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TITLE:   Monitoring activation of the antiviral pattern recognition receptors RIG-I and PKR by limited protease digestion and native PAGE
Authors, please fill out the brief questionnaire below.   
A. Will you require assistance with video microscopy, such as filming a complex dissection or microinjection technique (Y/N, please specify steps by number. Also, please list make and model of your microscope)? N
B.   Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? N
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps: 4.1.2, 4.1.3, 4.1.4 and 5.1.1, 5.1.2
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  

4.1.4: Time of trypsin digestion is critical. Precise timing is required to detect only the resistant fragments without any background.  The lack of detection of any resistant proteins or too many resistant fragments might require to shorten or prolong the time of digestion, respectively. 
1. Introduction (Schematic Overview and Interview)

0. Schematic Overview (read by voice talent at JoVE):

0.1. (Top row) Innate defenses to viral infections are triggered by pattern recognition receptors or PRRs present in cells of the innate immune system. During an infection, (middle row- show RNA bind to proteins) cytoplasmic PRRs RIG-I and PKR bind to viral signature RNAs, (Bottom row, show the RNA change conformation/bend and stick to each other) change conformation, oligomerize, and activate antiviral signaling.

0.1.1. 51415_Weber_SchematicOverview_Slide 2 (Editor, please see notes within text above for animation cues)
0.2. To monitor RIG-I and PKR conformational changes and oligomerization in vitro, human A549 cells are infected with Rift Valley fever virus clone 13 to stimulate PRR activation.  Cell lysates of control and infected cells are then prepared.
0.2.1. 51415_Weber_SchematicOverview_Slide 1 (Top 1/3, show viruses go into cells then dissolve to tube)
0.3. To analyze for RIG-I and PKR conformational changes, a limited trypsin digestion is performed.  If conformational changes in protein structure have occurred, the protein is more resistant to digestion and bands will be seen with western blotting analysis.

0.3.1. 51415_Weber_SchematicOverview_Slide 1 (Middle 1/3 left- show row of tubes, then bottom 1/3 show “blot”)
0.4. To analyze for formation of oligomers, native PAGE is performed followed by western blotting analysis.   If oligomerization has occurred, higher oligomeric RIG-I and PKR complexes are seen.
0.4.1. 51415_Weber_SchematicOverview_Slide 1 (Middle 1/3 bottom, show “blot”)
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1. Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. [Friedemann Weber] The main advantage of limited protease digestion and Native PAGE is that these techniques allow the direct measurement of RIG-I and PKR activation.   

1.2. [Friedemann Weber]: These methods can help answer key questions in the field of innate immunity, such as:  What is the exact nature and origin of the RNA species relevant for RIG-I and PKR activation?  

1.3. [Friedemann Weber] Though this method can provide insight into RIG-I and PKR agonists, it can also be applied to other cytoplasmic sensor proteins, such as MDA5.

1.4. Friedemann Weber]: Demonstrating the procedure will be Michaela Weber PhD student from my laboratory.
Protocol (read by voice talent at JoVE):

2. Infection of A549 cells with Rift Valley fever virus clone 13 (Cl 13) 
2.1. Before beginning this procedure, please note that Rift Valley fever virus clone 13, referred to hereafter as Cl 13, is an attenuated virus mutant, which, in Germany must be handled under BSL-2 conditions. (Text overlay: Please refer to relevant national guidelines.)
2.1.1. WIDE:  Talent, wearing appropriate PPE, enters the door of the BSL-2 facility  zoom to shot below OR

2.1.2. CU:  biohazard label on the lab door
2.2. To pre-warm PBS, serum-free medium, and cell culture medium containing 5% FCS, place them in a waterbath.
2.2.1. MED: Talent places PBS, and media into water bath

2.3. In a 1.5 ml microcentrifuge tube, prepare 1.25×107 PFU/ml of Cl 13 in serum-free medium to infect 2.5×106 A549 cells with a multiplicity of infection, or “MOI” of 5. Prepare roughly 10% more than needed to account for pipetting errors.
2.3.1. CU:  Talent dilutes the virus in a tube

2.4. Remove the A549 cells from the incubator.  Aspirate the medium and add 10 ml of PBS.  Swirl or tip the culture flask to wash the cells, and then remove the PBS.
2.4.1. MED:  Talent removes the cells from the incubator

2.4.2. CU:  Talent removes medium, adds PBS, swirls, then removes PBS.

2.5. Next, add 1 ml of the diluted Cl 13, or, for the uninfected control or “mock” infection, add 1 ml of serum-free medium and incubate for 1 h (Text overlay: 37 °C and 5% CO2). Every 15 min, carefully tip the flask to ensure equal distribution of the medium.
2.5.1. CU:  Talent adds 1 mL of the Cl 13 to one flask, and serum free medium to another flask

2.5.2. MED:  Talent places the flask in the incubator (Do 2 takes)
2.5.3. CU:  Talent moves the flask 

2.6. After 1 h of infection, remove the inocula, add 5 ml of pre-warmed cell culture medium with 5% FCS, and incubate for 5 h. (Text overlay: 37 °C and 5% CO2)
2.6.1. VIDEO:  Talent removes the inocula and adds pre warmed cell culture medium

2.6.2. USE shot 2.5.2:  Talent places the flask in the incubator 

3. Preparation of cell lysates 

3.1. Prepare PBS with 0.5% Triton X-100 and place it at 4 °C. Do not add serine protease inhibitors. 

3.1.1. MED:  Talent places PBS/Triton on ice
3.2. Next, wash the cells with cold PBS and add 10 ml of fresh PBS.  Then, using a cell scraper, detach the cells from the dish.  Transfer the cell suspension to a 15 ml conical tube, and centrifuge at 800 × g for 5 min at room temperature.

3.2.1. MED:  Talent washes the cells with PBS then adds 10 mL of fresh PBS
3.2.2. CU:  Talent uses cell scraper to detach cells
3.2.3. CU:  Talent transfers the cells to a conical tube
3.2.4. MED:  Talent places the 15 mL conical tube in the centrifuge and closes the lid
3.3. After the spin, remove the supernatant and resuspend the cell pellet in 30 µl of PBS/ 0.5% Triton X-100. Transfer the lysate into a fresh 1.5 ml tube and incubate for at least 10 minutes on ice.
3.3.1. CU:  Talent removes the supernatant and adds PBS
3.3.2. CU:  Talent transfers the lysate into a 1.5 ml microcentrifuge tube
3.3.3. CU:  Talent places the tube on ice for incubation
3.4. Centrifuge the lysate at 10,000 × g for 10 min at 4 °C.  After the centrifugation, transfer the clarified cell lysate to a fresh tube.

3.4.1. MED:  Talent places the microcentrifuge tube in a centrifuge and closes the lid
3.4.2. CU:  Talent transfers the cell lysate to a fresh tube
3.5. Perform a Bradford assay to determine the protein concentration in the clarified cell lysate.  Store at -20 °C or proceed immediately to trypsin digestion or native PAGE.
3.5.1. MED:   Talent places tube in spec for Bradford assay
3.5.2. MED:  Talent places tube in freezer
4. Determination of conformational changes of pattern recognition receptors: 
4.1. To assay for conformational changes of pattern recognition receptors, first dilute L-1-tosylamido-2-phenylethyl chloromethyl ketone-treated, or “TPCK” trypsin in PBS to a final working concentration of 2 µg/µl.

4.1.1. MED:  Talent begins diluting TPCK
4.1.2. CU:  Talent finishes pipetting into the tube
4.2. In two new tubes for each condition, adjust the final protein concentration of the Cl 13 and non-infected control protein lysates, to 25 µg in a final volume of 9 µl with PBS.  One set of lysates will be used as an input control, and the other will be treated with TPCK.
4.2.1. CU:  Talent adjusts the concentration in each tube with PBS  Note there will be 4 tubes in total, which should be labelled as indicated above
4.3. To the untreated control tubes, add 1 µl of PBS.   To the remaining 2 tubes, add 1 µl of 2 µg/µl TPCK-trypsin to bring the final concentration to 0.2 µg/µl. Mix the reactions by pipetting. (Text overlay: DO NOT freeze and thaw TPCK-trypsin aliquots, because it will compromise the efficiency of digestion.)
4.3.1. CU:  Talent adds PBS to the control tubes, talent then adds TPCK to the remaining tubes and mixes by pipetting
4.4. Incubate the lysates at 37 °C for 25 min. Stop the reaction by adding 5× denaturing sample buffer and then boiling for 5 min at 95 °C. It is important to NOT extend the trypsin incubation time.
4.4.1. MED:  Talent places tubes in water bath  
4.4.2. CU:  Talent adds sample buffer

4.4.3. CU:  Talent places tube in heat block or boiling water
4.5. [Author] Note that precise timing of the trypsin digestion is critical for detection of resistant fragments without any background.  If resistant proteins are not detected, or if too many are detected, adjust the duration of the digestion accordingly. 
4.5.1. MED:  Author looks up from placing samples at 95C and says the above line
4.6. After boiling, store the samples at -20 °C or, load the samples on two sodium dodecyl sulfate (SDS) polyacrylamide gels consisting of a 5% stacking over a 12% resolving gel. Separate the proteins at 25 mA per gel until the bromophenol blue runs out. 
4.6.1. MED:  Talent places the samples in the freezer
4.6.2. CU:  Talent loads an SDS page gel
4.6.3. CU:  Show the gel as the blue band is approaching the bottom  

4.6.4. CU:  Show gel again after blue band has run out
4.7. After running the gels, transfer the proteins from one gel to a polyvinylidene fluoride (PVDF) membrane and analyse by western blotting with antibodies directed against RIG-I and PKR.  (Text overlay: Protocols are standard, see accompanying text for details)
4.7.1. MED:  Talent assembles WB sandwich

4.7.2. CU:  Talent places PVDF in dish with milk/blocking agent

4.8. Stain the other gel with Coomassie Brilliant Blue G-250.   Then, store the gel in 25% ethanol, 8% acetic acid and 4% glycerol at 4 °C or proceed to perform imaging and analysis.

4.8.1. CU:  Talent places gel with stain on shaker
4.8.2. MED:  Talent places the finished gel in the fridge

4.8.3. MEDOTS:  Talent at imaging setup captures image of gel
5. Analysis of oligomeric states of pattern recognition receptors:  Native PAGE
5.1. To analyse oligomeric states of pattern recognition receptors, prepare 50 µg of cell lysate in a final volume of 10 µl with PBS and add 5× native sample buffer to a final concentration of 1x.

5.1.1. MED:  Talent adds cell lysate to PBS
5.1.2. CU:  Talent adds sample buffer to tube
5.2. Immediately load the samples on a native polyacrylamide gel with a 5%  stacking and an 8% resolving gel. Any delay will result in a loss of native complexes.
5.2.1. CU:  Talent begins loading native gel
5.3. Run the gel at 20 mA per gel at 4 °C.  (Text overlay:  anode buffer: 50 mM Tris-NaOH  pH 9.0, 384 mM glycin, cathode buffer: 50 mM Tris pH 8.3, 384 mM glycin, 1% sodium deoxycholate). 
5.3.1. MED:  Talent sets electrophoresis settings and initiates the run
5.4. Stop the electrophoresis 45 minutes after the bromophenol blue band has left the gel, after a total of approximately 1.5-2 hours.
5.4.1. CU:  Show gel after band has run out (prepare in advance)

5.5. Perform western blotting using antibodies directed against RIG-I and PKR as described in the accompanying document.
MED:  Talent transfers PVDF to wash buffer

6. REPRESENTATIVE RIG-I and PKR ASSAY RESULTS: 

6.1. To assay for conformational switching and oligomerization induced by recognition of a viral agonist by RIG-I or PKR, limited protease digestion and native PAGE were performed as described in this video. 

6.1.1. LAB MEDIA: 51415_Weber_Figure 1A

6.2. Trypsin digestion of mock infected cell lysates resulted in a rapid degradation of RIG-I, whereas Cl 13 infection lead to the generation of a 30 kDa resistant RIG-I fragment 

6.2.1. LAB MEDIA: 51415_Weber_Fig. 1A

6.3. PKR also shows partial resistance to trypsin digestion in infected samples, which coincides with its phosphorylation.
6.3.1. LAB MEDIA: 51415_Weber_Fig. 1A

6.4. To monitor efficiency and specificity of trypsin digestion, gels were stained with Coomassie Brilliant Blue G-250. Untreated samples show equal amounts of loaded proteins.
6.4.1. LAB MEDIA: 51415_Weber_Fig. 1B

6.5. Subjecting mock and Cl 13 cell lysates to trypsin digestion leads to a comparable decrease of global protein amounts. This demonstrates that trypsin treatment has the same efficiency for mock and Cl 13-infected samples. 
6.5.1. LAB MEDIA: 51415_Weber_Figure 1B

6.6. The formation of oligomeric complexes was assayed by native PAGE. In non-infected cells, only monomers of RIG-I and PKR were detected. As an additional control the transcription factor IRF-3 was included, which is present as a monomer but known to dimerize upon activation via RIG-I. 

6.6.1. LAB MEDIA: 51415_Weber_Figure 2 
6.7. Cl 13 infection leads to a strong accumulation of RIG-I oligomeric complexes in the form of a smear, and of PKR and IRF-3 dimers/oligomers as a defined protein band.

6.7.1. LAB MEDIA: 51415_Weber_Figure 2

6.8. These results demonstrate that limited trypsin digestion and native PAGE are useful tools to monitor conformational changes and oligomer formation of RIG-I and PKR upon infection.

6.8.1. LAB MEDIA: 51415_Weber_Figure 2
7. Conclusion (said by authors on camera)
7.1. Michaela Weber: After watching this video, you should have a good understanding of how to monitor the RIG-I and PKR conformational switching and oligomerization.  Once mastered, this technique can be done in two days.
7.1.1. Interview style
7.2. Michaela Weber: Following this procedure, other methods like pull-down assays can be performed in order to answer additional questions like whether there is a stable interaction with the stimulating ligand.
7.2.1. Interview style
7.3. Michaela Weber: After its development, this technique paved the way for researchers in the field of innate immunity to explore the activation status of pattern recognition receptors in virus-stimulated cells. 
7.3.1. Interview style
Provided Media
51415_Weber_SchematicOverview (ppt with 2 slides)
51415_Weber_Figure 1A
51415_Weber_Figure 1B
51415_Weber_Figure 2
General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

( 2010, Journal of Visualized Experiments


