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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)  No
Can you record movies/images using your own microscope camera? (Y/N) Yes
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.

2. Does your protocol include software usage? (Y/N) Y
If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.

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. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
2.3. changing the media of transfected 293T cells carefully enough to avoid cell detaching.
2.6. Check of GFP expression and anti-flag immunofluorescence of transduced cells.
3.2. Sonication of samples. (3.2.3 transfer of sonicated samples to new tubes using filters.)
3.4.2. adding the Ni-NTA beads to samples.
3.5. Wash/transfer of beads to new tubes.
3.7. recovering the elution using a Hamilton syringe.

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. (Please do not list entire sections.)
3.4.2. Pipetting of beads, especially the anti-Flag ones.
3.7.2. Recovering supernatant from beads, both Imidazole and Flag peptide elution. 

5. Will the filming need to take place in multiple locations? (Y/N) No, different labs but same floor of same building.
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. PS: This protocol is an easy way to generate the profiles of ubiquitin and ubiquitin-like dependent post-translational modifications by identifying and semi-quantifying specifically purified proteins [1].
1.1.1. INTERVIEW

1.2. PS: The main advantage of this technique is the use of lentiviruses to create stable cell lines of expression within a week and the use of two tags to purify specifically modified proteins [1].
1.2.1. INTERVIEW

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

1.3. PS: In fact, these kinds of PTMs (Post-translational modifications) are involved in most biological functions and deregulations of these mechanisms can be found in most diseases. Identifying these alterations may serve as diagnosis and/or prognosis and of course as potential therapeutic targets.
1.3.1. INTERVIEW

1.4. PS: Ubiquitin is one of the most conserved proteins in the eukaryotic cells, and is essential for their survival. Therefore, this method can be applied to any eukaryotic system, from mammals to yeast. However, our lentiviral system is restricted to the study of mammalian cells. 
1.4.1. INTERVIEW

1.5. PS: Since the whole purification procedure is quite long, with sometimes long incubation times, it is possible to do it over two days instead of one. The eluate of Ni-NTA beads can be frozen at -20°C until next day and before adding the anti-flag beads [1].
1.5.1. INTERVIEW

1.6. PS: This protocol contains many steps among which some are critical in order to guaranty the final success of the purification and so the accurate establishment of PTM profiles [1].
1.6.1. INTERVIEW


Introduction of Demonstrator: (Said by you on camera)

1.7. PS: Demonstrating the procedure will be performed by MS and AD, two PhD students from my laboratory [1] [2].  
1.7.1. Interview style: Author saying the above 
1.7.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.



Section - Protocol
2. Generation of Stable Cell Lines Expressing 6His-Flag-Ubl
2.1. To begin, add 0.5x106 of HEK-293T (pronounce as two-ninety-three-T) cells in a 6-well plate with 2 milliliters per well of DMEM with 10% FBS to seed, and incubate at 37 degrees Celsius, 5% carbon dioxide and 100% humidity [1-TXT]. The next day, 50-70% confluence is achieved [2-TXT].
2.1.1. Talent adds cell culture into a plate, and places into an incubator. TEXT: Day 0
2.1.2. Talent shows 50-70% confluence. TEXT: Day 1
2.2. Co-transfect the cells with a mix of 1 microgram of Pccl-6HF-Ubl (pronounce as P-c-c-L-6HisFlag-ubiquitin-like) or Pccl-GFP (pronounce as P-c-c-L-G-F-P), 1 microgram of Pvsvg (pronounce as p-v-s-v-g) and 1 microgram of delta-Helper vectors [1], using a transfection reagent and protocol for lentivirus production [2].
2.2.1. Talent adds three compounds into eppendorf tube and start the timer set to 10 min.
2.2.2. Talent adds agent into the plate, and starts the timer set to 6 h.
2.2.3. Talent puts the plate into the incubator.
2.3. After 6 hours of transfection, change the medium to a fresh one corresponding to the media of cells to be transduced [1]. Seed the cells to be transduced in a 6 well plate with their standard culture media [2] in order to obtain a 10-20% confluence the day after [3-TXT].
2.3.1. Talent changes medium. Important Step
2.3.2. Talent seeds cells.
2.3.3. Talent shows the cells with 10-20% confluence. TEXT: Day 2
2.4. Twenty-four hours after transfection, recover the medium containing lentiviral particles and filter using 0.45 micron filters [1-TXT]. Replace the medium of the cells to be transduced by the filtered medium containing lentiviruses [2]. 
2.4.1. Talent draws medium and filters. TEXT: Day 2
2.4.2. Talent replaces the medium.
2.5. Incubate the cells with lentiviruses for 24 hours to 72 hours in an incubator at 37 degrees Celsius and 5% carbon dioxide [1], and then change the medium with fresh standard one [2]. 
2.5.1. Talent places the plate into an incubator.
2.5.2. Talent changes the medium.
2.6. Check GFP (pronounce as G-F-P) expression using an inverted fluorescent microscope [1] to evaluate efficiency of transduction [2]. If no fluorescence is detected, wait for additional 2-3 days [3].
2.6.1. Talent places the plate under a microscope. 
2.6.2. SCOPE: Talent shows GFP expression. Important Step
2.6.3. SCOPE: Talent shows the plate with no fluorescence.
2.7. If GFP control is positive, with green fluorescence, grow all cells until having enough to perform an expression control of 6HF-Ubl (pronounce as 6HisFlag-ubiquitin-like) by immunofluorescence and Western blot using anti-Flag antibody [1].
2.7.1. Talent shows positive anti-Flag immunofluorescence.
3. Double Purification of Modified Proteins
3.1. After growing the cells in 15-centimeter dishes, wash culture dishes at least one time with phosphate-buffered saline at room temperature [1]. To begin cell lysis, add 2 milliliters of Buffer 1 into each 15-centimeter dish at room temperature [2]. Use a cell scraper to recover all lysates in 50-milliliter conical centrifuge tubes [3].
3.1.1. Talent adds buffer into the plate to wash.
3.1.2. Talent adds buffer into each dish.
3.1.3. Talent scrapes cells and transfers into a tube. 
3.2. Sonicate the lysates three times for 30 seconds separated by a 1-minute pause [1]. Centrifuge the sonicated lysates at 15,000 times g for 15 minutes [2]. Transfer the supernatant to a new tube through a 40-micron cell strainer [3].
3.2.1. Talent sonicates the lysates.
3.2.2. Talent places the tube into a centrifuge.
3.2.3. Talent transfers and filters the supernatant. Important Step
3.3. MS: It is very important to filter lysates after sonication and centrifugation. Not doing this may result in the co-purification of many non-specific proteins thereby increasing the background and strongly reducing the size of PTM profiles [1].      
3.3.1. INTERVIEW
3.4. Transfer an equal amount of protein, between 50 and 100 milligrams, to new falcon tubes [1]. Add Ni2+-NTA (pronounce as nickel ion N-T-A) beads into each tube, with the amount of 2 microliters of beads per 1 milligram of protein [2]. Place the tubes on a rotator to rotate at 30 rpm for 2.5 hours at room temperature [3].
3.4.1. Talent transfers solution into new tubes
3.4.2. Talent adds beads solution into each tube. Important Step
3.4.3. Talent places the tube on a rotator.
3.5. Then, pellet the beads at 500 times g for 5 minutes [1]. Wash the beads with 1 milliliter of Buffer 1 and transfer the samples to a 1.5-milliliter microcentrifuge tube [2]. Place the tube on ice [3].
3.5.1. Talent places the tubes into a centrifuge.
3.5.2. Talent adds and removes buffer and transfers the beads into a 1.5 mL tube. Important Step
3.5.3. Talent places the tubes on ice.
3.6. Wash twice with 1 milliliter of ice-cold Buffer 2 containing 10 millimolar imidazole [1]. To elute bound proteins, add 600 microliters of Buffer 2 containing 250 millimolar imidazole [2] and rotate for 2 hours at 4 degrees Celsius [3].
3.6.1. Talent put the tubes in a centrifuge.
3.6.2. Talent aspirates the supernatant.
3.6.3. Talent adds buffer into the tube to wash.
3.6.4. Talent adds elution buffer into the tube.
3.6.5. Talent places the tube on a rotator in cold room.
3.7. After pelleting the beads by centrifugation at 500 times g for 1 minute [1], transfer the supernatant to a new, pre-cooled, 1.5-milliliter tube and add 50 microliters of anti-Flag M2 antibody conjugated beads [2].
3.7.1. Talent takes the tube in and out of the centrifuge.
3.7.2. Talent transfers the supernatant into new tubes from the ice, and adds beads. Important Step
3.8. Rotate at 30 rpm for 2.5 hours at 4 degrees Celsius [1], then wash twice with 500 microliters of Buffer 2, then twice with 500 microliters of Buffer 3 [2-TXT].
3.8.1. Talent places the tube on a rotator. Videographer: Take multiple shots, as this will be used later.
3.8.2. Talent removes supernatant and adds buffer. TEXT: Wash 2x with buffer 2, 2x with buffer 3
3.9. For the final elution, add 100 microliters of Buffer 3 containing a Flag peptide at 0.1 microgram per microliter [1] and rotate at 4 degrees Celsius for 1.5 hours [2]. After centrifugation at 500 times g for 1 minute [3], transfer the supernatant to a new pre-cooled tube [4]. 
3.9.1. Talent removes supernatant and adds buffer.
3.9.2. Use 3.8.1.
3.9.3. Talent takes out the tube from the centrifuge.
3.9.4. CU: Talent transfers supernatant to a new tube from the ice.
3.10. Take 10 microliters to load on SDS-PAGE [1] and perform a silver staining of the gel to control the purification quality [2]. If the purification looks good, analyze the 90% left by LC-MS [3].
3.10.1. Talent loads on SDS-PAGE.
3.10.2. Talent places the gel into silver nitrate solution
[Split Shot] 3.10.2.1 places it in the dark in cold room.
3.10.3. Talent shows the gel after silver staining.
4. Processing of Mass Spectrometry Data to Generate Profiles of Ub/Ubls PTMs (Ubiquitin/Ubiquitin-likes Post-Translational Modifications)
4.1. To perform normalization [1], use the formulas to normalize values between drug treated cells and untreated cells for Ubiquitin and GFP [2-TXT]. 
4.1.1. Talent sits in front of a computer to do the calculation.
4.1.2. SCREEN: (60402_3.1_normalization.flv 01:43-03:55) TEXT: V1=v1 × (∑v1+ ∑v2) / (2×∑v1) ; V2=v2 × (∑v1+ ∑v2) / (2×∑v2); K1=k1 × (∑k1+ ∑k2) / (2×∑k1) ; K2=k2×(∑k1+ ∑k2) / (2×∑k2) Video editor: emphasize v2 and k2 when VO says “drug treated cells”. Emphasize v1 and k1 when VO says “untreated cells”. Emphasize the first equation when VO says “Ubiquitin”, and emphasize the second equation when VO says “GFP”.
4.2. To remove background, subtract values in control sample GFP from values in the ubiquitin sample to obtain specific values for each identified protein in both conditions [1-TXT]. 
4.2.1. SCREEN: (60402_3.2_background subtraction.flv) TEXT: V'1=V1-K1 if V1-K1≥0 ; V'1=0 if V1-K1<0; V'2=V2-K2 if V2-K2≥0 ; V'2 =0 if V2-K2<0 Video editor: emphasize K1 in the first equation, and K2 in the third equation when VO says “values in control sample GFP”. Emphasize V1 in the first equation, and V2 in the third equation when VO says “values in the ubiquitin sample”.
4.3. To obtain the variation of ubiquitination, obtain a score between -100 and +100 for positive and negative variations of PTMs induced by a drug. The difference between the specific values of treated and untreated samples are divided by the sum of all values, including those in control, and multiplied by 100 [1-TXT]. 
4.3.1. SCREEN: (60402_3.3_Var calculation.flv 00:19-02:32) TEXT: Var = (V'2-V'1)/(V1+K1+V2+K2)*100 ; -100<Var<100 Video editor: emphasize (V'2-V'1) when VO says “The difference between the specific values of treated and untreated samples”. Emphasize (V1+K1+V2+K2) when VO says “the sum of all values”.
4.4. Variations below -50 representing repression of PTM, or above 50 representing induction of PTM are considered as significant [1].
4.4.1. Video editor: show a scale from -100 to +100, and emphasize the part below -50 and above 50.
4.5. Use this formula to obtain a confidence value between 0 and 100% [1-TXT]. Values above 50 are usually considered to be confident [2].
4.5.1. SCREEN: (60402_3.4_Conf calculation.flv 00:00-01:57) TEXT: Conf = ((V1+V2)²/(1+V1+V2+K1+K2)²)*100 - 100/(1+V'1+V'2) ; =0 if <0 
4.5.2. Video editor: show a scale from 0 to 100, and emphasize the part above 50.
4.6. To obtain a nicer distribution of induction and repression values and to consider both variation and confidence parameters, use this formula to multiply the Variance and Confidance values [1-TXT].
4.6.1. SCREEN: (60402_3.4_Conf calculation.flv 02:09-02:54) TEXT: SI(Var2>0;((Var2*Conf2)^2)/(10^6);-((Var2*Conf2)^2)/(10^6))





Section – Results
5. Results: Ubiquitinated Proteins
5.1. In this study, transduction of culture mammalian cells was achieved to create GFP and 6HF-Ub (pronounce as G-F-P and 6 Histine Flag ubiquitin ) expressing cells [1]. The efficacy of lentiviral transduction was first controlled by looking at the GFP fluorescence of GFP transduced cells [2].
5.1.1. Figure 1A
5.1.2. Figure 1A – Video editor: emphasize the upper panel.
5.2. The expression of Flag-ubiquitin was done by immunofluorescence staining using an anti-Flag antibody, which shows the percentage of transduced cells [1]. In order to control the expression level of exogenous Flag-ubiquitin, lysates from transduced cells were analyzed by SDS-PAGE followed by Western blot with anti-Flag antibody [2].
5.2.1. Figure 1A – Video editor: emphasize the lower panel.
5.2.2. Figure 1B
5.3. After purification of the ubiquitinated proteins [1], 10% of the final elution was used to control the amount and integrity of purified material by SDS-PAGE and silver staining of the gel [2].
5.3.1. Figure 2A
5.3.2. Figure 2B
5.4. Background GFP sample subtraction identified 364 proteins significantly ubiquitinated [1], with a score above 50% [2].
5.4.1. Figure 3 – Video editor: emphasize Figure 3A&B.
5.4.2. Figure 3 – Video editor: emphasize the 50% confidence in Figure 3A.
5.5. A gene set enrichment analysis of these ubiquitinated proteins was performed in order to highlight the biological processes in which they were involved [1].
5.5.1. Figure 3 – Video editor: emphasize Figure 3C.
5.6. Potential interacting networks formed by gemcitabine induced alterations of ubiquitination [1]. This led to the identification of functional interacting networks strongly affected by increased or decreased ubiquitination of the involved proteins [2].
5.6.1. Figure 5
5.6.2. Figure 5 – Video editor: emphasize the bottom scale from -100 to 100.
5.7. It was also confirmed that ubiquitination of PCNA (pronounce as P-C-N-A) increased after gemcitabine treatment [1].
5.7.1. Figure 6


Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
6.1. MS: It is very important to avoid the transfer of some beads after both elution steps since it may result in a significant increase of background [1]. 
6.1.1. INTERVIEW - Video editor: B-roll suggestion: Shot 3.9.4
6.2. PS: This procedure will generate specific PTMs profiles which will, by comparing different conditions will enable the identification of specific alterations. The first next step will be to validate at least the alterations of interest by standard biochemical approaches [1].
6.2.1. INTERVIEW
6.3. PS: We developed this method to explore ubiquitin based PTMs and to identify new resistance mechanism of pancreatic cancer cells. Since, this protocol and others developed worldwide have been successfully employed to decipher various biological processes [1].
6.3.1. INTERVIEW
6.4. AD: The lentiviruses have to be used at least in a L2 laboratory. Guanidinium is a strong denaturing agent and has to be handled carefully. Sonicator can also be harmful for hears and has to be manipulated following recommendations [1]. 
6.4.1. INTERVIEW
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