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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  

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Yes, all done

3. Filming location: Will the filming need to take place in multiple locations?   No


4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials. Yes  
If Yes, please provide the full name and position (e.g., Director of [Institute Name], Senior Researcher [University Name], etc.) of the author willing to participate.
Luis Cordova Bahena, Senior Researcher at UNAM




Current Protocol Length
Number of Steps: 09
Number of Shots: 24

Introduction
Videographer: Obtain headshots for all authors available at the filming location. 

AUTHORS: Please note that only 5 introductory statements may be presented. 
REQUIRED: What is the scope of your research? What questions are you trying to answer? 
1.1. Luis Córdova-Bahena: Our research explores pharmacophore modeling with large ligand libraries. In this study, we focus on SARS-CoV-2 Mpro to identify structural patterns that guide drug discovery.
1.1.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B.roll:4.1

What are the most recent developments in your field of research?
1.2. Luis Córdova-Bahena: Recent advances in pharmacophore modeling use larger and more diverse datasets, which improve accuracy in identifying key molecular features for drug discovery. 
1.2.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B.roll:3.4
What technologies are currently used to advance research in your field?
1.3. Luis Córdova-Bahena: Molecular docking, molecular dynamics simulations, and machine learning are currently used to advance pharmacophore modeling and improve drug discovery outcomes.
1.3.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. 
What are the current experimental challenges?
1.4. Luis Córdova-Bahena: A key challenge is managing large and diverse ligand datasets while improving feature extraction accuracy and reducing computational costs.
1.4.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B.roll:3.5

What significant findings have you established in your field?
1.5. Luis Córdova-Bahena: We have shown that extensive ligand libraries improve pharmacophore feature accuracy, enabling more reliable predictions and better identification of potential drug candidates.
1.5.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B.roll:4.4

Videographer: Obtain headshots for all authors available at the filming location.


Protocol  

2. Construction of Consensus Pharmacophore Models from Ligand-Target Complexes Using PyMOL
Demonstrator: Luis Córdova-Bahena 

2.1. To begin, launch the PyMOL software [1]. Align all protein–ligand complexes on the software [2]. For each aligned complex, extract the ligand conformer and save it as a separate file in SDF (S-D-F) format [3].
2.1.1. WIDE: Talent launches the PyMOL software on a computer.
2.1.2. SCREEN: 2.1.mov.	00:34-00:54
2.1.3. SCREEN: 2.1.mov.	01:29-01:49,02:28-02:44
2.2. Upload each ligand file individually to Pharmit using the Load Features option [1]. After loading, use the Save Session option to download the pharmacophore file in the JSON (J-son) format [2]. Store all downloaded pharmacophore JSON files together in a single folder for later use in the Google Colab (Co-lab) environment [3].
2.2.1. SCREEN: 2.2.mov.	00:00-00:12
2.2.2. SCREEN: 2.2.mov.	00:12-00:19
2.2.3. SCREEN: 2.2.mov. 	01:14-01:30

3. Construction of Consensus Pharmacophore Models from Ligand-Target Complexes Using ConPhar

3.1. Launch Google Colab in a web browser and create a new notebook [1]. Install Conda and PyMOL [2], then run the cell by clicking the play icon or pressing Shift and Enter to verify successful execution. A green bar will appear above the cell if completed correctly [2].
3.1.1. SCREEN: 3.1.1.mov			00:04-00:15
3.1.2. SCREEN: 3.1.2-&-3.1.2.mov 	00:03-00:10
3.1.3. SCREEN: 3.1.2-&-3.1.2.mov 	02:30-03:01
3.2. Now, install a the ConPhar (Con-Far) Python package and import the required modules [1]. Run the cell by clicking the Play icon to confirm successful installation. A confirmation message will appear upon successful execution [2].
3.2.1. SCREEN: 3.2.1-&-3.2.2.mov		00:00-00:06
3.2.2. SCREEN: 3.2.1-&-3.2.2.mov.	00:07-00:25, 00:31-00:33
3.3. Next, create a new folder for storing pharmacophore JSON files [1]. Open the folder, right-click inside it, and select Upload to upload the JSON files [2].
3.3.1. SCREEN: 3.3.1-&-3.3.2.mov.	00:00-00:11
3.3.2. SCREEN: 3.3.1-&-3.3.2.mov.	00:12-00:30
3.4. To parse and consolidate pharmacophoric features, extract the features from all uploaded files [1].  Click on the Play icon to run the cell [2] and generate a consolidated DataFrame containing the features from each individual ligand [3].
3.4.1. SCREEN: 3.4.1-&-3.4.2-&-3.4.3-.mov	00:00-00:06
3.4.2. SCREEN: 3.4.1-&-3.4.2-&-3.4.3-.mov. 	00:07-00:10
3.4.3. SCREEN: 3.4.1-&-3.4.2-&-3.4.3-.mov.	00:11-00:15
3.5. Display all pharmacophoric descriptors [1]. Then run the cell to display clustering patterns [2]. 
3.5.1. SCREEN: 3.5.1-&-3.5.2.mov 	00:00-00:06
3.5.2. SCREEN: 3.5.1-&-3.5.2.mov		00:07-00:20
3.6. Now, save the pharmacophore model in the PyMOL format.  Run the cell to generate a .pse (dot-P-S-E) file [1]. Then, save the model as a JSON file by running the corresponding code cell [2]. 
3.6.1. SCREEN: 3.6.1-&-3.6.2.mov		00:30
3.6.2. SCREEN: 3.6.3.mov.		00:03-00:12
3.7. Generate feature-clustered outputs and dendrograms using the provided code [1]. Click on Play and export the consensus pharmacophore data to a CSV (C-S-V) file by executing the export command [2]. Use the generated consensus pharmacophore model for virtual screening [3].
3.7.1. SCREEN: 3.7.1-(1).mov	00:06-00:22
3.7.2. SCREEN: 3.7.2.mov.		00:00-00:11
3.7.3. SCREEN: 3.7.3.mov.		00:08-00:32

3.7.4. 

Results
4. Results 

4.1. One hundred main protease or Mpro (m-pro) complexes co-crystallized with different non-covalent inhibitors were aligned to visualize ligand diversity within the binding pocket [1]. Each ligand was individually extracted from the aligned complexes to generate separate files for virtual screening [2]. The extracted ligands were uploaded to the Pharmit server and used to generate structured JSON files for pharmacophore modeling [3].
4.1.1. LAB MEDIA: Figure 9 	Video Editor: Please highlight A
4.1.2. LAB MEDIA: Figure 9	Video Editor: Please highlight B
4.1.3. LAB MEDIA: Figure 9	Video Editor: Please highlight C
4.2. The JSON files yielded 1,450 pharmacophoric features grouped into 110 clusters [1], including 23 aromatic [2], 30 hydrogen bond acceptors [3], 16 hydrogen bond donors [4], 36 hydrophobic [5], and 5 anion clusters [6].
4.2.1. LAB MEDIA: Figure 10	Video Editor: Please highlight A
4.2.2. LAB MEDIA: Figure 10B	Video Editor: Please highlight image labeled “Aromatic”
4.2.3. LAB MEDIA: Figure 10B	Video Editor: Please highlight image labeled “HBA”
4.2.4. LAB MEDIA: Figure 10B	Video Editor: Please highlight image labeled “HBD”
4.2.5. LAB MEDIA: Figure 10B	Video Editor: Please highlight image labeled “Hyd”
4.2.6. LAB MEDIA: Figure 10B	Video Editor: Please highlight image labeled “Anion”

4.3. To build the consensus model, only the most densely populated clusters were retained: [1], while anion clusters were excluded due to insufficient members [2].
4.3.1. LAB MEDIA: Figure 10B	Video Editor: Please highlight images labeled “Aromatic, HBA, HBD, Hyd”.
4.3.2. LAB MEDIA: Figure 10B	Video Editor: Please highlight image labeled “Anion”
4.4. The final consensus pharmacophore model consisted of 11 features comprising 3 aromatic, 4 hydrogen bond acceptors, 2 hydrogen bond donors, and 2 hydrophobic features [1].
4.4.1. LAB MEDIA: Figure 11	Video Editor: Please highlight A. Sequentially highlight the purple, orange, grey and green circles when VO says “ aromatic”, “ hydrogen bond acceptors”, “hydrogen bond donors” and “ Hydrophobic deatures”
4.5. After removing the least representative aromatic feature, Aro 1 (arrow-one) , two candidate compounds were identified [1]. The two-dimensional chemical structure of compound 101267741 (one-zero-one-two-six-seven-seven-four-one) was visualized to confirm its compatibility with the pharmacophore model [2].
4.5.1. LAB MEDIA: Figure 11	Video Editor: Please highlight B
4.5.2. LAB MEDIA: Figure 11	Video Editor: Please highlight C
4.6. Compound 101267741 fit deeply into the Mpro binding pocket, occupying the S1 and S2 subpockets more effectively [1] than the reference ligand 38a (Thirty-eight-A) , which spread toward the S1′ (S-one-dash) pocket [2].
4.6.1. LAB MEDIA: Figure 11D (left panel). Video editor: Highlight the green compound conformer 
4.6.2. LAB MEDIA: Figure 11D (middle panel). Video editor: Highlight the purple compound conformer
4.7. Compound 101267741 formed 11 intermolecular interactions—7 hydrogen bonds and 4 hydrophobic contacts [1].
4.7.1. LAB MEDIA: Figure 11D (right panel). 
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