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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?   Yes
The distance between filming locations is around 1.24 miles


Current Protocol Length
Number of Steps:  23
Number of Shots:  45 

Introduction
1. Introductory Interview Statements

Videographer: Obtain headshots for all authors. 

REQUIRED: 
1.1. Carlos Sponton: This protocol presents the SPH CRISPR activation system as an alternative strategy to conventional viral vectors to perform gain-of-function assays in adipocytes. 

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B roll: 2.1.2, 2.2.1 and 2.3.1

1.2. Vanessa Furino: It allows the overexpression of single or multiple adipocyte endogenous genes within the complex cellular environment of adipose tissue by delivering a customized sgRNA using an AAV.  

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B roll: 2.6.1 and 2.9.2


OPTIONAL: 
1.3. Fernando Rivera: The challenging steps of this protocol are related to cloning the sgRNA and the production and injection of AAV into the adipose tissue. 

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B roll: 3.4.2 and 3.5.1

Ethics Title Card
1.4. Procedures involving animal subjects have been performed in accordance with the University of Campinas Guide for the Care and Use of Laboratory Animals.



Protocol
2. Molecular Cloning
2.1. To begin, design single-guide RNA or sgRNA (S-G-R-N-A) for CRISPR (crisper) activation using CHOPCHOP (chop-chop) or any other suitable tool [1-TXT]. Design the sgRNA targeting the Prdm16 (P-R-D-M-16) gene using the parameters Target: Prdm16; In (in): Mus musculus; Using: Crispr/Cas9 (crisper-cas-9); For: Activation [2]. 
2.1.1. WIDE: Establishing shot of talent entering indicated command with monitor/screen visible in the frame. TXT: https://chopchop.cbu.uib.no/
2.1.2. SCREEN: 64849_screenshot_1.mp4 00:02 to 00:16 and 00:19 to 00:37. Video Editor: Can speed up the typing and selection!

2.2. Add overhangs to the sgRNA to match the Sacl (Sac-one) restriction site in the vector backbone pAAV-U6-gRNA-CBh-mCherry (P-A-A-V-U-six-g-R-N-A-C-B-H-m-cherry). Include 5’- (N20)AGCT-3’ (five-prime-N-twenty-A-G-C-T-three-prime), where N corresponds to nucleotides [1-TXT]. 
2.2.1. SCREEN: 64849_screenshot_1.mp4 00:38 to 00:47. TXT: Targeting Prdm16 sequence is 5’- CGAGCTGCGCTGAAAAGGGG-3’ and with overhangs is 5’- CGAGCTGCGCTGAAAAGGGGAGCT-3’

2.3. Obtain the 3’ (three-prime) sgRNA reverse complement sequence using the indicated tool [1-TXT]. 
2.3.1. SCREEN: 64849_screenshot_1.mp4 00:52 to 00:56; 01:00 to 01:01 and 01:08 to 01:16. TXT: https://arep.med.harvard.edu/labgc/adnan/projects/Utilities/revcomp.html

2.4. Next, for annealing of single-stranded complementary oligonucleotides, add 1 microliter of each 5’ and 3’ single-stranded oligonucleotide, 1 microliter of T4 (T-four) ligase buffer, 0.5 microliters of T4 polynucleotide kinase, and 6.5 microliters of water to a final reaction volume of 10 microliters [1-TXT].
2.4.1. Talent preparing single-stranded complementary oligonucleotide mixture into a tube. TXT: See text for the concentration of each reagent

2.5. Anneal the complementary single-stranded oligonucleotides using a thermocycler [1] under the conditions: 37 degrees Celsius for 30 minutes and 95 degrees Celsius for 5 minutes, followed by a ramp-down rate of 5 degrees Celsius per minute [2].
2.5.1. Talent turning on the thermocycler.
2.5.2. Talent setting the conditions for annealing on a thermocycler with monitor/screen visible in the frame.

2.6. [bookmark: _bqmqmwlnbta4]Then, for ligation of annealed sgRNA oligonucleotides, add 25 nanograms of plasmid pAAV-U6-gRNA-CBh-mCherry to 2 microliters of annealed sgRNA oligonucleotides, 1 microliter of SacI enzyme, 2 microliters of 10x (ten-X) T4 DNA ligase buffer, 1 microliter of T4 DNA ligase, and water to a final reaction volume of 10 microliters [1]. 
2.6.1. Talent preparing reaction mixture for ligation of annealed sgRNA oligonucleotides. 

2.7. Perform ligation by incubating the reaction mixture using a thermocycler under the conditions: 15 cycles of 37 degrees Celsius for 5 minutes and 25 degrees Celsius for 5 minutes, followed by holding at 4 degrees Celsius [1].
2.7.1. Talent setting the conditions for ligation on a thermocycler with a monitor/screen visible in the frame.

2.8. Next, transform the competent Escherichia coli DH10B (D-H-10-B) cells with 4 microliters of the ligation product [1] by heat shock at 42 degrees Celsius for 45 seconds [2] and spread on an agar plate containing 100 micrograms per milliliter ampicillin [3].
2.8.1. Talent adding ligation product into a competent Escherichia coli cell culture.
2.8.2. Talent placing the tube in a water bath.
2.8.3. Talent spreading the cell suspension on an agar plate.

2.9. Confirm transformed colonies by colony polymerase chain reaction or PCR (P-C-R) using the PCR master mix. Pick the colony [1] and mix it with 5 microliters of master mix, 0.1 microliters of universal primer, 0.1 microliter of sgRNA reverse primer, and 5 microliters of water [2].
2.9.1. Talent picking the colony from the plate.
2.9.2. Talent mixing the bacterial colony with PCR master mix reagents into a tube.

2.10. Run the PCR using initial denaturation at 94 degrees Celsius for 2 minutes followed by 35 cycles of denaturation at 94 degrees Celsius for 20 seconds, annealing for 30 seconds at 60 degrees Celsius, extension at 72 degrees Celsius for 30 seconds, and a final elongation step at 72 degrees Celsius for 5 minutes [1].
2.10.1. Talent setting the PCR conditions with a monitor/screen visible in the frame. 

2.11. After PCR, resolve the DNA using agarose gel electrophoresis in 0.5x (0.5-X) TAE (T-A-E) buffer at 90 Volts for 30 minutes [1]. Submit positive samples for Sanger sequencing [2] using universal primer [3]. Next, purify the plasmid from a positive clone using a plasmid purification kit following the manufacturer’s instructions [4]. 
2.11.1. Talent loading the sample on agarose gel with the entire electrophoresis assembly visible in the frame.
2.11.2. Talent eluting positive samples from the gel. This shot was not filmed - We send purified plasmid to SANGER sequencing. The gel is barely to confirm that the sequence was inserted.
2.11.3. LAB MEDIA: Table 1 and Supplemental File 1
2.11.4. Talent setting up the plasmid purification reaction step with the plasmid purification kit visible in the frame. 

3. In Vivo Injection of Adeno-Associated Virus (AAV) into the Inguinal White Adipose Tissue (iWAT)
3.1. Place the anesthetized mouse in the supine position [1-TXT] and shave a small area on the flanks, proximal to the hip joints, for inguinal white adipose tissue or iWAT (eye-wat) injections with a shaver [2]. Apply depilatory cream for 5 minutes. Remove residual cream with water to avoid skin burns [3].
3.1.1. WIDE: Talent placing the anesthetized mouse in the supine position. TXT: Anesthesia: Intraperitoneal injection of 100 mg/kg ketamine and 10 mg/kg xylazine
3.1.2. Talent shaving a small area on the flanks, proximal to the hip joints. 
3.1.3. Talent applying depilatory cream.

3.2. Disinfect the skin using three alternating rounds of applying the povidone-iodine solution on the skin with a clean gauze and 70% alcohol [1]. 
3.2.1. Talent disinfecting the skin.

3.3. Then, make a 1–2 centimeter incision with sterilized scissors in the proximal area of ​​the joints [1], and hold the skin open using forceps to expose the fat depot. The WAT (wat) can be attached to the skin on both sides, extending from the beginning on the back and toward the testis [2]. Videographer: Important step!
3.3.1. Talent making an incision in the proximal area of the joints.
3.3.2. Shot of exposed fat depot.

3.4. Using forceps, gently pull the fat depot upward through the incision to ensure the injection is at the correct location and depth [1]. Fill the microliter syringe with 2.5 microliters of the adeno-associated virus or AAV (A-A-V) containing the sgRNA targeting the endogenous Prdm16 gene [2]. Videographer: Important step!
3.4.1. Talent pulling the fat depot upward.
3.4.2. Talent filling the syringe with AAV.

3.5. Carefully insert the needle at a 30 to 45-degree angle into the iWAT. Repeat the injection five times into different locations of the tissue to homogeneously infect the whole iWAT fat pad [1]. 
3.5.1. Talent inserting the needle into the iWAT. Videographer: Important step!

3.6. Once done, close the shaved skin incision using 4/0 (four-oh) monofilament sutures [1]. Place the mouse on a heating pad until consciousness is regained. Monitor the animal every 10 to 15 minutes until it fully recovers [2]. After the animal regains consciousness, observe the locomotor profiling, which should be linear and have no signs of distress or pain [3].
3.6.1. Talent closing the skin incision. Videographer: Important step!
3.6.2. Talent placing the mouse on a heating pad.
3.6.3. Shot of recovered mouse/Talent observing locomotor profiling of mouse. 


4. In Vitro Differentiation of Stromal Vascular Cells (SVFs) into Beige Adipocytes
4.1. Seed the stromal vascular cells or SVFs (S-V-Fees) derived from AdipoSPH (adipo-S-P-H) mouse iWAT into a 6-well plate containing complete DMEM (D-M-E-M) medium for 1 to 2 hours [1-TXT]. 
4.1.1. WIDE: Talent seeding stromal vascular cells into DMEM medium in a 6-well plate. DMEM: 3.1 g/L glucose, 0.5 g/L L-alanyl-L-glutamine, 10% FBS, and 2.5% P/S

4.2. Aspirate the medium [1], wash the well twice using PBS [2], and replace it with fresh complete medium [3]. Incubate the cells at 37 degrees Celsius, 5% carbon dioxide, and 95% humidity until the cells reach 70 to 80% confluency [4].
4.2.1. Medium being aspirated.
4.2.2. Wells being washed with PBS.
4.2.3. Talent adding fresh DMEM into the plate.
4.2.4. Talent placing the plate in an incubator.

4.3. At day zero, induce differentiation by treating the cells with the induction medium [1-TXT]. After 2 days, replace the induction medium with the maintenance medium [2]. Again after 2 days (at day 4), replace the maintenance medium with a fresh maintenance medium for 2 to 3 days [3]. 
4.3.1. Talent treating the cells with the induction medium. TXT: See text for Table 2 for medium composition 
4.3.2. Talent adding maintenance medium into the plate.
4.3.3. Talent adding fresh maintenance medium into the plate.

4.4. Change the maintenance medium every 48 hours until the preadipocytes are fully differentiated into adipocytes. Observe the mature adipocytes using light microscopy, as the differentiated cells appear to be loaded with lipid droplets [1].
4.4.1. Talent changing the medium/placing the cells under light microscope stage. 

5. In Vitro AAV Infection of SVFs

5.1. After growing the cells on a 6-well culture plate with the complete medium until the cells reach 70 to 80% confluency [1], mix 5.6 × 1010 viral genome per microliter of AAV-carrying sgRNA-Prdm16 with 2 milliliters of complete medium and hexadimethrine bromide [2].
5.1.1. Talent removing the plate from the incubator. 
5.1.2. Talent mixing VG carrying sgRNA-Prdm16 with complete medium and hexadimethrine bromide.

5.2. Transduce the cells by replacing the complete medium and adding the complete medium containing AAV [1]. Incubate the transduced cells for 12 hours at 37 degrees Celsius, 95% humidity, and 5% carbon dioxide [2]. Split and seed the cells as described for cell proliferation and differentiation into beige adipocytes [3].
5.2.1. Talent adding complete medium containing AAV into the plate.
5.2.2. Talent placing the plate in an incubator.
5.2.3. Talent seeding the cells for differentiation.




Results
6. Results: SPH-Induced Expression of Endogenous Prdm16 for Enhanced Oxygen Consumption
6.1. The immunofluorescence images of iWAT from AdipoSPH mice [1] demonstrated the expression of dCas9 (d-cas-nine) in both the control [2] and Prdm16 groups [3]. SPH-induced Prdm16 expression clearly induced a widespread accumulation of multilocular beige adipocytes into iWAT [4].
6.1.1. LAB MEDIA: Figure 1B
6.1.2. LAB MEDIA: Figure 1B Video Editor: Please emphasize images from the CTR column
6.1.3. LAB MEDIA: Figure 1B Video Editor: Please emphasize images from the PRDM16 column
6.1.4. LAB MEDIA: Figure 1B Video Editor: Please emphasize the iWAT image (purple color) from the PRDM16 column

6.2. Moreover, quantitative PCR [1] revealed an increased expression of Prdm16 [2] and the thermogenic gene program in the Prdm16 group [3] compared to the control [4].
6.2.1. LAB MEDIA: Figure 1C 
6.2.2. LAB MEDIA: Figure 1C Video Editor: Please emphasize the red bar from Prdm16
6.2.3. LAB MEDIA: Figure 1C Video Editor: Please emphasize red bars from Ucp1, Cox8b, Ppargc1a, and Cidea
6.2.4. LAB MEDIA: Figure 1C Video Editor: Please emphasize gray bars from Prdm16, Ucp1, Cox8b, Ppargc1a, and Cidea

6.3. Gene expression analysis [1] confirmed the increased expression of the endogenous Prdm16 gene [2] and thermogenic genes in the Prdm16 overexpression group [3] compared to the control [4]. 
6.3.1. LAB MEDIA: Figure 2B
6.3.2. LAB MEDIA: Figure 2B Video Editor: Please emphasize the red bar from Prdm16
6.3.3. LAB MEDIA: Figure 2B Video Editor: Please emphasize red bars from Ucp1, Cox8b, Ppargc1a, and Cidea
6.3.4. LAB MEDIA: Figure 2B Video Editor: Please emphasize gray bars from Prdm16, Ucp1, Cox8b, Ppargc1a, and Cidea

6.4. The SPH-induced Prdm16 expression resulted in higher basal and maximal oxygen consumption [1] than that in control cells [2]. Importantly, the data indicated [3] enhanced uncoupled respiration in the Prdm16 group [4] compared with that in the control group [5].
6.4.1. LAB MEDIA: Figure 2C Video Editor: Please emphasize the red (PRDM 16) line
6.4.2. LAB MEDIA: Figure 2C Video Editor: Please emphasize the grey (CTR) line
6.4.3. LAB MEDIA: Table 3
6.4.4. LAB MEDIA: Table 3 Video Editor: Please emphasize the PRDM16 column
6.4.5. LAB MEDIA: Table 3 Video Editor: Please emphasize the CTR column



Conclusion
7. [bookmark: _Hlk27388131]Conclusion Interview Statements

7.1. Carlos Sponton: AdipoSPH model is suitable for investigating multiple genes and regulatory elements within adipocytes. This method opens up the possibility of a deeper understanding of beige fat biology.

7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B roll: 5.2.1 and 5.2.3
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