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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
3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. 
2.2.1
2.2.3
2.3.3
2.3.4
2.5.1
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1-2 individual steps using the step numbers listed in this document. 
Ensuring that the protein does not precipitate while in low salt buffer,  The low salt buffer is a necessary part of the protocol to enable the protein to bind to the CEX column and thus some precipitation is unavoidable, so we focus on limiting it by reducing the time of exposure to the low salt condition.  Hence the dilution to the low salt condition only immediately prior to the column load in step 2.3.3.
2.1.3
2.3.3

5. Will the filming need to take place in multiple locations? N
If yes, how far apart are the locations? 


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

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.


1. REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.


1.1. Andy Stephen: Our protocol allows for isolation and separation of properly processed KRAS at high yield. Authentically farnesylated and carboxymethylated KRAS makes it possible to perform experiments that have KRAS at a membrane, just like it occurs in our cells.

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.2. Andy Stephen: The high yield of this protocol sets it apart from previous work. We typically purify 3-5 mg of protein per liter of expression material.  This allows us to conduct a variety of structural biology experiments. 

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


OPTIONAL Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.3. Simon Messing: KRAS is mutated in about 20% of all cancers, and 90% of pancreatic cancer. So, having a protocol to produce authentically processed KRAS allows us to perform drug screens using a protein that is identical to that found in human cancer cells.

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.4. Simon Messing: There are many proteins that are farnesylated and carboxymethylated in cells. This procedure can be adapted to those proteins, you just need to replace KRAS in the baculovirus with your protein of interest.

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.



1.5. Shelley Perkins: The critical steps are those around the cation exchange chromatography.  Using the proper column and limiting the time the protein is in low salt buffer are essential for success.

1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.6. Shelley Perkins: Understanding that the precipitation is not a 'snow globe' type of event helps guide those new to the protocol.  This is reinforced by showing the need to divide the cation exchange column load into multiple, smaller loads.

1.6.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.








Section - Protocol
2. Protein Purification
2.1. After lysing cells, clarifying the lysate, and purifying the target protein by IMAC, analyze the protein fractions using SDS-PAGE (pronounce ‘S-D-S-page’) and Coomassie staining [1]. Pool the peak fractions [2] and dialyze the pool overnight against 2 liters of Buffer D at 4 °C [3]. Videographer: This step is difficult!
2.1.1. WIDE: Establishing shot of talent loading the SDS-PAGE. 
2.1.2. Talent pooling the peak fractions together. 
2.1.3. Dialysis setup. 
2.2. On the next day, remove the sample from dialysis [1] and centrifuge it at 4,000 x g for 10 minutes to remove any precipitate [2]. The final dialyzed and clarified sample is often still hazy but can be applied to the CEX (spell out ‘C-E-X’) column without further processing [3]. Videographer: This step is important!
2.2.1. Talent removing the sample from dialysis. 
2.2.2. Talent putting the sample in the centrifuge, closing the lid, and starting it. 
2.2.3. The sample after centrifugation. 
2.3. Prepare a 20-milliliter cation exchange column by washing it with 3 column volumes of Buffer G [1], then with 3 column volumes of Buffer F [2]. Next, dilute 20 milliliters of the dialyzed sample to a final sodium chloride concentration of 100 millimolar by adding 20 milliliters of Buffer E [3] and apply the sample to the exchange column [4]. Videographer: This step is difficult and important!
2.3.1. Talent washing column with Buffer G. Videographer: Obtain multiple reusable takes of this shot, it will be reused for 2.3.2.
2.3.2. Use 2.3.1.
2.3.3. Talent diluting the sample. 
2.3.4. Talent loading the sample to the exchange column.  

2.4. Shelley Perkins: It is critical to dilute small amounts of the sample, instead of all at once, and the diluted sample should be applied to the column immediately after dilution to limit precipitation of the protein.

2.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

2.5. Continue to load the column with freshly diluted sample as the previous dilution nears the end of the load [1-TXT]. Then, wash the column to baseline absorbance 280 with Buffer F, which typically required 3 column volumes [2]. Videographer: This step is important!

2.5.1. Talent loading the column again. TEXT: Do NOT dilute the entire sample at once 
2.5.2. Talent washing the column with Buffer F. 

2.6. Elute the protein from the column with a 400-milliliter gradient from Buffer F to 65% Buffer G [1], collecting the eluate in 6-milliliter fractions [2]. Once the gradient is complete, continue washing the column for an additional 1.5 column volume of 65% Buffer G [3]. 

2.6.1. Talent eluting the protein from the column. 
2.6.2. 6-milliliter fractions. 
2.6.3. Talent washing the column. 

2.7. Choose the positive fractions based on both SDS-PAGE (pronounce ‘S-D-S-page’) and Coomassie blue stain analysis [1] as well as inspection of the UV trace of the chromatogram [2]. Then, pool the protein and digest it with His6-TEV (pronounce “hiss-six-tev’) protease according to manuscript directions [3]. 

2.7.1. Talent imaging the gel. 
2.7.2. Talent inspecting the UV trace. 
2.7.3. Talent setting up the digestion reaction. 

2.8. After digestion and dialysis, load the protein onto a 20-milliliter IMAC (pronounce ‘I-mac’) column equilibrated with Buffer A at 3 milliliters per minute [1]. Collect 7-milliliter fractions during this chromatography [2] and wash the column with a total of 3 column volumes of Buffer A or until baseline absorbance is reached [3]. 

2.8.1. Talent loading the protein onto the column. 
2.8.2. Talent collecting fractions. 
2.8.3. Absorbance reaching baseline as column is washed.   Videographer comment: T1

2.9. Elute the target protein with a 5-column volume gradient of Buffer C from 0 to 10% and collect 7-milliliter fractions [1], then identify the positive fractions with SDS-PAGE [2]. 

2.9.1. [bookmark: _GoBack]Talent eluting protein. Videographer comment: 2.8.3 T2
2.9.2. SDS-PAGE running. 



 


Section – Results
3. Results: Purification and Analysis of KRAS4b Proteins
3.1. When analyzed with SDS-PAGE, the clarified lysate should contain a dark band that migrates to about 65 kilo Daltons, which corresponds to the fusion protein His6-MBP-tev-KRAS4b (pronounce ‘hiss-6-M-B-P-tev-K-ras-4-B’) [1]. The co-expressed FNTA/B (spell out ‘F-N-T-A-B’) migrates to 48 kilo Daltons [2]. 
3.1.1. LAB MEDIA: Figure 1 A. Video Editor: Emphasize the dark band at 67 kDa (middle of the gel, lanes ~ 10 – 16). 
3.1.2. LAB MEDIA: Figure 1 A. Video Editor: Emphasize the smaller band at 48 kDa.    
3.2. The CEX step within the purification is critical because it reduces the extent of proteolysis and enriches the fully processed protein, but it is the most complicated part of the protocol [1]. A typical result from this step has a prominent peak 3 with the KRAS4b-FMe (pronounce ‘K-ras-4-B-F-M-E’)  [2], but elution profiles can be variable [3]. 
3.2.1. LAB MEDIA: Figure 2 
3.2.2. LAB MEDIA: Figure 2 A. Video Editor: Zoom in on A and emphasize peak 3. 
3.2.3. LAB MEDIA: Figure 2 B.
3.3. Intact mass analysis using ESI-MS confirmed the precise molecular mass of the proteins and thereby the relative proportion of farnesylation or carboxymethylation. While typical final lots contained some detectable KRAS4b-FARN (pronounce ‘K-ras-4-B-farn’), this proportion was less than 15% in terms of peak height from this analysis [1-TXT]. 
3.3.1. LAB MEDIA: Figure 3 A – C. Video Editor: Label A ‘unprocessed KRAS4b 2-185’, label B ‘KRAS4b 2-185-FMe’, and label C ‘KRAS4b 2-185-FARN’.  

3.4. Native mass analysis was used to determine the mass of the KRAS4b bound to GDP. The sample solvent was exchanged for ammonium acetate to ensure a “softer” ionization, allowing the native complex to stay intact [1].

3.4.1. LAB MEDIA: Figure 3 D. 

3.5. The interaction of KRAS4b-FMe and liposomes was measured with Surface Plasmon Resonance to validate that farnesylation and carboxymethylation are required for KRAS4b-FMe to bind to membranes. As expected, KRAS4b-FMe bound to the liposomes while unprocessed KRAS4b did not [1]. 

3.5.1. LAB MEDIA: Figure 4 B and D.




Section - Conclusion
4. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

4.1. Simon Messing: Minimizing the time the protein is exposed to low salt is the single most critical aspect of the protocol that affects the yield. The protein is only briefly at this low salt condition following the dilution in Buffer E. 

4.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 2.3.3.
4.2. Andy Stephen: The protein can be used for a variety of biophysical experiments that use membrane mimetics like liposomes, or nanodiscs to investigate which lipids KRAS interacts with. Using these data we can start to extrapolate how KRAS interacts with the plasma membrane in the cell.

4.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

4.3. Andy Stephen: Using purified KRAS-FMe, our colleagues were able to solve the x-ray crystal structure of KRAS in complex with a chaperone that is specific for the farnesylated and methylated form of the protein.

4.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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