffer A, and buffer B in separate containers.
3. Size-Exchange Chromatography (SEC)-Small Angle X-Ray Scattering (SAXS) Data Collection
Authors: What does ‘interlock the hutch’ mean throughout this section? Is this a test of the interlocks or does it mean closing and locking the hutch in preparation for irradiation? It means closing and locking the hutch otherwise we cannot open the shutter due to safety regulation so that no person gets irradiated
3.1. Connect the gel filtration buffer to an HPLC system in line with the flow-through capillary of the SAXS system. Set the flow rate, maximum column pressure, and acquisition time. Note the back-pressure without the column.
3.2. Purge the lines, and then connect and equilibrate the size-exclusion chromatography column.
Authors: Is the beam open to the HPLC system during equilibration? If not, what is the sample in the next step being compared to? The sample is examined for radiation damage and later compared to the results from step 3.5
3.3. Load the 1 mL sample of gel filtration buffer into the sample changer. Check for radiation damage to the buffer.
Authors: Is radiation damage only observable in the UV/Vis signal, or is radiolysis also a concern? We detect is in the summed X-ray scattering intensity over time
Authors: What role does the sample changer play in controlling signal variation? It just serves as a tool to load the sample in the capillary without going through the HPLC system and the column
Authors: Does the HPLC system include an in-line radiation detector? The HPLC system is in the experimental hutch and during measurements and we can control it from the control hutch without being physically next to the system. Anyway, x-rays are not shoot onto the HPLC system or the column but onto a capillary after the column, where the sample is passing through. 
3.4. Once no radiation damage to the buffer is detectable, switch the beamline control system to HPLC mode.
Authors: If radiation damage was detected in the previous step, what should be done to rectify this? Depending how huge the detected damage is, another buffer has to be found where the protein is happy in and which does not show radiation damage. Normally we do not perform measurements then. Critical buffer conditions can be found in the literature.
3.5. Perform a test run of the buffer only and note the number of counts in the summed intensity plot. If the HPLC signal or intensity over time do not match the first buffer measurement, equilibrate the system for longer and repeat this process.
3.6. Next, centrifuge the protein sample at 13000 x g for 10 minutes. Transfer the sample without potential pellets, which might contain aggregates to a SEC-compatible glass vial and load the vial into the autosampler.
Authors: Is the supernatant what is being transferred? yes, but hopefully there is nothing else.
3.7. Outside theInterlock the experimental hutch again, log into the beamline control system and create a folder for the experiment.
Authors: The procedure says to “switch the beamline control system to HPLC mode” several steps before this (2.1.6). Is 2.1.10 the same process? No it is not. We have to tell the system in 2.1.6 (or here 3.4) to switch from measuring from the sample changer to measure now samples from the HPLC system.    In 2.1.10 we create in the system a personal space where our data will be stored. 
3.8. In the HPLC software, click on ‘quick batch’. Set the file path and activate automatic ASCII conversion of UV/Vis data. 
3.9. Set the injection volume and sample position and click ‘Start’ to add the run to the queue. Enter the file name, but do not click ‘Save’ yet.
3.10. In the beamline control software, set the number of data frames so that the total data collection time is slightly longer than the HPLC acquisition time.
3.11. Open the beamline shutter and start SAXS data collection. Switch to the HPLC software and click ‘Save’ to inject the sample. Note the frame number at the beginning of UV/Vis data acquisition.
After data collection, compare the data to the buffer blank. Ensure that the summed intensity is constant across at least 100 frames and is consistent with the previously obtained values.
4. Ion-Exchange Chromatography (IEC)-SAXS Data Collection
4.1. First, in the HPLC program, design a stepwise gradient that starts with 0% buffer B and increases 5% at intervals of two column volumes to reach 100% buffer B. Set the flow rate and maximum pressure.
4.2. Purge the system and then flush the lines with buffer A. Put on theConnect the ion-exchange column and equilibrate the columnit in buffer A. 
4.3. Then, run measure the samples of buffers A and B to check for radiation damage in sample changer mode. Note the summed intensity counts.
4.4. First, in the HPLC program, design a stepwise gradient that starts with 0% buffer B and increases 5% at intervals of two column volumes to reach 100% buffer B. Set the flow rate and maximum pressure.
4.5. Set up the HPLC system and the beamline control system SAXS data collection for a single run in which no sample is injected. Open the beamline shutter, start SAXS data collection, and start the HPLC run. Note the number of frames elapsed when UV/Vis data collection begins.
4.6. After data collection, close the shutter,. Check that the summed intensity remained constant for at least 100 frames and matches the values obtained from the samples of buffers A and B.	Comment by Stephanie HUTIN: When the shutter is closed we have no beam
4.7. Then, create write a new HPLC method with a stepwise gradient starting from 0% buffer B. 
4.8. For each % B value of interest determined during sample preparation, create three steps: 1 percentage point below, at, and 1.5 percentage points above. Set each step interval to 2.5 column volumes and the final step in the gradient to 100 % B.
Authors: Step 2.2.12 references 1.1.5 for the offline protein measurement. Should that be 1.15? Oh yes, can we still change that in the manuscript?
4.9. Next, centrifuge spin the sample at 13000 x g for 10 minutes. Add 20 mM Tris, 10% glycerol, and 1 mM DTT as needed to create a 25 mM protein solution.Dilute the sample to 25 mM NaCl and 5% glycerol while keeping the Tris concentration at 20 mM  and DTT at 1 mM
Authors: Is this the correct final solution composition? I am unclear on what “Dilute D5323-785 into the salt concentration of buffer A (25 mM)” means in this context. We want to keep the buffer conditions equal and just change the concentration of glycerol and NaCl.
4.10. Stop the HPLC pumps. Disconnect the column line out from the detectors and place the end of the line into a container to collect the column flow. Then, transfer the buffer A line to the diluted sample, ensuring that no air bubbles are trapped in the line.
Authors: Will the demonstrator be manually starting and stopping the pumps in this section, or will they need to move in and out of the hutch each time? No, we will do that in the hutch without x-rays
4.11. Start the pumps to draw the sample into the line. Once the sample container is nearly empty, stop the pumps and put the buffer A bottle back on the line.
4.12. Start the pumps to load the sample onto the column. Run Afterwards run two column volumes of buffer A through the column, stop the pumps, and reconnect the column to the detectors.
Authors: After reconnecting to the detectors and restarting the pump, does the column need to re-equilibrate for a few minutes before proceeding? After two column volumes of A it should be equilibrated, but that we can control once the hutch is interlocked
4.13. Using the new stepwise method, set up a single HPLC run with no auto-sample injection. Open the beamline shutter and start SAXS and UV data and HPLC datacollection, noting the number of frames elapsed.
4.14. After data collection, close the shutter and check the summed intensity values. uUse post-processing software to convert the HPLC data to an ASCII format. (TEXT: See text protocol for information about analyzing and modeling IEC-SAXS data.)
5. SEC-SAXS Data Reduction and Analysis
5.1. Using an online data manager, identify the SAXS frames corresponding to the SEC sample elution peak. Import frames from the center of the peak into a SAXS data processing program and average the frames to create an average non-corrected scattering curve.
5.2. For SEC-SAXS, load the averaged buffer created by the processing-pipeline and confirm that the high-q region of the buffer and the non-corrected scattering curve created in 5.1. match.
5.3. Load all auto-subtracted frames from the peak, scale them to each other and compare them with the CORMAP test to ensure that there are no systematic differences between the frames. Average all curves to obtain the final SAXS curve.Then, load the frames of the automated buffer correction file and confirm that the high q regions of the averaged frames and the buffer frames match.
[bookmark: _GoBack]Authors: Does automated buffer correction need to be selected during setup of any of the programs, or is it enabled by default? enabled by default
5.4. Compare all of the sample frames from the peak with the CORMAP test to ensure that there are no systematic differences between the frames. For IEC-SAXS, load 50 frames from each step of the buffer run and average them. Compare these averages to the non-corrected curve created in 5.1. and select the buffer whose high-q region matches best. Subtract this buffer from non-corrected curve to create the final SAXS curve.
5.5. Determine the radius of gyration and the pair-distance distribution. Then, perform ab initio modeling to determine the most representative model of the protein.

[bookmark: ScreenCaptureFootageInstructions]SCREEN CAPTURE FOOTAGE INSTRUCTIONS:
Authors: Please review the scripted steps involving computer use.

When you receive the final script, if a shot is listed as [#-SCREEN], you will need to make a movie file of the actions required using screen capture software installed on the computer or run from a USB drive. Screen capture software includes CamStudio, Camtasia, Snagit, or Quicktime X.

Make one file per [#-SCREEN] containing only the requested actions. Do not bundle several action sequences into one large file. Name each file according to the shot number (see Provided Media for more information) and upload the files to your project folder: http://www.jove.com/account/file-uploader?src=16732653

^Back to top

[bookmark: AuthorProtocolInterviews]OPTIONAL: AUTHOR PROTOCOL INTERVIEWS
Authors: In this optional section, you may provide a brief statement stressing the required technique for the single most critical step of the procedure. If there are two critical steps, you may provide two statements, but this is the maximum. If there is no single critical step, then there is no need to fill this out. Please restrict the length of each statement to 40 words or less.

This will be an interview style shot interjected into the appropriate point of the protocol section of the video. Please specify who will speak these parts and the step that each statement should accompany.
Author name, Step            :     (write your 1st optional statement here)    
Author name, Step            :     (write your 2nd optional statement here)

RESULTS
The representative results are a critical aspect of the video, because they show the validation of your procedure. For example, if this is a procedure for cell culture preparation, the results section will show the cells at various time points following culturing.

The results section is limited to 200 words. Please review the narration and proposed animations to ensure that they correctly summarize your results and appropriately highlight the relevance of your procedure.
6. Results: SEC- and IEC-SAXS Analysis of D5323-785 (read by voice talent at JoVE)
6.1. The structural data parameters obtained from SEC- and IEC-SAXS of the D5 protein were very similar. The molecular mass estimates were both in agreement with the predicted mass.
6.1.1. Table 1 (Structural parameters subsections only): On “molecular mass estimates”, highlight both “Molecular mass Mr…” rows. On “in agreement…”, also highlight the “Calculated monomeric…” rows.
6.2. Ab initio modeling was performed with no imposed symmetry and with C6 symmetry. Both models are compatible with the experimental data, indicating that the protein structure possesses C6 symmetry.
6.2.1. Figures 1d and 1e: During “no imposed symmetry”, highlight “C1 model” in the legends of both graphs. During “C6 symmetry”, highlight “C6 model” in the legends of both graphs. 
6.3. Molecular modeling yields a hexagonal pyramid-like structure with a partly obstructed central channel. The averaged SEC and IEC models were very similar. Upon examining individual models, the channel obstructions were found likely to be an artifact of the averaging process.
6.3.1. Figures 1F and 1G: During “hexagonal…structure”, draw a hexagon around the leftmost structure in 1F and 1G. During “partly…channel”, box the center section of the rightmost images (the cross-sections).
6.3.2. Figures 1F, 1G, and 1H: Fade in 1H on “The averaged…”
6.3.3. Authors: Do you have an image of an individual structure that can help illustrate this last point? In Figures F to H that are the structures

[bookmark: FigureRevRequest]Authors: Please upload the panels of Figure 1 as separate image files. Please remove the A-H labels from each of these images. Please check the x-axis unit formatting in 1D and 1E. Please fix the rightmost arrow in 1H.
Please check the Figure 1 caption, as it says “The panels in E) to G) were created using a molecular visualization software”. Should that refer to F) to H)? It is also better to say “created with molecular visualization software”.
That is correct. How can we change it in the manuscript?
Please upload Table 1 as three separate tables rather than one long table.
See the Provided Media section for more information about uploading supplemental files for video inclusion.
Authors: Does the above description accurately reflect your results? See the instructions below to make any changes.

RESULTS INSTRUCTIONS FOR AUTHORS:

Please limit the narration to no more than 3 lines of text per image or movie file being described. The results section is limited to 200 words total. If your manuscript results section contains more than 4 figures, please choose the most important figures to illustrate your results.

Each image or movie file supplied for the video results section should be referenced by its specific file name. Figures with multiple panels should be re-uploaded with each panel as a separate image. Your JoVE editor will ensure that the narration and proposed animations are correctly formatted.

Below is an example of results text:
	
5.  Results: Evaluation of Morpholino Injection and Knockdown
5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    
        uninjected control at 48 hours post fertilization looks normal, as expected.
        5.1.1. 01234_PIname_Figure1.tif: Describe areas of the figure/table to highlight during the VO.

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms
                     containing the first of two EGF-like repeats, exhibit brain edema.
	        5.2.1. 01234_PIname_Figure2.tif	

5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 
        the heads of the uninjected controls look normal.
        5.3.1. 01234_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia.
                     5.4.1. 01234_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:
http://www.jove.com/video/1597/results-example-mably?status=a3603k

7. Conclusion (Said by you on camera. Don’t forget to smile!)
Authors: Here, you will summarize and discuss your procedure to conclude the video. Please complete at least one of the concluding statements below and indicate the name of the author who will give the statement. Please restrict the length of each statement to no more than 40 words. You may revise the prompts as necessary to fit your protocol.
7.1. Author Name Stephanie Hutin: Acquisition of SEC-SAXS data is becoming more and more standardized and is likely the first method of choice. Still, many purification protocols require an IEC step due to contaminants or aggregation and now this technique is implementable on SAXS beamlines.
7.2. Author Name Martha Brennich: A caveat of both techniques is the lack of knowledge of the precise protein concentration, hence we cannot determine the precise mass via forward scattering. For globular proteins we can estimate the mass via the Porod volume.  
7.3. 
7.4. Once mastered, this technique can be done in ____________ (hours/min) if it is performed properly.
7.5. Author Name Stephanie Hutin: While attempting this procedure, it’s important to remember toAn alternative to the stepwise gradient used here with the IEC, a linear gradient might be applied, although carful optimization of the gradient conditions is required for optimal peak seperation.  ___________.
7.6. Author Name Martha Brennich: Following this procedure, other methods like _____________ can be performed in order to answer additional questions like _____________.The background substation could be done frame wise and verified by comparison of individual frames,  in this approach, but requires more advanced data handeling, because dedicated software does not exist yet.
7.7. Author Name: After its development, this technique paved the way for researchers in the field of __________ to explore _____________ (subdivision of field, disease, natural phenomenon) in __________ (model organism, patient demographic, organ system).
7.8. Author Name: After watching this video, you should have a good understanding of how to _____________ (restate overall goal of the procedure mention specific steps).
7.9. Author Name: Don't forget that working with _____________ (reagent, pathogen, instrumentation) can be extremely hazardous and precautions such as ____________ should always be taken while performing this procedure.   
*Note to the Authors: Interview statements will be edited to conform to the length restrictions. I am happy to help if you have any questions.

[bookmark: ProvidedMedia]PROVIDED MEDIA

Authors: Name new or modified files with the scheme 01234_PIname_Figure1.tif, where 01234 is your JoVE video ID and PIname is the corresponding author’s surname. Specify the step or steps where each file will be used. If the file is not based on an existing figure, please provide a short description. For example:

6.2 –  01234_PIname_Figure1.tif - dual color imaging of tumor angiogenesis at 40X
6.2 –  01234_PIname_Figure2.tif - dual color imaging of tumor angiogenesis at 100X

Formats: For static images, we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files with dimensions of at least 720 x 480 pixels and 300 dpi – the higher resolution, the better. Movie files should have at minimum these dimensions and be rendered as .mov, .mp4, or .avi files.

Upload each file to your project folder: http://www.jove.com/account/file-uploader?src=16732653

Please list all images, tables, movie files, or 3D-rendered animations that have been prepared for inclusion in the video below:

Authors: List your media filenames here.

· [bookmark: Text13]Step number(s) – File name - Description (if new figure)

Back to Screen Capture | Back to Results

General Preparation

Please review all steps using solutions or reagents that are not prepared during the filmed protocol. It’s critical for a smooth and organized shoot that all reagents are prepared and labeled in advance and on hand at the start of filming.

For any long incubation or reaction times in your procedure, prepare the specimens or samples in advance. After filming the preparation steps, shooting will continue with the pre-prepared specimens/samples.

All tubes/flasks should be labeled neatly before we arrive. (ex. Luciferase assay done in 96-well plates has negative/positive control wells and experimental samples labeled accordingly)

You will receive more detailed preparation instructions in the email accompanying the finalized script. Please see JoVE’s FAQ at http://www.jove.com/author/submission-faq if you have further questions.
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