[image: ] FINAL SCRIPT: APPROVED FOR FILMING 

Submission ID #: 67765
Scriptwriter Name: Sulakshana Karkala
Project Page Link: https://review.jove.com/account/file-uploader?src=20668373


Title: Stable Isotope In-Vivo Labeling for Mass-Spectrometry Identification of Paternal Metabolites Transferred from Sperm to Oocyte During Fertilization

Authors and Affiliations: 
Luca Roberto1, Gilda Cobellis2, Concetta Ambrosino1,3, Pietro Campiglia4, Mariano Stornaiuolo5

1Biogem Scarl, Institute of Molecular Biology and Genetics Research, Via Camporeale
2Department of Experimental Medicine, University della Campania Luigi Vanvitelli
3Department of Biology, University of Naples "Federico II"
4Department of Pharmacy, School of Pharmacy, University of Salerno
5Department of Pharmacy, University of Naples “Federico II”


Corresponding Authors: 
[bookmark: _Hlk25233958]Mariano Stornaiuolo 		(mariano.stornaiuolo@unina.it)

Email Addresses for All Authors: 
Luca Roberto			(lucaroberto@biogem.it)
Gilda Cobellis			(gilda.cobellis@unicampania.it)
Concetta Ambrosino		(concetta.ambrosino@unina.it)
Pietro Campiglia		(pcampiglia@unisa.it)
Mariano Stornaiuolo 		(mariano.stornaiuolo@unina.it)





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?  NO

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

Current Protocol Length
Number of Steps:  14
Number of Shots:  34

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. Mariano Stornaiuolo: Our research aims to identify paternal metabolites transferred to the zygote at fertilization, uncovering paternal role in early development and epigenetic inheritance beyond just DNA allelic sequences.
1.1.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. 

What are the most recent developments in your field of research?
1.2. Gilda Cobellis: Paternal contribution to embryo genetics has been so far ascribed only to allelic DNA sequences. Now, we know  that epigenetic factors-DNA methylation, histone modifications, and regulatory RNAs-play crucial roles in paternal inheritance and influence embryonic development.
1.2.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. 
What technologies are currently used to advance research in your field?
1.3. Concetta Ambrosino: Currently, the field of intergenerational inheritance is making use of epigenetic analytical platforms  like NGS to identify methylation status of paternal chromosomes and of miRNAs and RNA signalatory fragments.
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. Pietro Campiglia: Challenges consist mostly in try to develop instrumentation able to collect information at single germ cell and single zygote resolution especially for  metabolomic and lipidomic analysis. 
1.4.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. 
What research questions will your laboratory focus on in the future?
1.5. Luca Roberto: Future work will explore functional roles of identified metabolites, assessing their physiological roles by inhibiting their signaling at fertilization by using specific inhibitors of the intracellular pathway these stimulate in embryos.
1.5.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. 

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

2. Integrated Extraction and Derivatization of Lipids, Polar Metabolites, and Sterols from Oocyte and Sperm Mice Samples
Demonstrator:  Sadra Afra, Mohammad Shayan Samavat

2.1. To extract lipid and polar metabolites, obtain mice oocyte and sperm samples [1]. Equilibrate them on ice at 4 degrees Celsius [2].
2.1.1. WIDE: Talent holding labeled tubes.
2.1.2. Talent placing the samples on ice. 

2.2. Add 225 microliters of ice-cold methanol to each sample [1]. Then place the samples in a freezer set to minus 30 degrees Celsius for 1 minute [2]. Transfer the samples to a sonic bath and incubate for 10 minutes [3].
2.2.1. Talent pipetting 225 microliters of methanol into each sample tube.
2.2.2. Talent placing tubes in the minus 30 degrees Celsius freezer and closing the lid.
2.2.3. Talent submerging the tubes in a sonic bath and setting a timer for 10 minutes.

2.3. Next, pipette 750 microliters of ice-cold MTBE (M-T-B-E) into the samples [1-TXT]. Incubate the samples in a Thermomixer for 1 hour at 4 degrees Celsius at 550 revolutions per minute [2].

2.3.1. Talent adding 750 microliters of MTBE to each tube using a pipette. TXT: MTBE: Methyl Tert-Butyl Ether
2.3.2. Talent placing tubes in a Thermomixer, setting 4 degrees Celsius and 550 rpm, and starting the timer for 1 hour.

2.4. Centrifuge the samples at 13,000 rpm for 10 minutes [1]. Then add 188 microliters of water to each tube [2]. 

2.4.1. Talent placing tubes in a centrifuge and starting the spin cycle.
2.4.2. Talent adding 188 µL of water to each tube. 
2.5. Separate the upper phase containing lipids from the lower phase containing polar metabolites [1]. Dry both phases completely in a vacuum concentrator [2]. Store the dried samples at minus 80 degrees Celsius [3].
2.5.1. Talent using a pipette to separate the two visible phases and transfer them into labeled tubes.
2.5.2. Talent placing tubes in a vacuum concentrator.
2.5.3. Shot of the  dried tubes being placed in a minus 80 degrees Celsius freezer.


2.6. To extract sterols, place the oocyte and sperm samples on ice at 4 degrees Celsius [1]. Resuspend each sample in 500 microliters of 70% methanol and water solution [2]. Then transfer the suspension to a labeled glass tube [3].

2.6.1. Talent placing sample tubes on ice and setting a timer for equilibration.
2.6.2. Talent pipetting methanol-water solution into each sample.
2.6.3. Talent transferring the suspensions into labelled glass tubes.

2.7. Vortex the samples for 30 seconds to homogenize [1]. Allow the homogenate to rest at 4 degrees Celsius for 16 hours [2].
2.7.1. Talent vortexing the glass tubes for 30 seconds.
2.7.2. Talent placing the tubes in a refrigerator set to 4 degrees Celsius.

2.8. Now, centrifuge the homogenized samples at 3,220 g for 15 minutes at room temperature [1]. Transfer the supernatant to a new glass tubes [2]. Pipette 500 microliters of PBS into the tubes [3].
2.8.1. Talent loading centrifuge with tubes and setting spin parameters.
2.8.2. Talent pipetting supernatant into new tubes. 
2.8.3. Talent adding 500 µL  phosphate-buffered saline.

2.9. Now, add 7 milliliters of ice-cold diethyl ether to each tube [1]. Vortex the suspension for 1 minute [2]. 
2.9.1. Talent adding diethyl ether to the tubes. 
2.9.2. Talent vortexing the tube.
2.10. After letting the sample sit for 2 minutes to allow phase separation [1], submerge the glass tube in a dry ice and acetone bath to freeze the water phase [2]. Transfer the unfrozen diethyl ether phase into a new tube [3].
2.10.1. Shot of tube with separated phases. 
2.10.2. Talent placing the tube in dry ice-acetone bath.
2.10.3. Talent transferring top ether layer into new labeled tube.

2.11. Defrost the water phase at 37 degrees Celsius [1]. Repeat the extraction process by adding diethyl ether and isolating the upper phase as before [2]. Combine all collected diethyl ether layers in one glass tube [3].
2.11.1. Talent placing the tube in a 37 degrees Celsius water bath.
2.11.2. Talent repeating ether extraction and isolating the upper phase.
2.11.3. Talent combining the collected ether extracts into a single glass tube.

2.12. Dry the final combined extract using a vacuum concentrator [1]. Store the dried sterol samples at minus 80 degrees Celsius [2].
2.12.1. Talent operating vacuum concentrator to dry sterol extract.
2.12.2. Talent placing dried sterol samples into a minus 80 degrees Celsius freezer.

2.13. Bring the dried samples to room temperature to equilibrate [1]. Add 50 microliters of pyridine to solubilize the samples [2]. 
2.13.1. Talent adding pyridine with a micropipette to each sample.
2.13.2. Talent placing dried sample tubes on a lab bench. 

2.14. Add 25 microliters of BSTFA (B-S-T-F-A) to the tubes for derivatization [1-TXT]. Incubate the samples 90 minutes at 60 degrees Celsius before further analysis [2].
2.14.1. Talent adding derivatization agent. TXT: BSTFA:N,O Bis(trimethylsilyl(TMS)trifluoroacetamide)
2.14.2. Talent placing tubes in a heating block set at 60 degrees Celsius for 90 minutes.



Results

3. Results 


3.1. Deuterium-labeled cholesterol derived from sperm was detected in labeled morulae, confirming paternal cholesterol transfer during fertilization [1]. 
3.1.1. LAB MEDIA: Figure 2A. Video editor: Highlight the red line in the left graph labeled “Labeled Morulae”

3.2. Principal component analysis revealed distinct clustering of labeled morulae from unlabeled morulae, unlabeled oocytes, and labeled sperm cells, indicating unique metabolic profiles post-fertilization [1].
3.2.1. LAB MEDIA: Figure 2B. Video editor: Emphasize the red circles (labeled morulae) clustering first then blue, cerulean, and green circles together.

3.3. Heatmap analysis of 50 key metabolites showed that labeled morulae had a distinct metabolic signature compared to other sample groups [1]. 
3.3.1. LAB MEDIA: Figure 2C. Video editor: Highlight all red-colored clusters for “Labeled Morulae” 
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