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Author Questionnaire 
1. We have marked your project as author-provided footage, meaning you film the video yourself and provide JoVE with the footage to edit. JoVE will not send the videographer. Please confirm that this is correct. 
☐ Correct 
☐ Incorrect 

 2. 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 a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
Click here to list microscope shots, using the shot numbers from the protocol section of the video script.

3. 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.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://review.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k

As these files are necessary for finalizing your script, please upload all screen captured video files to your project page as soon as possible.

[bookmark: Text5]4. Proposed filming date: To help JoVE process and publish your video in a timely manner, please indicate the proposed date that your group will film here: MM/DD/YYYY

DO NOT use this draft script for filming. Please wait until your script is finalized to begin the filming process. 

When you are ready to submit your video files, please contact our Content Manager, Utkarsh Khare. 

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

Current Protocol Length

Number of Steps:  24
Number of Shots:  49

Introduction 

Answers to these questions will become interview statements that you will deliver on camera.
· Answer the 1st REQUIRED question and at least 2 other questions (1.2 – 1.10) below. Up to 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· If possible, each author should deliver no more than two statements.
· 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: What is the scope of your research? What questions are you trying to 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.

What are the most recent developments in your field of research?
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.
What technologies are currently used to advance research in your field?
1.3. 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.
What are the current experimental challenges?
1.4. 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.

What significant findings have you established in your field?
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.

What research gap are you addressing with your protocol?
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.

What advantage does your protocol offer compared to other techniques?
1.7. 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.
How will your findings advance research in your field?
1.8. 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.
What new scientific questions have your results paved the way for?
1.9. 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.
What research questions will your laboratory focus on in the future?
1.10. 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.


Protocol  
[bookmark: _Hlk188263998]Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) are the narration.  JoVE is responsible for the narration of the protocol and results.
· Red italics are pronunciation guides indicating how the word will be spoken. 
· Filming should take no more than 10 minutes per step. If a step takes more than 10 minutes, prepare the product for that step in advance.
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that you/your videographer will capture. 

2. Mapping Ligand–Protein Interactions Using Chemical Shift Perturbation, Saturation Transfer Difference, and Relaxation NMR Techniques
Demonstrator: Click here to enter name of demonstrator(s)

If the same person is the demonstrator throughout, mention them once here and remove the "Demonstrator" field from the other sections; if the demonstrator changes, retain the field in the respective sections.

2.1. To begin, prepare a four millimolar solution of D‑mannose in sodium phosphate buffer at pH 7.4 with fifty millimolar sodium chloride and five percent deuterium oxide [1]. Divide the solution into two samples, one containing eighty micromolar CVN (C-V-N) and the second, without [2-TXT].
2.1.1. WIDE: Talent measuring and mixing sodium phosphate buffer, sodium chloride, deuterium oxide, and D‑mannose to produce a four millimolar solution.
2.1.2. Talent aliquoting the prepared solution into two separate tubes. TXT: CVN: Cyanovirin-N
2.2. For mapping the ligand binding through chemical shift perturbation, on the NMR spectrometer, set up the HSQCETGPSI (H-S-Q-C-E-T-G-P-S-I) pulse sequence for ¹H-¹³C (H-One-C-Thirteen) HSQC (H-S-Q-C) acquisition [1]. Configure the time domain, the spectral width, carrier frequency and number of scans [2].
Authors: Please create screen capture videos of the shots labeled as SCREEN, create a screenshot summary, and upload the files to your project page as soon as possible: https://review.jove.com/account/file-uploader?src=20945618
2.2.1. SCREEN: Select the HSQCETGPSI sequence.
2.2.2. SCREEN: The time domain, spectral width, carrier frequency and number of scans is being set.
AND
TEXT ON PLAIN BACKGROUND:
Time Domain (TD): 1024 × 128 complex points (¹H × ¹³C dimensions)
Spectral Width (SW): 10.0171 ppm (6009.615 Hz) for ¹H, 80 ppm (12069.106 Hz) for ¹³C
Carrier Frequencies: 4.7 ppm for ¹H, 75 ppm for ¹³C
Number of Scans: 448.
Video Editor: Please play both shot side by side
2.3. Calculate chemical shift perturbation using the equation provided [1].
2.3.1. SCREEN: The CSP is being calculated.
AND
TEXT ON PLAIN BACKGROUND


where  and  represent the chemical shift differences between D-mannose in the presence of CVN and free D-mannose
Video Editor: Please play both shot side by side

2.4. To map ligand binding through saturation transfer difference, first create a new dataset [1]. Configure the parameters for STD‑NMR experiments by either screening different saturation frequencies [2] or fixing the frequency while varying saturation times to evaluate buildup [3]. 
2.4.1. SCREEN: A new dataset is being created. 
2.4.2. SCREEN: The parameters for STD NMR experiment is being set by screening different saturation frequencies.
2.4.3. SCREEN: The parameters for STD NMR experiment is being set by fixing frequency and varying saturation times. 
2.5. Set up 1D ¹H NMR experiments using the zgpr (Z-G-P-R) pulse sequence [1]. Tune the spectrometer for ¹H [2], perform shimming, and measure a hard 90 degree pulse [3]. 
2.5.1. SCREEN: zgpr pulse sequence is being used to set up 1 D ¹H NMR experiments.
2.5.2. SCREEN: The spectrometer is being tuned for ¹H.
2.5.3. SCREEN: Shimming is being done then pulse is being measured at 90°.
2.6. Center the carrier frequency approximately at 4.7 parts per million corresponding to the water signal [1]. Then select the STDDIFFESGP.3 (S-T-D-D-I-F-F-E-S-G-P-POINT-Three) pulse sequence and set the acquisition parameters [2].
2.6.1. SCREEN: The carrier frequency is being set to 4.7 ppm. 
2.6.2. SCREEN: The STDDIFFESGP.3 pulse sequence is being selected. 
2.7. Set the spectral width as required, interscan delay d1 (d-One) to four seconds, and define saturation time d20 (d-Twenty) as per experiment goals [1]. Load the FQ2LIST  (F-Q-Two-List) with off‑resonance frequency at minus 40 parts per million and on‑resonance frequencies to saturate protein only [2]. 
2.7.1. SCREEN: The spectral width, interscan delay d1 and saturation time d20 are being set. 
2.7.2. SCREEN: The FQ2LIST is being loaded with off-resonance and on-resonance frequencies. 
2.8. Test the on‑resonance frequencies of minus 0.59, 0.73, and 8.1 parts per million, to determine optimal conditions [1].
2.8.1. SCREEN: The on-resonance frequencies 0.59, 0.73 and 8.1 ppm are being tested. 
2.9. Use the optimal frequency to acquire STD spectra at saturation times of 0.5, 1, 1.5, 2, 2.5, 3, and 4 seconds [1]. Plot the corresponding ASTD (A-S-T-D) values as a function of saturation time [2]. 
2.9.1. SCREEN: STD spectra is being acquired at different saturation times. 
2.9.2. SCREEN: The corresponding ASTD values are being plotted as a function of saturation time. 
2.10. Now set number of scans to 64 and average the experiment loop four times [1]. Then calculate the total number of scans [2-TXT]. 
2.10.1. SCREEN: The number of scans are being set to 64 and the experiment loop is being averaged 4 times. 
2.10.2. SCREEN: The total number of scans is being calculated.
TXT: Use 32,768 complex points in the direct dimension (TD), Spectral width: 10.0171 ppm (6,009.615 Hz)
AND
TEXT ON PLAIN BACKGROUND:
Total scans = ns x l4
Video Editor: Please play both shot side by side
2.11. Set interscan delay to 4 seconds and acquisition time to 2.7262976 seconds [1]. Configure saturation pulse by setting the duration to 50 milliseconds and control of the Gaussian shape via the shaped program nine SP9 [2].
2.11.1. SCREEN: d1 is being set to 4 s, AQ to 2.7262976 s. 
2.11.2. SCREEN: The saturation pulse is being configured by setting duration to 50 ms and control of Gaussian shape via SP9. 
2.12. Apply a T1ρ (T-One-rho) filter in STD‑NMR variant to suppress residual protein signals [1]. Then set the spin‑lock time d29 (d-Twenty-nine)  based on protein size. Use smaller times for larger proteins, larger times for smaller proteins and optimize empirically [2].
2.12.1. SCREEN: The T1ρ filter is being applied. 
2.12.2. SCREEN: The appropriate spin‑lock time is being set.
2.13. To map the ligand binding 1H-R2, first select the CPMG_ESGP2D (C-P-M-G-E-S-G-P-2-D)  pulse program from the Bruker standard library [1].  Set the experiment as a 2D acquisition [2]. 
2.13.1. SCREEN: The CPMG_ESGP2D pulse program is being selected from the Bruker standard library.
2.13.2. SCREEN: The experiment is being set to 2D acquisition. 
2.14. Configure the acquisition parameters as shown [1]. Then run the experiment for 200 cycles of 8 scans each [2]. Adjust the variable counter list according to the desired total time of the CPMG cycle [3]. 
2.14.1. TEXT ON PLAIN BACKGROUND:
Time domain (TD): 32,768 complex points in the direct ¹H dimension
(TD1): 2 points
Spectral width (SW): 7.9932 ppm (4,795.396 Hz)
Interscan delay (d1): 4 s
Carrier frequency (o1): 4.7 ppm (centered on water signal)
Number of scans (ns): 8
Number of dummy scans (ds): 4
CPMG delay (d20): ≤1 ms (i.e., shorter than 1⁄3 J_HH)
Number of averages (TDav): 200
Video Editor: Please play both shot side by side
2.14.2. SCREEN: The experiment is being initiated for 200 cycles of 8 scans. 
2.14.3. SCREEN: The variable counter list is being adjusted. 

2.15. Run two experiments, one for the sample with the protein and one for the ligand‑only sample [1].
2.15.1. SCREEN: The experiment is being initiated run for both sample conditions.
2.16. Plot the 1H spectra for each TCPMG (T-C-P-M-G) using the command efp (E-F-P) or sinm (SINE-M) followed by fp (f-p) [1]. Then adjust the window function according to the best processing strategy [2]. Calculate the CPMG quotient Q using the equation [3].
2.16.1. SCREEN: The 1H spectra for each TCPMG is being plotted using either efp or sinm commands. 
2.16.2. SCREEN: The window function is being adjusted.
2.16.3. SCREEN: Q is being calculated.
AND
TEXT ON PLAIN BACKGROUND:
Video Editor: Please play both shots side by side
3. Mapping the binding of D-mannose on CVN by chemical shift perturbation of the protein
Demonstrator: Click here to enter name of demonstrator(s)
3.1. [bookmark: _Hlk205385044]Acquire 1H–15N (H-One-N-Fifteen) HSQC spectra of 15N-labeled CVN at 298 Kelvin [1]. Titrate with D-mannose to reach the final concentrations  of 0, 1, 2, 5, 10, 20, 40, and 60 millimoles [2]. 
3.1.1. [bookmark: _Hlk205385068]SCREEN: The 1H–15N HSQC spectra of 15N-labeled CVN is being acquired at 298 K.
3.1.2. Talent performing titrating with D-Mannose. 
3.2. Use phase‑sensitive FHSQCF3GPPH (F-H-S-Q-C-F-3-G-P-P-H) Fast‑HSQC pulse sequence from the Bruker standard library [1].Then calculate the chemical shift perturbation using the formula [2]. 
3.2.1. SCREEN: The phase sensitive FHSQCF3GPPH pulse sequence is being selected from the Bruker standard library. 
AND
TEXT ON PLAIN BACKGROUND:
Use parameters:
Time domain (TD): 1024 × 140 complex points in the 1H and 15N dimensions
Spectral width (SW): 16.0274 ppm (9615.385 Hz) in the 1H dimension and 34 ppm (2067.119 Hz) in the 15N dimension
Carrier frequency: 4.7 ppm (1H) and 119 ppm (15N)
Number of scans: 128
Video Editor: Please play both shot side by side
3.2.2. SCREEN: The Δδ is being calculated. 
AND
TEXT ON PLAIN BACKGROUND:

where  and  are the chemical shift differences between the CVN in the presence and absence of D-mannose
Video Editor: Please play both shot side by side

3.3. Plot CSP (C-S-P) values for each residue as a function of D-mannose concentration to determine dissociation constant KD (K-D) using equation five [1]. Then fit the resulting data to a single-binding isotherm using the formula [2]. 
3.3.1. SCREEN: The CSP values are being calculated as a function of D-mannose. 
3.3.2. SCREEN: The resulting data is being fit to a single binding isotherm. 
AND
TEXT ON PLAIN BACKGROUND:

  : protein concentration used in the titration (CVN)
 : ligand concentration (D-mannose)
 : CSP at the saturation concentration of the ligand 
: CSP in the absence of the ligand
Video Editor: Please play both shot side by side
4. Mapping the binding of D-mannose on CVN via the 15N‒R2 position of the protein
Demonstrator: Click here to enter name of demonstrator(s)
4.1. Measure the 15N-R2 values of the individual residues of CVN residues in absence and presence of 60 millimolar D‑mannose at 298 Kelvin [1]. Use phase‑sensitive HSQCT2ETF3GPSI3D (H-S-Q-C-T-2-E-T-F-3-G-P-S-I-3-D) pulse sequence. Configure parameters as shown [2].
4.1.1. SCREEN: The 15N-R2 values of the individual residues of CVN residues in absence and presence of 60 mm D-Mannose is being measured.
4.1.2. SCREEN: The phase sensitive HSQCT2ETF3GPSI3D pulse sequence is being selected. 
AND
TEXT ON PLAIN BACKGROUND: 
Time domain (TD): 1024 × 128 complex points in the 1H and 15N dimensions, with 8 points in the pseudo dimension
Spectral width (SW): 16.0274 ppm (1H; 9615.385 Hz) and 34 ppm (15N; 2067.119 Hz).
Carrier frequency: 4.7 ppm (1H) and 119 ppm (15N).
Number of scans: 32. (v) Variable counter list: 1, 8, 2, 6, 3, 5, 4, and 7, corresponding to relaxation delays (Trelax) of 16.96, 135.68, 33.92, 101.76, 50.88, 84.96, 67.84, and 118.72 ms, respectively
Video Editor: Please play both shot side by side

4.2. Process pseudo‑three‑dimensional spectra using NMRPipe (N-M-R-Pipe) to generate HSQC‑like spectra for each relaxation delay [1]. Import the processed spectra into an analysis platform [2]. 
4.2.1. SCREEN: The pseudo 3D spectra is being processed using NMRPipe. 
4.2.2. SCREEN: The processed spectra is being imported into an analysis platform. 
4.3. Then select all spectra and apply the Follow Intensity Changes tool [1]. Plot the intensity of each cross-peak as a function of Trelax (T-Relax) and fit the decay to a mono-exponential function to extract 15N-R₂ values for each residue [2].
4.3.1. SCREEN: All spectra is being selected and “Follow Intensity Changes” tool is being applied. 
4.3.2. SCREEN: The intensity of each cross-peak is being applied and the decay is being fit into a mono-exponential function to extract 15N-R₂ values for each residue. 
4.4. Calculate the experimental error from the signal-to-noise ratio of the HSQC-like spectra at 67.84 milliseconds [1]. Process a region of the spectrum containing only noise and convert it to a text file using the given command [2]. 
4.4.1. SCREEN: The experimental error is being calculated. 
4.4.2. SCREEN: A region of the spectrum is being processed and converted to a text file. 
TXT: Command: pipe2txt.tcl ./PROCs/ft/R2_67_84.ft2 > noise67_84.txt
4.5. Then determine the standard deviation of the noise region or noise intensity, using statistical software [1]. Compute the experimental error using the given equation [2].
4.5.1. SCREEN: Noise intensity Inoise is being calculated. 
4.5.2. SCREEN: Experimental error is being calculated. 
AND
TEXT ON PLAIN BACKGROUND:
Video Editor: Please play both shot side by side



Results
Please review this section to make sure that it accurately reflects your findings.
· You/Your videographer does not have to record this section. It only includes the figures/tables from your manuscript (called LAB MEDIA). 
· Use Track Changes when making edits or revisions. Ensure the voiceover length is below 200 words. Current word count: 240.
· Please note that the video cannot include voiceover without an accompanying visual.

5. Results 
AUTHORS: Please go through the results. If you would like to make changes, please replace the existing results so that the word limit is maintained at 200
5.1. Chemical shift perturbations were observed for both anomeric forms of D-mannose in the presence of CVN, with greater shifts seen in β-D-mannose, indicating preferential binding [1]. 
5.1.1. LAB MEDIA: Figure 1C. 
5.2. Two distinct peaks were observed for most D-mannose hydrogens in the presence of CVN, corresponding to free and bound states [1], indicative of a slow exchange regime [2], except for H5β, which exhibited a fast exchange pattern [2].
5.2.1. LAB MEDIA: Figure 1C. Video editor: Sequentially highlight blue and green points
5.2.2. LAB MEDIA: Figure 3B
AUTHORS: Can you please specify which graph of 3B needs to be highlighted here?
5.3. The hydrogen nuclei exhibiting the highest ASTD values were associated with β-D-mannose, consistent with strong dipolar interactions with CVN [1].
5.3.1. LAB MEDIA: Figure 2C	 Video editor: Sequentially highlight the four plots with red hydrogen labels
5.4. In the transverse relaxation rate analysis, Hβ4 was the only proton that exhibited a notable increase in relaxation upon binding to CVN [1]. 
5.4.1. LAB MEDIA: Figure 3C. Video editor: Highlight the position labeled Hβ4 in the “D-mannose + CVN” red spectrum 
5.5. The 1H and 15N chemical shift perturbations, induced by the addition of a ligand was highest at ligand concentration up to 10 millimoles [1]. 
5.5.1. LAB MEDIA: Figure 4A	Video editor: Highlight the top graph labelled “D-mannose=10 mM”
5.6. Residues I40, E41, N42, V43, D44, and G45 within the β-strand showed significant chemical shift perturbations, identifying them as the high-affinity binding site for D-mannose [1]. Binding isotherms showed residue D44 had the highest affinity among the β-strand residues, with a dissociation constant of approximately 1 millimolar [2].
5.6.1. LAB MEDIA: Figure 4A and 4B. Video editor: Highlight the columns labelled I40, E41, N42, V43, D44, and G45 in 4A 
5.6.2. LAB MEDIA: Figure 4C. Video editor: Highlight the D44 plot 
5.7. Measurement of ¹⁵N-R₂ relaxation rates showed both increases and decreases in ΔR₂ values upon D-mannose binding, suggesting a mix of conformational stabilization and exchange processes [1].
5.7.1. LAB MEDIA: Figure 5C. Video editor: Highlight the red and blue lines 
5.8. Residues C58, R59, K74, and R76 demonstrated increased ΔR₂ values, confirming their involvement in the high-affinity binding site [1], while residues F4, C8, R24, and G27 represented the low-affinity region [2].
5.8.1. LAB MEDIA: Figure 5D. Video editor: Highlight the data points corresponding to C58, R59, K74, and R76 
5.8.2. LAB MEDIA: Figure 5D. Video editor: Highlight the data points labeled F4, C8, R24, and G27 
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