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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?  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. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.
Enter make and model of microscope.
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.
2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Yes
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://www.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.

3. Filming location: Will the filming need to take place in multiple locations?   Yes
If Yes, how far apart are the locations? 50 m

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

Interviews 
1. Video 1: Author Spotlight: Title (Filled by scriptwriter during script finalization)

Videographer: Obtain headshots for all authors. 

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 50 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. Jesús Jiménez-Barbero: Our research delves into the study of diverse glycan-lectin systems, exploring their connections to health and disease. We merge methodologies from chemistry, biology and biomedicine, to deeply investigate their roles in immune responses-from cancer to bacterial and viral infections. 

What are the most recent developments in your field of research?
1.2. Jesús Jiménez-Barbero: Recently, Glycosciences marked groundbreaking milestones by transforming glycan design, synthesis, and the analysis of structural and molecular recognition aspects, from the atomic to the cellular level. These advances collectively set the stage for the flourishing of advanced glycan-based therapies. 
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 50 or fewer words.
What are the current experimental challenges?
1.4. Jesús Jiménez-Barbero: Direct examination of glycoconjugates in the cellular microenvironment demands pushing the boundaries of structural techniques such as NMR. To this aim, our group is continuously developing cutting-edge NMR-based techniques, with special emphasis on the use of stable isotopes (13C, 19F) to achieve this goal.

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 50 or fewer words.

What research gap are you addressing with your protocol?
1.6. Jesús Jiménez-Barbero : This protocol outlines the procedures to acquire, process and analyze two of the most powerful NMR methodologies employed in the NMR-glycobiology field, which complementarily offer precise information on the structural and dynamic aspects of molecular recognition of glycans. 

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 50 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 50 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 50 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 50 or fewer words.

Videographer: Obtain headshots for all authors.

Protocol Videos 
Each video will include a section of your protocol and accompanying results, if applicable. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) are the narration. Professional voiceover artists will narrate the video. 
· Red and italics are pronunciation guides (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 from that step in advance.
Protocol:
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that the videographer will capture. 
Representative Results: 
· The three-digit numbers (e.g., 2.3.1., 2.3.2.) are the figures/tables from your manuscript. These will not be recorded by the videographer.
· Please review the result section to make sure it logically follows the video.
· Please note that the video cannot include voiceover without an accompanying visual.

2. Video 2: Acquisition, Processing, and Analysis of 1H-Saturation Transfer Difference (STD) NMR to Characterize Protein-Glycan Interactions
Demonstrator: Ana Gimeno
Protocol
2.1. Begin by preparing a sample with a protein-ligand complex [1-TXT]. Then, using a pipette, carefully transfer a total volume of 0.6 milliliters of the prepared solution into a 5-millimeter NMR (N-M-R) tube [2].
2.1.1. WIDE: Talent mixing the protein-ligand complex with all the required reagents in the frame.TXT: Glycan: Lectin molar ratios: 10:1-100:1; Protein concentrations: 0.01-0.2 mM Videographer: Please take a still image of talent performing this action. Make sure that it is at least a half-body shotwith the talent's face visible and zoom out so we have room for cropping. 
2.1.2. Talent transferring the solution into the NMR tube using a pipette.

2.2. To set up the NMR instrument to the required temperature, use the edte (E-D-T-E) command to open the temperature control monitor and adjust the desired temperature [1].
2.2.1. SCREEN: The temperature control monitor using the 'edte' command is being opened and the temperature is being set.
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/files_upload.php?src=20291698

2.3. Then, activate the sample lift air with the ej (E-J) command [1]. Position the sample on top of the magnet [2] and, using the ij (I-J) command, deactivate the sample lift [3].
2.3.1. SCREEN: The ej command is being executed.
2.3.2. Talent inserting the NMR sample into the probe.
2.3.3. SCREEN: The ij command is being executed.

2.4. To lock on the solvent signal, type the lock command and select the appropriate solvent from the menu [1]. Use either the automatic module atma (A-tT-mM-aA) or the manual module atmm (AtmmA-T-M-M) to complete the tuning and matching process [2]. 
2.4.1. SCREEN: Lock is being typed. The appropriate solvent is being selected from the menu.
2.4.2. SCREEN: The automatic module 'atma'/ the manual module 'atmm' is being started.

2.5. Now, using the topshim gui (Top-Shim-G-U-I) command, start the automatic shimming [1]. Then, execute the pulsecal (Pulse-cal) command to determine the hydrogen proton 90-degree pulse [2]. 
2.5.1. SCREEN: The 'topshim gui' command is being used to start the automatic shimming process.
2.5.2. SCREEN: The 'pulsecal' command is being executed into the NMR system.

2.6. After that, create a new dataset and upload the STD (S-T-D) NMR pulse sequence [1]. Define the off- and on-resonance frequencies for the STD NMR experiment [2]. Check the AcquPars (Acqu-Pars) parameters in the ased (A-S-E-D) window to find the frequency list under the FQLIST (F-Q-List) entry [3]. 
2.6.1. SCREEN: A new dataset is being created, and the STD NMR pulse sequence is being uploaded.
2.6.2. SCREEN: The off- and on-resonance frequencies are being defined for the STD NMR experiment.
2.6.3. SCREEN: The AcquPars parameters are being checked in the 'ased' window under the FQLIST entry

2.7. Then, choose an on-resonance frequency in a spectral region devoid of glycan signals [1]. Set the off-resonance frequency in a region without any ligand or protein proton signals [2]. Define the shaped pulse to be used during the saturation time in the AcquPars parameters of the ased window [3]. 
2.7.1. SCREEN: An on-resonance frequency is being chosen in a spectral region devoid of glycan signals
2.7.2. SCREEN: The off-resonance frequencies is being selected in a region without any ligand or protein proton signals
2.7.3. SCREEN: The shaped pulse is being defined in the AcquPars parameters of the 'ased' window.

2.8. Afterwards, set the hydrogen proton 90-degree pulse length [1]. Adjust the total saturation time and the relaxation delay to 3 seconds [2]. Set the number of scans to a multiple of 8 and dummy scans to 8 [3]. Then, set the number of points in F2 to 16k, 32k, or 64k and in F1 to 2 [4]. 
2.8.1. SCREEN: The 1H 90° pulse length is being set.
2.8.2. SCREEN: The total saturation time is being set to 2s. The relaxation delay is being set to 3.
2.8.3. SCREEN: The number of scans and dummy scans are beings set to 8.
2.8.4. SCREEN: The number of points in F2 is being set to 16k, 32k, or 64k and F1 is being set to 2.

2.9. Now, using the automatic command rga (R-G-A), set the receiver gain to avoid overflow [1]. Calculate the total experiment time using the expt (Experiment) command [2]. Finally, use the zg (Z-G) command to send the experiment for acquisition [3]. 
2.9.1. SCREEN: The receiver gain is being adjusted using rga command.
2.9.2. SCREEN: The total experiment time is being calculated using the 'expt' command.
2.9.3. SCREEN: The 'zg' command is being executed to start data acquisition.


2.10. After the experiment, perform the Fourier transform of the first fid [1] and select the destination of the processed spectra [2-TXT].
2.10.1. SCREEN: The Fourier transform of the first fid is being performed. 
2.10.2. SCREEN: The destination of the processed spectra is being selected. TXT: Alternatively, use the rser 1 command to read the first fid

2.11. Then, using the lb (L-B) command, adjust the line broadening factor [1]. To manually phase the spectrum, access the Process tab and then the adjust phase submenu [2]. Click and drag on the corresponding button to perform zero and first-order corrections and save the phasing results [3].
2.11.1. SCREEN: The line broadening factor is being adjusted.
2.11.2. SCREEN: The Process tab is being clicked and adjust phase submenu is being selected. 
2.11.3. SCREEN: The zero and first-order corrections are being performed and the phasing results are being saved.

2.12. After performing the Fourier transform for the second experiment, save the processed spectrum with a different code [1]. Load the two processed spectra with the multiple function and using the subtraction button available in the multiple visualization subtract them [1].
2.12.1. SCREEN: The second spectrum is being saved with a different code.
2.12.2. SCREEN: The two processed spectra with the multiple function are being loaded and subtracted using the subtraction button.

2.13. Then, open the off-resonance spectrum and execute the .md (M-D) command to initiate the multiple display window [1]. Subsequently, upload the STD spectrum [2].
2.13.1. SCREEN: The off-resonance spectrum is being opened. The .md command is being executed. 
2.13.2. SCREEN: The STD spectrum is being uploaded.

2.14. Next, conduct a comparative analysis of the frequencies and intensities of the signals present in the STD NMR spectrum [1].
2.14.1. SCREEN: The frequencies and intensities of the signals in the STD NMR spectrum are being compared. 

2.15. [bookmark: _Hlk160375839]In the off-resonance experiment, measure the signal intensities [1]. Navigate through the menu to select Process and then Integrate. Carefully define the regions of interest and record the integrals in a file [2].
2.15.1. SCREEN: The signal intensities are being measured in the off-resonance experiment.
2.15.2. SCREEN: Process is being selected, followed by Integrate. The regions of interest are being defined and the integrals are being recorded in a file.

2.16. Similarly, measure the intensities in the STD NMR experiment, ensuring to use identical parameters and document these integrals in a separate file [1].
2.16.1. SCREEN: The intensities in the STD NMR experiment are being measured using identical parameters. The integrals are being documented in a file.

2.17. To calculate the relative STD as a percentage, assign a 100% value to the proton exhibiting the maximum discrepancy between intensities in the off-resonance and the STD NMR spectrum [1].
2.17.1. SCREEN: A 100% value is being assigned to the proton exhibiting the maximum discrepancy between intensities in the off-resonance and the STD NMR spectrum.
Representative Results
2.18. The Hydrogenproton-STD NMR spectrum for the interaction of N-Acetyllactosamine with hGalectin-7 (Hhuman-Galectin-Seven) [1] showed STD NMR signals indicating binding [2]. Moreover, signals belonging to protons in close contact with the protein showed up, allowing the delineation of the binding epitope [3].
2.18.1. LAB MEDIA: Figure 3
2.18.2. LAB MEDIA: Figure 3 Video editor: Please highlight figure 3A
2.18.3. LAB MEDIA: Figure 3 Video editor: Please highlight figure 3B

3. Video 3: 15N-Heteronuclear Single Quantum Coherence (HSQC) Titration Experiments to Monitor the Chemical Shifts of the 1H and 15N NMR Resonances
Demonstrator: Ana Poveda?? (si no puedo hacerlo yo, jejejej)
Protocol
3.1. To begin, prepare the sample using the lectin of interest [1-TXT]. To create the buffered solution, utilize a mixture comprising 90% water and 10% deuterium oxide [2].
3.1.1. WIDE: Talent at the bench with the lectin sample and all the required reagents in the frame TXT: Ensure complete 15N labeling of receptor amino acids
3.1.2. Talent mixing H2O and D2O to prepare the buffered solution.

3.2. After acquiring the hydrogen proton NMR spectrum, initiate create a new dataset and select the pulse program hsqcetfpf3gp (H-S-Q-C-E-T-F-P-F-Three-G-P) [1]. Then, define the required experimental parameters [2].
3.2.1. SCREEN: A new dataset is being created and the 'hsqcetfpf3gp' pulse program is being selected.
3.2.2. SCREEN: The required experimental parameters are being defined.

3.3. Send the experiment for acquisition [1] and process the Free FID using the command xfb (X-F-B) [2].
3.3.1. SCREEN: The experiment is being sent for acquisition. 
3.3.2. SCREEN: The Free FID is being processed using the command xfb.

3.4. Now, from the highly concentrated stock solution of the glycan, transfer an appropriate volume to the NMR tube containing the receptor [1]. Subsequently, record the spectra [2].
3.4.1. Talent transferring glycan solution to the NMR tube containing the receptor.
3.4.2. SCREEN: The spectra are being recorded.

3.5. Then, using supplementary software, generate a comprehensive list of hydrogen proton and nitrogen-15 frequencies for all cross-peaks observed [1].
3.5.1. SCREEN: A list of 1H and 15N frequencies for all cross-peaks are being generated.

3.6. After that, calculate the maximum chemical shift perturbations [1]. Construct a 2D plot with the maximum chemical shift perturbations plotted on the vertical y-axis against the corresponding amino acid residue on the horizontal x-axis [2].
3.6.1. SCREEN: The maximum chemical shift perturbations are being determined.
3.6.2. SCREEN: The maxCSP is being plotted against amino acid residues on a 2D graph.

3.7. If the 3D structure of the protein is available, open the corresponding PDB (P-D-B) file using the appropriate software [1]. Highlight the residues showing the highest maximum chemical shift perturbations in a distinct color to identify the probable binding site [2].
2.19.1. SCREEN: The PDB file is being opened in specialized software.
2.19.2. SCREEN: The residues with significant maxCSP are being colored to indicate the binding site.
Representative Results
3.8. Superimposition of the Hydrogenproton-Nitrogen-15 HSQC (H-S-Q-C) spectra recorded for the titration of N-Acetyllactosamine into hGalectin-7 (Hhuman-Galectin-Seven) solution [1] depicted several cross-peaks experiencing chemical shift changes, indicating interaction [2].
3.8.1. LAB MEDIA: Figure 5 
3.8.2. LAB MEDIA: Figure 5 Video editor: Please highlight figure 5A

3.9. The most perturbed amino acids of hGalectin-7 are mapped into the 5gal (Five-Gal) PDB structure. The colored region likely represents the binding site [1].
3.9.1. LAB MEDIA: Figure 5 Video editor: Please highlight figure 5C
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