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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N
2. Does your protocol include software usage? N
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
This procedure is relatively simple and straightforward. It is important to block the free cysteine residues with iodoacetamide (step 1) to prevent disulfide linkages to occur during the extraction procedure however the technical aspect is not difficult to perform. 
5. Will the filming need to take place in multiple locations? N


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

1. REQUIRED Interview Statements: (Said by you on camera)  

1.1. Shawna M. Rotoli: It has been well established that the structures of many proteins are stabilized through covalent disulfide linkages. Recently, this bond has been classified as a post-translational modification. Thus, it is important to be able to identify cysteine-stabilized multimeric complexes in living cells using a method that is quick and simple [1]. 
 
1.1.1. INTERVIEW

1.2. Shawna M. Rotoli: The main advantage of this technique is that the results can be obtained and interpreted quickly, easily, and with minimal costs [1]. 

1.2.1. INTERVIEW


Section - Protocol
2. Harvesting Cells after Blocking Free Cysteine Residues using Iodoacetamid 
2.1. To begin, grow U-2 OS (pronounced: “u·two·​o·s”) cells in a 6 cm2 dish in minimum essential medium high glucose …supplemented with 10% FBS and 1% sodium pyruvate [1] at 37 °C in 5 percent carbon dioxide [3].
2.1.1. MED: Talent does few actions to grow the cells. 
2.1.2. MED: Talent transfers the dish to an incubator.
2.2. Make a fresh stock of 10 millimolar iodoacetamide just prior to use [1-TXT]. After cells reach 50 to 60 percent conﬂuency, add 0.1 millimolar final concentration iodoacetamide (pronounced: “ī-ō′dō-ă-sē′tă-mīd”) directly to the cell culture media [2]. Gently rock the dish at room temperature for 2 minutes [3].
2.2.1. MED: Talent does few actions to make iodoacetamide. TEXT: Discard any unused reagent
2.2.2. CU: Talent adds iodoacetamide to the cell culture media. 
2.2.3. MED: Talent places the cell dish on a rocker. Show a timer set to count down from 2 minutes in the shot. 
2.3. Next, aspirate the media from the cells [1], and wash the cells with 5 milliliters of cold PBS three times [2]. Aspirate the final PBS wash solution and add 1 milliliter of the cold PBS [3].
2.3.1. MED: Talent aspirates the media from the dish.
2.3.2. MED: Talent washes the cells with PBS (placed on an ice bucket) once.
2.3.3. MED: Talent aspirates PBS and adds 1 ml of PBS (placed on an ice bucket).
2.4. Scrape the cells off the bottom of the dish using a cell scraper [1]. Using a 1 milliliter pipette draw up the PBS and the cell suspension and dispense all the liquid into a 1.5-milliliter microcentrifuge tube [2]. 
2.4.1. CU: Talent scrapes the cells off the bottom of the dish.
2.4.2. CU: Talent draws up the PBS and the cell suspension and adds them to a 1.5 ml tube.
2.5. Spin the cells at 7,500 x g at 4 °C for three minutes [1]. Aspirate the PBS, leaving the cell pellet behind [2]. The cell pellet can be stored at -80 °C until processing [3].
2.5.1. MED: Talent closes the centrifuge lid and presses the start button. Videographer: Please obtain multiple takes, this is repeated.
2.5.2. ECU: Talent aspirates the PBS. Videographer: Please show the cell pellet if it is possible.
2.5.3. MED: Talent transfers the pellet to a -80 °C freezer.
3. Extraction of Protein and Sample Preparation
3.1. To extract the protein, prepare 100 microliters of a 1x lysis buffer diluted in double-distilled water [1]. Add PMSF immediately before use to a 1 millimolar final concentration [2].
3.1.1. MED: Talent does few actions to make the 1x lysis buffer.
3.1.2. MED: Talent adds PMSF to the 1x lysis buffer. TEXT: PMSF: Phenylmethylsulfonyl fluoride
3.2. Then, add 50 microliters of the 1x lysis buffer directly to the cell pellet and suspend. Incubate the extract on ice for 5 minutes [1].
3.2.1. MED: Talent adds the buffer to the cell pellet and pipettes up and down few times. Then, places the tube on ice. Show a timer set to count down from 5 minutes in the shot. 
3.3. Sonicate for 8 seconds using the constant pulse mode at 40 percent, keeping the extract on ice [1-TXT].
3.3.1. MED: Talent sonicates the lysate. TEXT: See Table of Materials for sonicator
3.4. Spin the extract at 4 °C at 16,000 x g for 5 minutes [1-TXT]. Perform Bradford analysis to determine the protein concentration if desired [2].
3.4.1. Reuse 2.5.1. TEXT: The supernatant is the soluble protein fraction
3.4.2. MED: Talent does few actions to perform Bradford assay.
3.5. To prepare the sample, take 10 microliters of the soluble protein extract and add 10 microliters of a 1x Laemmli (pronounced: “Lemli”) SDS-sample buffer [1-TXT]. Keep the samples on ice [2-TXT]. Heat the sample at 85 °C for 5 minutes before running the gel [3].
3.5.1. MED: Talent takes 10 microliters of the extract and adds 10 microliters of the buffer.  TEXT: 4% SDS, 20% glycerol, 0.004% bromophenol blue, and 0.125 M Tris-HCl, pH 6.8. Video editor: Please show text overlay when VO says, “1x Laemmli SDS-sample buffer”. TEXT: Do not add any reducing agents!
3.5.2. MED: Talent places the samples on ice. TEXT: For long term storage, -20 °C is appropriate
3.5.3. MED: Talent heats the sample at 85 °C. Show a timer set to count down from 5 minutes in the shot. 
4. In vivo Formaldehyde Cross-linking of Endogenous Proteins in U-2 OS Cells
4.1. To begin the formaldehyde cross-linking, grow U-2 OS cells in a 175 cm2 flask to 70 to 80 percent conﬂuency [1].
4.1.1. MED: Talent does few actions to grow the cells. 
4.2. In a fume hood, add the formaldehyde fixative directly to the medium to a ﬁnal concentration of 1 percent and incubate at room temperature with gentle agitation for 15 minutes [1-TXT] [2].
4.2.1. MED: In a fume hood, talent adds the formaldehyde fixative to the medium. TEXT: Aliquot the commercial 37% formaldehyde solution under the hood
4.2.2. MED: Talent places the medium on a shaker under the hood. Show a timer set to count down from 15 minutes in the shot. 
4.3. To quench the reaction, add 1.25 molar glycine to a final concentration of 0.125 molar [1] and incubate at room temperature with gentle agitation on a rocker for 5 minutes [2]. 
4.3.1. MED: Talent adds glycine.
4.3.2. MED: Talent places the tube flask on a shaker. Show a timer set to count down from 5 minutes in the shot. 
4.4. Wash the cells with 5 milliliters of cold PBS three times [1]. Aspirate the final PBS wash solution and add 10 milliliters of PBS [2]. Scrape the cells off the bottom of the flask using a cell scraper [3].
4.4.1. MED: Talent washes the cells with PBS once.
4.4.2. MED: Talent aspirates the PBS and adds 20 ml PBS.
4.4.3. CU: Talent scrapes the cells off the bottom of the flask.
4.5. Using a 10-milliliter pipette, draw up the PBS and the cell suspension and dispense all of the liquid into a 15-milliliter conical centrifuge tube [1]. Spin the cells at 500 x g at 4 °C for 2 minutes [2]. Aspirate the PBS, leaving the cell pellet behind [3]. 
4.5.1. MED: Talent draws up the PBS and the cell suspension and adds it to a 15-ml tube.
4.5.2. Reuse 2.5.1.
4.5.3. CU: Talent aspirates the PBS. Videographer: Please show the pellet if it is possible.
5. Fractionation of Nuclei
5.1. Prepare 10 milliliters of the homogenization buffer by adding 0.25 molar sucrose, 1 millimolar EDTA, 10 millimolar HEPES, and 0.5 percent BSA at pH 7.4 [1]. Immediately before use, add PMSF to a 1 millimolar final concentration and 3 milliliters of the nuclei suspension buffer [2-TXT].
5.1.1. MED: Talent adds the reagents.
5.1.2. MED: Talent adds PMSF and the nuclei suspension buffer. TEXT: 0.1% Triton X-100 in PBS Video editor: Please show text overlay when VO says, “nuclei suspension buffer”.
5.2. Add 5 milliliters of the homogenization buffer directly to the cell pellet and suspend completely [1]. Centrifuge the suspension at 500 x g at 4 °C for 2 minutes [2].
5.2.1. MED: Talent adds the homogenization buffer and pipettes up and down few times. 
5.2.2. Reuse 2.5.1.
5.3. After centrifugation, discard the supernatant, and suspend the pellet in 5 milliliters of the homogenization buffer [1]. Then, with a tight-fitting glass-Teflon homogenizer, dounce homogenize cells at 10 strokes per 500 rpm [2] and centrifuge the suspension at 1,500 x g at 4 °C for 10 minutes [3].
5.3.1. MED: Talent pipettes off the supernatant and adds 5 ml of the buffer.
5.3.2. CU: Talent applies few strokes with the tight pestle.
5.3.3. Reuse 2.5.1. 
5.4. After centrifugation, discard the supernatant [1-TXT]. Suspend the pellet in 1 milliliter of the nuclei suspension buffer and incubate on ice for 10 minutes [2]. After the incubation, centrifuge at 600 x g for 10 minutes [3]. 
5.4.1. MED: Talents pipettes off the supernatant. TEXT: To isolate the mitochondria, centrifuge the supernatant at 10,000 x g for 10 min
5.4.2. CU: Talent adds the buffer and pipettes up and down few times and places the tube on ice.
5.4.3. Reuse 2.5.1. 
5.5. After the centrifugation, discard the supernatant, suspend the pellet in 1 milliliter of the nuclei suspension buffer [1], and centrifuge again [2]. The final pellet will be the isolated nuclei [3].
5.5.1. CU: Talent adds the buffer and pipettes up and down few times.
5.5.2. Reuse 2.5.1.
5.5.3. ECU: Show the pellet. 
6. Extraction of Protein and Sample Preparation
6.1. Extract the proteins as described before except adding 25 microliters of the 1x lysis buffer directly to the cell pellet [1]. 
6.1.1. MED: Talent adds the buffer to the cell pellet and pipettes up and down few times. Then, places the tube on ice. 
6.2. Then, prepare two samples for SDS-PAGE by taking 10 microliters each of the soluble protein extract and add 10 microliters of 2x Laemmli SDS-sample buffer and 1 microliter of BME [1-TXT]. 
6.2.1. MED: Talent adds the soluble protein extract, buffer and BME to two tubes. TEXT: BME: 2-Mercaptoethanol
6.3. Heat one sample at 37 °C for 5 minutes and the second sample at 98 °C for 15 minutes to reverse the formaldehyde cross link [1].
6.3.1. MED: Talent transfers one of the tubes to an incubator heat block. Show a timer set to count down from 5 minutes in the shot. 
6.3.2. MED: Talent places the other tube on a heat block. Show a timer set to count down from 15 minutes in the shot. 
7. SDS-PAGE Analysis
7.1. Prepare 1 liter of 1x Tris-glycine running buffer by mixing 25 millimolar Tris, 192 millimolar glycine and 0.1 percent weight per volume percentage SD [1].
7.1.1. [bookmark: _GoBack]MED: Talent does few actions to prepare the running buffer. 
7.2. Then, set up the SDS-PAGE running apparatus [1]. Open the 16 percent precast TGX SDS-PAGE package as the manufacturer’s protocol and remove the cassette [2-TXT]. 
7.2.1. CU: Talent sets up the SDS-PAGE running apparatus. 
7.2.2. MED: Talent opens the gel package and removes the cassette. TEXT: Any percentage gel can be used
7.3. Remove the comb that is lining the wells and the tape from the bottom of the cassette [1] and place the gel into the running apparatus [2].
7.3.1. CU: Talent removes the comb and the tape.
7.3.2. MED: Talent places the gel into the running apparatus.
7.4. Fill the chamber with the 1x running buffer until the wells are submerged in liquid [1]. Using a plastic pipette, rinse out the wells with the running buffer [2]. 
7.4.1. CU: Talent fills the chamber with the running buffer.
7.4.2. CU: Talent rinses out the wells with the running buffer.
7.5. Load the samples on the gel along with 10 microliters of the prestained standard marker [1]. 
7.5.1. ECU: Talent loads few samples and the marker.
7.6. Finally, run the gel at 200 V until the dye front is approximately 1 cm from the bottom of the gel [1]. 
7.6.1. MED: Talent presses the run button to start the electrophoresis. 




Section – Results
8. Results: Analyzing Multimeric Complexes using a Two-step Method of Non-reducing SDS-PAGE Analysis and Formaldehyde Cross-linking 
8.1. A western blot analysis of total cell extracts in the absence of the BME reducing agent, demonstrated a multimeric complex formation in different human cell populations [1]. The complex disappeared with the addition of BME in all four cell lines examined, indicating the presence of a disulfide linkage [2].
8.1.1. LM: Figure 1A. Video editor: Please emphasize the black box. 
8.1.2. LM: Figure 1B.
8.2. The monomeric confirmation of dUTPase (pronounced: “d·u·t·p·ase”) in human cells at the time of harvesting is a combination of at least three of the isoforms of dUTPase, the mitochondria isoform, the nuclear isoform, and a truncated version notated at M24 [1].	
8.2.1. LM: Figure 1A, B_lower panels. Video editor: Please emphasize “m.Dut” when VO says :” the mitochondria isoform”, “n.Dut” when VO says: “the nuclear isoform”, and “M24.Dut” when VO says: “and a truncated version notated at M24”. 
8.3. The mitochondrial isoform used as a control, did not form a disulfide linkage [1] and migrated to the predicted molecular weight for the monomeric protein [2].
8.3.1. LM: Figure 1C_left panel (-BME). Video editor: Please emphasize the band between 34-42 kDa of the 2nd lane “Mito”. 
8.3.2. LM: Figure 1_ lower panel_left (-BME). Video editor: Please emphasize the band the 2nd lane “Mito”. 
8.4. Formaldehyde cross-linking of nuclear dUTPase demonstrated multimeric complex formation [1]. When the cross-link was reversed by incubating the sample at 95 °C for 15 minutes, the complex was destabilized and could be visualized in its monomeric state [2].
8.4.1. LM: Figure 2_1st lanes.
8.4.2. LM: Figure 2_2nd lanes.



Section - Conclusion
9. Conclusion Interview Statements: (Said by you on camera) 
9.1. Shawna M. Rotoli: Adding iodoacetamide is an important step in this procedure to block free cysteine residues and to ensure the disulfide linkages are not a consequence of the extraction procedure [1].
9.1.1. INTERVIEW
9.1.2. Reuse 2.2.2
9.2. Shawna M. Rotoli: It is important to remember not to add reducing agents such as BME or DTT to your SDS-Page samples as these will reduce any disulfide linkages present in your sample [1]. 
9.2.1. INTERVIEW
9.2.2. Reuse 3.5.1.
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