[image: ]FINAL SCRIPT: APPROVED FOR FILMING


Submission ID #:  61018		
Scriptwriter Name: Susan
Project Page Link: http://www.jove.com/files_upload.php?src=18610538

Title:   Acyl-PEGyl Exchange Gel Shift Assay for Quantitative Determination of Palmitoylation of Brain Membrane Proteins

Authors and Affiliations: 
[bookmark: _Hlk24110436]David J. Speca1, Elva Dίaz1

1Department of Pharmacology, UC Davis School of Medicine, Davis, CA, USA


Corresponding Author: 
[bookmark: _Hlk25233958]Elva Dίaz		(ediaz@ucdavis.edu)

Email Addresses for Co-authors: 
David J. Speca		(djspeca@ucdavis.edu)


Author Questionnaire 

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


Introduction

1. Introductory Interview Statements

[bookmark: _Hlk28591455][bookmark: _Hlk28954045]Videographer: Interviewee headshots are required. Take a headshot for each interviewee. 

[bookmark: _Hlk28591522]Authors: While filming the interview portion, our videographer will also photograph you for the JoVE Dedicated Author Webpage. Please look at this example. For questions about the author profile pages and pictures, please contact author.liaison@jove.com.

1.1. Elva Diaz: This biochemical method allows for the determination of the palmitoylation state of any membrane protein expressed in the brain for which a suitable antibody is available [1].
1.1.1. [bookmark: _Hlk25067257]INTERVIEW: Named author says the statement above in an interview-style statement while looking slightly off-camera.
1.2. Elva Diaz: The main advantage of this technique is that does not require affinity purification and instead utilizes changes in gel mobility to determine the number of modifications for a protein of interest [1]. 
1.2.1. INTERVIEW: Named author says the statement above in an interview-style statement while looking slightly off-camera.

Ethics Title Card
1.3. All animal procedures followed guidelines set forth by the National Institutes of Health (NIH) and have been approved by the Institutional Animal Care and Use Committee at the University of California, Davis.

Protocol
2. Preparation of Mouse Brain Membranes
2.1. [bookmark: _Hlk24118986]After dissecting out the brain, homogenize it immediately in 10 milliliters of homogenization buffer in a glass homogenizer on ice, using approximately 12 strokes [1]. Centrifuge the lysates for 15 minutes at 1,400 times g and 4 degrees Celsius [2].
2.1.1. Talent homogenizes brain. Videographer: This is one of the most important steps for viewers to see.
2.1.2. Talent places two tubes of lysate in centrifuge.
2.2. [bookmark: _Hlk24119234]Transfer the supernatant to a new tube on ice [1]. Resuspend the pellet in 10 milliliters of homogenization buffer [2A]. Homogenize it using approximately 6 strokes [2B]. Centrifuge the suspension for at 710 times g and 4 degrees Celsius for 10 minutes [3].
2.2.1. Talent transfers the supernatant to a new tube on ice.
2.2.2. A: Talent resuspends pellet; 
2.2.2.B: [Added Shot]: Talent homogenizes pellet on ice.
2.2.3. Talent centrifuges suspension.
2.3. Combine the supernatants [1A], and centrifuge them at 40,000 times g and 4 degrees Celsius for 20 minutes [1B].
2.3.1. A: Talent combines supernatants and places tube in centrifuge
2.3.1.B: [Added Shot]: Talent places tube in centrifuge.
2.4. Discard the supernatant [1], and resuspend the pelleted membrane fraction in homogenization buffer by breaking up the pellet with the pipette tip and pipetting up and down [2-TXT].
2.4.1. Talent discards supernatant and resuspends pellet.
2.4.2. Talent resuspends pellet. TEXT: NOTE: Samples can be flash frozen and stored at -80 °C for later use. Videographer: This is one of the most important steps for viewers to see.
2.5. Perform a BCA assay to quantitate protein levels [1]. 
2.5.1. Talent begins BCA assay.
2.6. To perform the APEGS (pronounce A-PEGS) assay, place approximately 100 to 200 milligrams of protein in 470 microliters of buffer A in a 1.5-milliliter tube [1]. Sonicate the tube [2A], and then separate the insoluble protein by centrifuging the tube at 25 degrees Celsius and a minimum of 13,000 times g for 10 minutes [2B]. Transfer the solubilized protein to a new 1.5-milliliter tube [3]. 
2.6.1. Talent transfers protein and buffer to a 1.5 milliliter tube.
2.6.2. A: Talent sonicates tube and then places tube in centrifuge
2.6.2.B: [Added Shot]: Talent places tube in centrifuge.
2.6.3. Talent transfer solubilized protein to a new tube.
3. Acyl-PEGyl Exchange Gel-Shift (APEGS) Assay
3.1. [bookmark: _Hlk24368508]First, disrupt the disulfide bonds by incubating the solubilized protein in 25 microliters of TCEP for 60 min at 55 degrees Celsius [1].
3.1.1. Talent adds 25 microliters of TCEP to solubilized protein and places it in incubator.
3.2. Then, block free cysteines by incubating the solution with 12.5 microliters of the stock solution of NEM for 3 hours at room temperature [1-TXT]. 
3.2.1. Talent adds 12.5 microliters of NEM and places solution in incubator. TEXT: NOTE: The reaction can be extended overnight.
3.3. Next, begin the process of chloroform methanol (CM) precipitation. Transfer the protein solution from the 1.5-milliliter tube to a polypropylene or glass tube that can be centrifuged in a swinging bucket rotor at modest speed [1]. Add 2 milliliters of methanol and vortex briefly [2].
3.3.1. Talent transfers protein solution to a polypropylene or glass tube.
3.3.2. Talent adds methanol and vortexes.
3.4. Add 1 milliliter of chloroform, and vortex briefly [1]. Then, add 1.5 milliliters of deionized water, and vortex briefly again [2]. Videographer: This is one of the most important steps for viewers to see.
3.4.1. Talent adds chloroform and vortexes.
3.4.2. Talent adds deionized water and vortexes.
3.5. Centrifuge the samples at 3,000 times g and 25 degrees Celsius for 30 minutes, in a swinging bucket rotor [1].
3.5.1. Talent centrifuges samples. 
3.6. Carefully remove and discard the upper phase of the solution in the tube [1].
3.6.1. Talent removes and discards upper phase. Videographer: This is one of the most important steps for viewers to see, and one of the most difficult to perform.
3.7. Add 1.5 milliliters of methanol.  Mix gently but thoroughly, by gentle inversion of the tube, being careful not to fragment the opaque protein pancake [1]. Centrifuge the sample at 3,000 times g and 25 degrees Celsius, for 10 minutes in a swinging bucket rotor [2].
3.7.1. Talent adds MeOH and mixes gently. Videographer: This is one of the most important steps for viewers to see, and one of the most difficult to perform.
3.7.2. Talent centrifuges sample.
3.8. Using a glass serological pipet, remove as much of the top phase of the solution as possible without disturbing the protein pancake [1]. Carefully rinse the pellet with 1 milliliter of methanol and allow it to air dry for at least 10 minutes [2-TXT]. Videographer: This is one of the most important steps for viewers to see.
3.8.1. Talent uses glass pipette to remove top phase.
3.8.2. Talent rinses pellet with MeOH. TEXT: NOTE: Dried pellet can be stored at -20 °C.
3.9. With the chloroform methanol precipitation complete, begin the cleavage of the palmitoyl-thioester linkages by resuspending the protein precipitate in 125 microliters of buffer A [1A]. Transfer to a new 1.5 milliliter tube [1B]. Sonicate the tube briefly [2A], and then centrifuge it at 13,000 times g or higher and 25 degrees Celsius for 10 minutes, to remove insoluble material [2B].
3.9.1. A: Talent resuspends the protein precipitate
3.9.1.B: [Added Shot]: Talent transfers to a new tube.
3.9.2. A: Talent sonicates the tube
3.9.2.B:  [Added Shot]: Talent centrifuges the tube.
3.10. Transfer the solubilized protein to new 1.5-milliliter tubes and add 375 microliters of buffer H or buffer T [1]. After incubating the samples for 60 minutes at room temperature [2], repeat the chloroform methanol precipitation [3]. 
3.10.1. Talent transfers solubilized protein to new tubes and adds buffer.
3.10.2. Talent incubates samples at room temperature
3.10.3. [Added Shot]: Talent begins to repeat the CM precipitation by transferring sample to a new polypropylene tube.
3.11. To add mPEG (pronounce em-peg) to unprotected cysteines, begin by resuspending the pellet in 100 microliters of buffer A containing 10 millimolar TCEP [1]. Then, transfer the suspension to a 1.5-milliliter tube [2]. Add 25 microliters of stock mPEG-5k solution, and mix by pipetting [3]. Incubate at room temperature with end-over-end rotation [4].
3.11.1. Talent resuspends pellet in buffer A. Re-use shot 3.9.1.A
3.11.2. Talent transfers suspension to another tube. Re-use shot 3.9.1.B
3.11.3. Talent adds mPEG-5k, and mixes by pipetting.
3.11.4. Talent places tube in incubator and begins rotation.
3.12. After 60 minutes of incubation, remove unincorporated mPEG-5k by performing chloroform methanol precipitation again [1-TXT]. Centrifuge at greater than 13,000 times g and 25 degrees Celsius for 10 minutes [2].
3.12.1. Talent removes tube from incubator and begins first steps of CM precipitation. TEXT: Use adjusted volumes: 4 volumes of MeOH (500 µL); 2 volumes of chloroform (250 µL); 3 volumes of dH2O (375 µL) 
3.12.2. [bookmark: _Ref29986146]Talent places tube in centrifuge, adjusts settings, and starts centrifuge. Videographer: Please obtain multiple reusable takes.
3.13. Carefully remove the upper phase as before, avoiding the thick, flocculent pancake [1]. Add 1 milliliter of methanol and mix gently but thoroughly [2]. Centrifuge at greater than 13,000 times g and 25 degrees Celsius for 10 minutes [3]. 
3.13.1. Talent removes upper phase.
3.13.2. Talent adds methanol and mixes.
3.13.3. Talent places tube in centrifuge, adjusts settings, and starts centrifuge. Videographer: Reuse footage from 3.12.2.
3.14. Carefully remove the supernatant [1A], and rinse the pellet with 1 milliliter of methanol [1B]. Again, centrifuge at greater than 13,000 times g and 25 degrees Celsius for 10 minutes [2]. 
3.14.1. A: Talent removes supernatant
3.14.2. [Added Shot]:  Talent rinses pellet with methanol.
3.14.3. Talent places tube in centrifuge, adjusts settings, and starts centrifuge. Videographer: Reuse footage from 3.12.2.
3.15. After air drying the pellet, resuspend it in 50 microliters of buffer A, without TCEP or any reducing agent [1]. Reserve 5 microliters of the solution for BCA protein quantitation [2]. After quantitation, add an appropriate amount of 4x Laemmli sample buffer [3]. 
3.15.1. Talent resuspends the pellet in buffer A.
3.15.2. Talent reserves 5 microliters of solution.
3.15.3. Talent adds Laemmli sample buffer.
4. Western Blot Analysis of PEGylated Proteins
4.1. Load the sample onto a sodium dodecyl sulfate polyacrylamide gel electrophoresis gel [1-TXT]. 
4.1.1. Talent loads sample onto gel. TEXT: NOTE: In this protocol, 10% polyacrylamide was used.
4.2. Use standard separation, transfer, and detection protocols for Western blotting [1].
4.2.1. Talent begins Western blot procedure.

[bookmark: _GoBack]Results
5. Results: Palmitoylation of SynDIG Proteins
5.1. To investigate the palmitoylation state of SynDIG (pronounce sin-dig) proteins, P2 membrane fractions from homogenized mouse brains were subjected to the APEGs assay. Separation and probing with antibodies demonstrated that SynDIG1, SynDIG4/Prrt1 (pronounce p-r-r-t-1), and Prrt2 are palmitoylated in the mouse brain [1-TXT].
5.1.1. LAB MEDIA: Figure 1. TEXT: • palmitoylated;  * palmitoylated singly; ** palmitoylated doubly


Conclusion
6. [bookmark: _Hlk27388131]Conclusion Interview Statements
6.1. Elva Diaz: The purpose of the chloroform-methanol precipitation is to prevent one chemical, such as NEM, from interfering with the next step of the protocol. A proper chloroform-methanol precipitation will remove undesirable chemicals while minimizing protein loss [1].
6.1.1. INTERVIEW: Named author says the statement above in an interview-style statement while looking slightly off-camera. Video editor: Suggested B-roll: 3.3 through 3.8.

6.2. Elva Diaz: This same method can be performed with brain lysates obtained from mice at different ages or from different brain regions to investigate spatiotemporal regulation of palmitoylation state [1].
6.2.1. INTERVIEW: Named author says the statement above in an interview-style statement while looking slightly off-camera.
-
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