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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)  N

2. Does your protocol include software usage? (Y/N) Y
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.

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
2.1; 2.2; 4.3; 5.2; 5.5; 5.7

4. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.)
5.9

5. Will the filming need to take place in multiple locations? (Y/N) N


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.

1. REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.1. Luciana de Oliveira: Whole genome sequencing, genome mining and molecular networking constitutes the base for the mass spectrometry-guided genome mining protocol that we describe here and are the most contemporary approaches in natural products discovery. Genome mining and molecular networking match gene cluster-encoded annotations in whole genome sequencing with chemical structure signatures from crude extracts providing massive prospects for uncovering novel bioactive molecules [1]. 
1.1.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.

1.2. Luciana de Oliveira: In principle, genome mining target a single or small group of molecules per experiment, thereby resulting in a slow discovery rate. In this sense, using GM along with molecular networking represents an important advance for natural product research [1].
1.2.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.	 


OPTIONAL Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.3. Luciana de Oliveira: Mass Spectrometry-Guided Genome Mining is a versatile method to gain structural information of several chemotypes contained in a large amount of data from a crude extract simultaneously. Today it is high range methodology capable to explore bacterial, fungal or plant sequence providing chemotype-to-genotype and genotype-to-chemotype bioinformatics links between BGCs and their small molecule products [1].
1.3.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.

1.4. Luciana de Oliveira: Herein the protocol is demonstrated to characterize novel cyclodepsipeptide products observed in metabolic extracts of Streptomyces species but its applicable to fungal and plants sequence and extracts as well [1].
1.4.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera. 


1.5. Luciana de Oliveira: It’s very important to have nicely curated genome dataset and nowadays fragmented draft sequences have increasingly been supplanted by near-finished sequence data. Also, different strategies have been developed to access new bioactive natural products. Certainly combining them with MS-guided/code approaches will lead to improvement in natural products isolation and structure elucidation [1].
1.5.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.

1.6. Luciana de Oliveira: As here we are connecting genotype-to-chemotype approach bioinformatics links between BGCs and their small molecule products are crucial to estimate the variety and class of compounds encoded by the genome, which means dereplication. Later, clustering based on ions similarities can be performed by using GNPS [1]. 
1.6.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.


Introduction of Demonstrator: (Said by you on camera)

1.7. Luciana de Oliveira: Demonstrating the procedure will be Dr. Renata Sigrist and Prof. Célio Angolini, my collaborators in this study [1] [2]. 
1.7.1. Interview style: Author saying the above 
1.7.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.


1.1. 

Section - Protocol
2. Genome Mining for Biosynthetic Gene Clusters
2.1. To obtain in silico information about secondary metabolism gene clusters annotations from a complete sequenced genome, submit the sequence file, GenBank EMBL (pronounce as gene-bank-E-M-B-L) or FASTA (pronounce as fasta) format, to an antiSMASH platform [1-TXT].
2.1.1. SCREEN: Talent submits file online. TEXT: https://antismash.secondarymetabolites.org Important Step 60825_2.1.1 0:00:01- 0:00:45 and 0:01:01- 0:01:05
2.2. Select the gene cluster of interest from the output data based on the most similar known cluster [1].
2.2.1. SCREEN: Talent selects gene cluster. Important Step 60825_2.2.1 0:00:01- 0:00:23
2.3. Based on the DNA sequence information of the BGC (pronounce as B-G-C), design primers between 20–25 nucleotides flanking the gene cluster for E. coli –Streptomyces Artificial Chromosome library screening [1]. 
2.3.1. SCREEN: Talent designs the primers.  60825_2.3.1 0:00:01- 0:00:59
3. Strain Cultivation
3.1. After obtaining the recombinant heterologous organism according to the manuscript, using a sterile loop, inoculate 1/100 of the strain’s pre-culture in appropriate fermentation media such as Liquid ISP2 (pronounce as eye-S-P-2) media [1]. Place the culture on an incubator at 30 degrees Celsius and 220 rpm for 7 days [2].
3.1.1. Talent inoculates culture.
3.1.2. Talent places the tube containing culture into an incubator.
3.2. After inoculation, centrifuge the cultures at 2200 times g for 10 minutes [1]. Discard the cells, and transfer the supernatant into a separatory funnel [2]. Add 1 to 1 volume of ethyl acetate, and shake [3].
3.2.1. Talent places the tube into the centrifuge.
3.2.2. CU: Talent removes the supernatant, and transfer the rest into a funnel.
3.2.3. Talent adds solvent into the funnel and shakes.
3.3. Wait 1 to 3 minutes for the organic and aqueous layers to separate, and collect the organic phase in an Erlenmeyer flask [1].
3.3.1. Shot of the separated layers, and collects the upper phase in a flask.
4. Acquiring Mass Spectra and Preparation for GNPS Analysis
4.1. To acquire MS/MS (pronounce as M-S-M-S) data, program suitable HPLC and mass spectrometry methods using the control software [1]. 
4.1.1. Talent operates on the computer.
4.2. Luciana Oliveira: It should be noted that MS/MS networking is the detectable molecular network under the given mass spectrometric conditions [1].
4.2.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
4.3. Convert mass spectra to .mzXML (pronounce as M-Z-X-M-L) format using MSConvert from Proteowizard. Adjust the input parameters for the conversion [1-TXT].
4.3.1. SCREEN: Talent opens a website, and adjusts input parameters TEXT: http://proteowizard.sourceforge.net/ Important Step 60825_4.3.1 0:00:01- 0:01:28
4.4. Upload the converted LC-MS/MS files into the GNPS database. Two options are available: using a file transfer protocol or directly in a browser through the online platform [1]. 
4.4.1. SCREEN: Talent uploads files, and shows two options. 60825_4.4.1 0:00:07- 0:01:54
5. GNPS Analysis
5.1. After creating an account in GNPS (pronounce as G-N-P-S), log in to the created account and select Create Molecular Network. Add a job title [1-TXT]. 
5.1.1. SCREEN: Talent logins in to the website, and selects create molecular network, and adds a job title. TEXT: https://gnps.ucsd.edu/ 60825_5.1.1 0:00:03-0:00:34
5.2. To perform basic options, select the .mzXML files to perform the molecular network. Organize them into up to six groups. And select the libraries for the dereplication routine [1]. Select the precursor ion mass tolerance and fragment ion mass tolerance of 0.02 Daltons and 0.05 Daltons, respectively [2].
5.2.1. SCREEN: Talent selects files, organizes them, and selects the libraries. 60825_5.1.1 0:00:35-0:01:48
5.2.2. SCREEN: Talent selects ion mass tolerance. Important Step 60825_5.1.1 0:01:49- 0:02:04
5.3. To perform advanced network options, select the parameters, which directly influence the network cluster size and form. Advanced parameters are in GNPS documentation [1-TXT].
5.3.1. SCREEN: Talent goes to advanced network options, and selects parameters. Then, talent opens a website, and shows the advanced parameters. TEXT: https://ccms-ucsd.github.io/GNPSDocumentation/ Video editor: Show text when VO reads “GNPS” 60825_5.1.1 0:02:05-0:02:16
5.4. Choose an e-mail address to receive an alert when the work is done, and submit the job [1].
5.4.1. SCREEN: Talent submits the job. 60825_5.1.1 0:02:16-0:03:18
5.5. To analyze GNPS results, log in to GNPS. Select Jobs, Published job, Done, to open the job. A webpage opens with all results obtained from molecular networking displayed. Select View Spectral Families In Browser Network Visualizer to see all network clusters. A list is displayed with all generated molecular networking clusters [1].
5.5.1. SCREEN: Talent logins, opens the job, selects, and a list is displayed. Important Step  60825_5.5 00:30-00:49
5.6. Tentative molecules identification is displayed in AllIDs (pronounce as all eye-dees). Select Show to visualize them [1].
5.6.1. SCREEN: Talent shows tentative molecules identification, and visualizes them. 	60825_5.5 00:49-00:59
5.7. To analyze the molecular network cluster, select Visualize Network. In the node labels box, select parent mass. In the edge labels box, select Cosine or DeltaMZ to observe node similarity or mass difference between nodes, respectively [1]. 
5.7.1. SCREEN: Talent selects visualize network, and selects in labels boxes. Important Step 60825_5.5 01:30-02:00
5.8. In the case of multigroup analyses, click Draw pies in the node coloring box to observe the frequency at which each node appears in each group [1]. To see all library hits, select View all library hits [2].
5.8.1. SCREEN: Talent clicks draw pies. 60825_5.5 0:02:00 –0:02:09 and 0:02:09 -0:02:19
5.8.2. SCREEN: Talent selects view all library hits. 60825_5.5 02:34 - 02:41
5.9. Open the fragmentations spectra directly in the GNPS platform or in original raw files to manually confirm dereplicated compounds and structure elucidation of related compounds [1].
5.9.1. SCREEN: Talent opens the fragmentations spectra. Important Step 60825_5.5 03:10-03:26



Section – Results
6. Results: Genome Sequence Analysis and Molecular Networking
6.1. The protocol was successfully exemplified using a combination of genome mining, heterologous expression, and MS-guided/code approaches to access new specialized valinomycin analogues molecules [1].
6.1.1. LAB MEDIA: Figure 1
6.2. The genome-to-molecule workflow for the target, valinomycin, is presented here [1]. The chromatogram showed that valinomycin, montanastatin, and five analogues were produced by valinomycin biosynthetic gene clusters expression in a heterologous host [2].
6.2.1. LAB MEDIA: Figure 8
6.2.2. LAB MEDIA: Figure 8 – Video editor: Emphasize the LC-MS analysis graph on the right. 
6.3. Molecular networking ions corresponding to valinomycin, an already known compound with the corresponding biosynthetic gene clusters annotated in Streptomyces sp. CBMAI 2042 (pronounce as Streptomyces species C-B-M-A-eye 2-zero-4-2) genome, are clustered with ions related to analogues firstly described for valinomycin biosynthetic gene cluster [1].
6.3.1. LAB MEDIA: Figure 9A
6.4.  The MS spectra and chemical structures for valinomycin and related analogues are shown here [1].
6.4.1. LAB MEDIA: Figure 9B





Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. Luciana de Oliveira: Perform whole genome sequencing and proper dataset curating is the first step to electing a biosynthetic gene cluster for MS-guided genome mining [1].
7.1.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera. – Video editor: B-roll suggestion: Shot 2.1.1.
7.2. Luciana de Oliveira: The whole procedure can be performed with the wild type strain crude extract but you can opt to select the gene cluster of your interest and promote heterologous expression. Different methods are described to capture the whole biosynthetic gene cluster from a DNA sample [1].  
7.2.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
7.3. Luciana de Oliveira: The strongest advantage of this protocol is its ability to rapidly dereplicate metabolic profiles and bridge genomic information with MS data in order to elucidate the structures of new molecules. MS-guided genome mining was firstly described in the fields of peptidogenomics and glycogenomics by Dorrestein and colleagues. After the introduction of GNPS, integrated metabolomics and genome mining approaches have become the most versatile avenue to connect molecular networks with biosynthetic capabilities [1].
7.3.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.  
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