[image: ]FINAL SCRIPT: APPROVED FOR FILMING


Submission ID #:  61905
Scriptwriter Name: Anastasia Gomez
Project Page Link: https://www.jove.com/account/file-uploader?src=18881073

Title:   Limited proteolysis and gel electrophoresis in the presence of metal cations: Au(III)-binding luminescent domain in serum albumins

Authors and Affiliations: 

Jacob M. Dixon1 and Shunji Egusa1

1Department of Physics and Optical Science, Center for Biomedical Engineering & Science, The University of North Carolina, Charlotte, North Carolina


Corresponding Authors: 
[bookmark: _Hlk25233958]
Shunji Egusa (segusa@uncc.edu)

Email Addresses for All Authors: 
Jdixon43@uncc.edu
segusa@uncc.edu



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. Interview statements: Considering the COVID-19-imposed mask-wearing and social distancing recommendations, which interview statement filming option is the most appropriate for your group? Please select one.

☒ 	Author interview statement opt out. Statements removed completely.

4. Filming location: Will the filming need to take place in multiple locations?   No

Current Protocol Length

Number of Steps:  12
Number of Shots:  26

Introduction
Videographer: VO talent will record the introduction and conclusion statements, skip to the protocol.

1. Introductory Statements

1.1. This protocol helps characterizing metal-binding domains in proteins, without the need for X-ray crystallography. The main advantage of this technique is that it allows for the preservation of the protein structures at metal-binding domains, while maintaining compatibility with gel electrophoresis.

1.1.1. 3.2.2, 3.2.3.


1.2. 

Protocol

2. Synthesis of BSA-Au complex fragments
2.1. To begin, dissolve 5 milligrams of BSA in 1 milliliter of HPLC water containing 50 millimolar Tris-HCl (pronounce ‘tris-H-C-L’) and 50 millimolar sodium chloride with a pH of 8.0 in a 5-milliliter vial [1]. Then, dissolve 2 milligrams of trypsin in 1 milliliter of freshly prepared Tris-HCl and sodium chloride in HPLC water [2].
2.1.1. WIDE: Establishing shot of talent adding BSA to the Tris-HCl, NaCl solution.
2.1.2. Talent dissolving trypsin the Tris-HCl, NaCl solution, with the trypsin container in the shot. 
2.2. Place the BSA reaction vial in a 37-degree Celsius water bath [1] and stir vigorously at 750 rpm using a magnetic stirrer [2]. Immediately after stirring begins, add 50 microliters of the freshly prepared trypsin to the solution [3]. Videographer: This step is difficult and important!
2.2.1. Talent placing the BSA solution in the water bath. 
2.2.2. Solution stirring. 
2.2.3. Talent adding trypsin to the vial.
2.3. Dissolve chloroauric acid in 1 milliliter of HPLC grade water to a concentration of 750 micromolar [1]. Then, add the chloroauric acid solution to the BSA for a resulting BSA to gold molar ratio of 1 to 10 [2]. Videographer: This step is difficult and important!
2.3.1. Talent dissolving the chloroauric acid in water, with the chloroauric acid container in the shot.
2.3.2. Talent adding the chloroauric acid to the BSA.
2.4. Stir the mixture for 2 minutes at 37 degrees Celsius and 750 rpm using a magnetic stirrer [1]. Add 100 microliters of 1 molar sodium hydroxide to the reaction vial to achieve a pH of 12.5 [2], then stir the mixture vigorously at 750 rpm for 2 hours at 37 degrees Celsius [3]. Videographer: This step is difficult!
2.4.1. Solution stirring.
2.4.2. Talent adding NaOH to the vial. 
2.4.3. Solution continuing to stir vigorously.
3. [bookmark: _Hlk47708426]Gel electrophoresis of BSA-Au complex fragments by limited proteolysis
3.1. Rinse a pre-cast 4 to 12% gradient Bis-Tris gel using deionized water [1] and place it in a gel electrophoresis tank [2]. Use deionized water to prepare 500 milliliters of MES (pronounce ‘mes’) running buffer from a concentrated stock solution [3].
3.1.1. Talent rinsing the gel. 
3.1.2. Talent placing the gel in the tank.
3.1.3. Talent preparing the MES buffer, with the MES stock container in the shot. 
3.2. Dilute samples to 1 microgram of protein per microliter in 20% glycerol, bringing the pH from 12.5 to approximately 8 [1]. Add 10 microliters of each sample solution to each lane of the gel [2] and run the gel for 1 hour at a constant voltage of 150 Volts [3].
3.2.1. Talent diluting a protein sample. 
3.2.2. Talent loading a sample into a lane. 
3.2.3. Talent starting the gel run.
3.3. After running the gel, remove it from the cast [1] and rinse it 3 times with deionized water for 1 minute per rinse to remove running buffer [2]. Store the gel in 200 milliliters of deionized water and immediately measure the in-gel fluorescence using a gel imaging system [3].
3.3.1. Talent removing the gel from the cast. 
3.3.2. Talent rinsing the gel. 
3.3.3. Talent placing the gel in water. 
3.3.4. Placing gel in gel-imaging system
3.4. Prepare a fresh staining solution containing 200 milligrams of Coomassie Brilliant Blue in 200 milliliters of methanol, acetic acid, and water at a volume ratio of 50 to 10 to 40 [1]. Stain the gel in 200 milliliters of this solution for 30 minutes with gentle rocking [2]. Videographer: This step is important!
3.4.1. Talent preparing the staining solution. 
3.4.2. Talent placing the gel in the staining solution and starting the rocking.
3.5. Prepare a fresh de-staining solution by mixing methanol, acetic acid, and water at a volume ratio of 50 to 10 to 40 [1], then wash the gel in 100 milliliters of this solution for 1 hour with gentle stirring. Repeat this procedure 4 times [2].
3.5.1. Talent preparing the de-staining solution.
3.5.2. Talent placing the gel in the de-staining solution.
3.6. When finished, store the fixed gel in deionized water at room temperature [1].
3.6.1. Talent placing the gel in deionized water.

4. Analysis of BSA-Au complex fragments by limited proteolysis
4.1. Examine the amino acid sequence of BSA and prepare a table of expected fragments that can be obtained by enzymatic digestion. In the case of trypsin digestion, cut locations are the C-terminus of lysine and arginine, except when followed by proline. Account for the small errors in fragment molecular weights [1]. Videographer: This step is important!
4.1.1. Author at the computer compiling a table of expected fragments.  
4.2. Identify locations of surface-exposed cysteine in these expected fragments. Prepare the list of molecular weights observed as gel electrophoresis bands below 66 kilodaltons. Then, reconstruct the list of the observed molecular weights in the gel by sequential additions of the expected BSA fragments [1]. Videographer: This step is important!
4.2.1. Talent at the computer, reconstructing a list of the observed molecular weights in the gel. 

Results
5. Results: Gel-electrophoresis of the tryptic fragments of BSA obtained by the limited proteolysis 
5.1. [bookmark: _Hlk33125991]The observed twelve gel bands were uniquely reconstructed from the five expected BSA fragments. The results were consistent with the literature, in which the secondary structures including alpha-helices and beta-strands are preserved. Bands above the molecular weight of BSA were excluded from further analyses [1].
5.1.1. LAB MEDIA: Figure 1. 
5.2. [bookmark: _Hlk37404428]Smearing of the gel bands was observed in the presence of gold-3, which was attributed to the interaction of the surface-bound gold-3 with the gel matrix. Out of the twelve gel bands of BSA-trypsin, nine bands were observed as BSA-trypsin-gold [1]. 
5.2.1. LAB MEDIA: Figure 2 B. 
5.3. [bookmark: _Hlk33099688][bookmark: _Hlk33126176]Five bands exhibited the in-gel red luminescence [1]. This luminescence band pattern can be explained by the presence of a red luminophore in the tryptic fragment [2].
5.3.1. LAB MEDIA: Figure 2 C. Video Editor: Emphasize 1, 2, 3, 6, 7.
5.3.2. LAB MEDIA: Figure 2 D. 
5.4. Examples of non-optimized gel electrophoresis are shown here to demonstrate the factors affecting the limited tryptic proteolysis and the gel electrophoresis in the presence of metal cations [1-TXT].
5.4.1. LAB MEDIA: Figures 3 – 6. Video Editor: Label Figure 3, “Reaction Time”, Figure 4 “Trypsin Addition”, Figure 5 “Metal Cations”, and Figure 6 “pH”. Either show the figures on the same screen or one after the other.

[bookmark: _Hlk37404287][bookmark: _Hlk47708469]




 


Conclusion
6. [bookmark: _Hlk27388131]Conclusion Statements

6.1. When synthesizing the BSA-gold fragments, keep in mind that trypsin will begin self-digesting in water and must be used immediately [1]. For gel electrophoresis, protein loading of 1 microgram provides the most in-gel luminescence with the least smearing [2].

6.1.1. 2.2.3 
6.1.2. 3.2.1
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