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Author Questionnaire 
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  Enter Yes or No.  
If Yes, can you record movies/images using your own microscope camera?
Enter Yes or No.  
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.
Enter make and model of microscope.

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Enter Yes or No.
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. Please upload all screen captured video files to your project page as soon as possible.

3. Interview statements: Considering the COVID-19-imposed mask-wearing and social distancing recommendations, which interview statement filming option is the most appropriate for your group? Please select one.

☐ 	Interviewees wear masks until videographer steps away (≥6 ft/2 m) and begins filming, then the interviewee removes the mask for line delivery only. When take is captured, the interviewee puts the mask back on. Statements can be filmed outside if weather permits. 

☐ 	Interviewees self-record interview statements. JoVE can provide support for this option.

☐ 	Interview Statements are read by JoVE’s voiceover talent. 

☐ 	Author interview statement opt out. Statements removed completely.

4. Filming location: Will the filming need to take place in multiple locations?   Enter Yes or No.
If Yes, how far apart are the locations? Click to enter distance between locations.
 


To ensure that your script can be filmed in one day, the Protocol section is restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length

Number of Steps:  26
Number of Shots:  47

Introduction

1. Introductory Interview Statements

Your answers to these questions will become author interview statements, which authors will memorize and then deliver on camera.
· Enter the full name of the author who will deliver the statement.
· If possible, each author should deliver no more than two statements.
· Fill out both required statements, one optional statement may also be selected.
· Answer in full sentences, in a style suitable for being spoken aloud. 
· Limit the length of each statement to 30 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

REQUIRED: Why is your protocol significant? OR What key questions can this method help answer? 
1.1. Enter author name.: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

REQUIRED: What is the main advantage of this technique?
1.2. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

OPTIONAL: Do the implications of this technique extend toward the therapy (or diagnosis) of a particular disease, disability, or challenge? How so?
1.3. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

OPTIONAL: Are there any specific areas of research that this method could provide insight into? OR Can this method be applied to any other systems?
1.4. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

OPTIONAL: How would you expect an individual who has never performed this technique to struggle? Do you have any advice to offer to somebody who is trying this technique for the first time?
1.5. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

OPTIONAL: Why is visual demonstration of this method critical?
1.6. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

Introduction of Demonstrator on Camera

Complete this statement ONLY if any of the individuals who will be demonstrating the procedure on camera will not be delivering an Introductory Interview Statement.

1.7. Enter name of author who will introduce demonstrator: Demonstrating the procedure will be Click here to enter name of demonstrator(s)., a Click here to enter demonstrator job title. from my laboratory. Include additional demonstrators as needed.  
1.7.1. INTERVIEW: Author saying the above. 
1.7.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera.


Protocol
Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The one-digit numbers represent sections of the video. The text will appear onscreen.
· The two-digit numbers (e.g. 2.1., 2.2.) represent steps of your protocol. The text will be recorded by a professional voiceover talent. 
· The three-digit numbers (e.g. 2.1.1., 2.2.2.) represent the shots that our videographer will capture at your lab. 
· To ensure that your protocol can be filmed in one day, the protocol is restricted to 25 steps and/or 55 shots. 

Please use this draft script to help you prepare for filming day.
· Filming should take no more than 10 minutes per step. If a step will take more than 10 minutes, prepare the product from that step in advance.

2.  Bioreactor setup
2.1. To begin, assemble the flow unit using a second flow unit NMR tube, which will later be replaced with the one containing cells. Refer to the flow unit operating instructions for the correct assembly [1].
2.1.1. WIDE: Talent assembling the flow unit 
2.2. Set the water bath connected to the flow unit temperature control to 37 degrees Celsius [1] and place the reservoir bottle in the water bath [2].
2.2.1. Talent setting the water bath connected to the flow unit at 37 degrees Celsius
2.2.2. Talent placing the reservoir bottle in the water bath
2.3. Connect the FEP tubing of the reservoir bottle to the pump [1]. Turn the bioreactor valve to “bypass” and prefill the pump with medium [2], then turn the bioreactor valve to “flow” and prefill the bioreactor with medium at 0.1 milliliter per minute [3].
2.3.1. Talent connecting the tubing to the pump
2.3.2. Talent turning the bioreactor valve to prefill the pump
2.3.3. Talent turning the bioreactor valve to fill the bioreactor with medium

3. Preparation of the cell sample
3.1. Take a T75 flask of transfected HEK293T cells from the carbon dioxide incubator and remove the spent medium [1]. Add 2 milliliters of trypsin-EDTA to the cells and incubate for 5 minutes at room temperature to detach the cells [2].
3.1.1. Talent removing the spent medium from the flask
3.1.2. Talent detaching the cells by adding trypsin or EDTA
3.2. Inactivate the trypsin with 20 milliliters of complete DMEM and thoroughly resuspend the cells by pipetting up and down [1]. Then, transfer them in a 50-milliliter centrifuge tube. Centrifuge the cells at 800 times g for 5 minutes at room temperature [2] and discard the supernatant [3].
3.2.1. Talent adding DMEM and pipetting it up and down
3.2.2. Talent placing tubes in the centrifuge
3.2.3. Talent removing the supernatant
3.3. Transfer the cell pellet to a 1.5-milliliter capped microcentrifuge tube [1]. To embed cells in agarose threads, melt one aliquot of solidified agarose at 85 degrees Celsius in a water bath [2], then keep it in solution at 37 degrees Celsius in a block heater [3].
3.3.1. Talent transferring the pellet to the tube
3.3.2. Talent melting the agarose in water bath
3.3.3. Talent transferring the melted agarose in block heater
3.4. With a Pasteur pipette, fill the bottom of the flow unit NMR tube with 60 to 70 microliters of 1.5% agarose gel [1] and place it on ice to create a 5-millimeter high bottom plug [2].
3.4.1. Talent filling the bottom of NMR tube with agarose 
3.4.2. Talent placing the tube on ice
3.5. Heat the cell pellet for 15 to 20 seconds in the thermoblock [1] and carefully resuspend the cells in 450 microliters of agarose solution, avoiding the formation of bubbles [2].
3.5.1. Talent heating the cell pellet in thermoblock
3.5.2. Talent resuspending the solution
3.6. Aspirate the cell−agarose suspension into a 30-centimeter long chromatography PEEK tubing of 0.75-millimeter inner diameter connected to a 1 milliliter syringe [1]. Let the tubing cool at room temperature for 2 minutes [2].
3.6.1. Cell-agarose suspension aspirating through tubing connected to syringe
3.6.2. Talent letting the tube to cool down
3.7. Prefill the flow unit NMR tube with 100 microliters of PBS at room temperature [1]. Cast threads of cells embedded in agarose into the flow unit NMR tube by gently pushing the syringe [2], then insert the cells into the bioreactor [3].
3.7.1. Talent prefilling the tube with PBS
3.7.2. Talent gently pushing the syringe
3.7.3. Cells inserted in bioreactor
3.8. Remove the empty NMR tube from the flow unit [1] and increase the flow rate to 2 milliliters per minute for a few minutes to remove residual gas bubbles in the inlet tubing [2]. Set the flow rate to 0.2 milliliters per minute and insert the NMR tube containing the cells by pushing it upwards slowly but steadily [3].
3.8.1. Talent removing the empty NMR tube from the unit
3.8.2. Talent increasing the flow rate
3.8.3. Talent inserting the tubing
4. Bioreactor operation and cleaning
4.1. Set the temperature in the NMR spectrometer to 310 Kelvin [1] and insert the flow unit in the spectrometer [2]. Supply the bioreactor medium at a flow rate of 0.1 milliliter per minute for the duration of the in-cell NMR experiments [3].
4.1.1. Talent setting the temperature of the NMR spectrometer to 310 Kelvin
4.1.2. Talent inserting the tube in the spectrometer
4.1.3. Talent setting the flow rate of the reactor
4.2. Inject a concentrated solution of external molecule to the medium reservoir bottle by piercing the silicone tubing with a sterile long-needle syringe [1]. At the end of the NMR experiment, replace the tube containing the cells with an empty tube and rinse the flow unit with water [2].
4.2.1. Talent injecting solution by piercing the tubing with syringe
4.2.2. Talent replacing the tubing

5. NMR experiments
5.1. Once the bioreactor is inserted in the NMR spectrometer, wait a few minutes to allow for the medium-exchange. Adjust the matching and tuning of the hydrogen-1 channel, shim the magnet, and calculate the hydrogen-1 90-degree hard pulse length [1].
5.1.1. Talent matching and tuning the hydrogen-1 channel
Authors: Please upload screen capture videos for steps 5.2.4-5.2.7, 6.1.3,6.1.4, 6.3.1-6.3.8 of your manuscript to your project page link. I will write the voice over narration to match the shots.  https://www.jove.com/account/file-uploader?src=19008563 
5.2. Adjust the hydrogen-1 power levels in each pulse sequence according to the hydrogen-1 hard pulse [1]. Record a first zgesgp hydrogen-1 spectrum to check the sample content and field homogeneity [2]. Authors: How to pronounce zgesgp?
5.2.1. Talent adjusting the power levels
5.2.2. SCREEN: To be provided by the authors: Talent recording the first spectra
5.3. Copy the zgesgp and the p3919gp/sfhmqcf3gpph experiments to the desired number and queue them in the acquisition spooler [1]. Authors: How to pronounce p3919gp/sfhmqcf3gpph?
5.3.1. SCREEN: To be provided by the authors: Talent copying the experiments and queueing them in the acquisition pooler
5.4. For cells expressing unlabeled carbonic anhydrase, process the p3919gp spectra by applying zero filling and exponential line broadening window function [1-TXT].
5.4.1. SCREEN: To be provided by the authors: applying zero filling and exponential line broadening window function. TEXT: LB = 20 Hz
5.5. For cells expressing heavy nitrogen labeled SOD1, process the sfhmqcf3gpph spectra by applying zero filling and squared sine bell window function in both dimensions [2-TXT].
5.5.1. SCREEN: To be provided by the authors: applying zero filling and exponential line broadening window function TEXT: SSB = 2

6. MCR-ALS analysis
6.1. In MATLAB, import the spectral regions using the custom script Load_ascii_spectra.
6.1.1. SCREEN: To be provided by the authors: Talent importing using custom script Load_ascii_spectra.
6.2. Run the Load_acqus script to extract the timestamps from the 1D spectra [1] and Run MCR-ALS 2.0 in GUI mode [2].
6.2.1. SCREEN: To be provided by the authors: Talent extracting time stamps
6.2.2. SCREEN: To be provided by the authors: Talent running MCR-ALS 2.0 in GUI mode
6.3. Open MCR-ALS 2.0 GUI by running the mcr_main script and in the Data Selection tab, load the spectra or the JoinSpec_flat matrix. Check the data can by plotting it [1].
6.3.1. SCREEN:  To be provided by the authors:  Talent opening MCR-ALS 2.0 GUI and loading spectra, then plotting the data
6.4. Evaluate the number of components either by Singular Value Decomposition or manually and select a method for the initial estimation of the pure spectra. Either purest variable detection or Evolving Factor Analysis can be used [1].
6.4.1. SCREEN:  To be provided by the authors:  Talent evaluating the components of the spectra and performing initial estimation of the pure spectra
6.5. In the Selection of the Data Set window, select Continue [1].
6.5.1. SCREEN:  To be provided by the authors:  Selection of the data set window opened and continue option is selected
6.6. Set the constraints for the concentrations in the Constraints: Row Mode window [1]. Apply a non-negativity constraint, selecting fnnls as “implementation and 2 species” [2]. Then, apply 1 closure constraint, set the constraint to 1, the closure condition as “equal to” and apply to all species [3].
6.6.1. SCREEN:  To be provided by the authors:  Talent setting the constraints in the Constraints: Row Mode window
6.6.2. SCREEN:  To be provided by the authors:  Talent selecting fnnls as “implementation and 2 species”.
6.6.3. SCREEN:  To be provided by the authors:  Talent selecting constraint to 1, closure conditions “equal to” and applied it to all species
6.7. Set the constraints for the spectra in the Constraints: Column Mode window. Apply a non-negativity constraint, selecting fnnls as “implementation and 2 species” [1].
6.7.1. SCREEN:  To be provided by the authors:  Talent selecting fnnls as “implementation and 2 species”.
6.8. In the final window, set 50 iterations and a 0.01 convergence criterion [1]. Specify the output names for Concentrations, Spectra, and Standard deviation. Click on Continue to run the MCR-ALS fitting [1].
6.8.1. SCREEN:  To be provided by the authors: Talent setting iterations and convergence criterion
6.8.2. SCREEN:  To be provided by the authors: Talent specifying the output names and clicking on continue



Protocol Script Questions
Authors: Please use the step numbers from the script above (not step numbers from the manuscript) when answering the questions below. Please do not include steps that will be screen-captured and do not list entire sections.

A. Which steps from the protocol are the most important for viewers to see? Please list 4 to 6 individual steps. 
Click here to list 4 to 6 individual steps, using the step numbers from the protocol section of the video script.

B. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1 or 2 individual steps from the script above.
Click here to list 1 or 2 individual steps, using the step numbers from the protocol section of the video script.



Results
Please review this section to make sure that it accurately reflects your findings.
· Use Track Changes when making edits or revisions.
· If you would like the video to include different results, please revise this section.
· When revising, please keep the length of the voiceover below 200 words. Current word count: 213. (Voiceover is the text that follows the two-digit numbers.)
· Please note that the video cannot include voiceover without an accompanying visual. 

7. Results: Monitoring protein-ligand interactions by real-time quantitative in-cell NMR
7.1. The cells in the bioreactor can be maintained alive for up to 72 hours, as confirmed by a Trypan blue test [1].
7.1.1. LAB MEDIA: Figure 2a, 2b and 2c
7.2. The bioreactor was used for real-time monitoring of the binding of two inhibitors, AAZ and MZA, to carbonic anhydrase overexpressed in the cytosol of HEK293T cells. The overall signal intensity, the presence of signals from the overexpressed protein, and the field homogeneity was assessed with the first hydrogen-1 excitation sculpting spectrum [1].
7.2.1. LAB MEDIA: Figure 2d
7.3. In the case of carbonic anhydrase, the intracellular binding of the two inhibitors was monitored by observing hydrogen-1 signals in the region between 11 and 16 parts per million, arising from the zinc-coordinating histidines and other aromatic residues. Successful binding was confirmed by the appearance of additional signals [1].
7.3.1. LAB MEDIA: Figure 2d
7.4. Time-dependent binding curves obtained by MCR-ALS analysis were used to separate the NMR signals arising from free and bound carbonic anhydrase [1] and provided the relative concentration profiles of the two species [2].
7.4.1. LAB MEDIA: Figure 4a
7.4.2. LAB MEDIA: Figure 4b
7.5. The bioreactor was applied to monitor the formation of zinc-bound SOD1 intramolecular disulfide bond promoted by ebselen, a glutathione peroxidase. MCR-ALS analysis on selected regions of the 2D spectrum separated the signals arising from the two species [1] and provided their relative concentration profiles [2]. Authors: How do you pronounce SOD1?
7.5.1. LAB MEDIA: Figure 5a
7.5.2. LAB MEDIA: Figure 5b


Conclusion
8. [bookmark: _Hlk27388131]Conclusion Interview Statements

Below are prompts for interview statements that can be used to further emphasize the significance of your protocol. 
· Answer one or two of the prompts below.
· Limit the statements to 30 words.
· Answer the questions in full sentences; you will need to memorize and deliver the interview statements during filming. 
· Indicate the full name of the author who will deliver each statement. 
What is the most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section of the script that this advice applies to.
8.1. Enter author name: (Enter step numbers referred to.) Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
8.2. Enter author name: Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
8.3. Enter author name: Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

Thank you for addressing our questions. We will incorporate your answers and suggestions, and send you the final script before your filming day. You will also receive detailed preparation instructions in the email accompanying the final script.
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