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TITLE:   Peptide-based Identification of Functional Motifs and their Binding Partners

Authors, please fill out the brief questionnaire below.   
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)?  __No________

Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? __No_______

Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps__4-3 to 4.5; 4-9 to 4-10 which are co-IP steps_

What is the single most difficult aspect of this procedure and what do you do to ensure success?
We would suggest that the Co-IP is the most difficult to perform and would say that critical care should be given in executing the incubation washes:  making sure that beads are properly agitated during incubations and that as much liquid as possible is removed  from beads during each wash step.   

Introduction (Schematic Overview and Interview)

0. Schematic Overview (read by voice talent at JoVE): 
0.1. This video presents a set of four experiments used for identifying functional HIV-1 Nef protein apoptotic motifs and for developing peptide-based inhibitors. 

0.2. Specific short peptides derived from motifs found in full-length proteins both retain their biological function and competitively inhibit the function of the full-length protein.

0.2.1. P1(A)

0.3. To identify apoptotic motifs in HIV-1 Nef, Jurkat cells are exposed to Nef-scanning peptides and a TUNEL apoptotic assay is performed.   
0.3.1. P1 (B)  Show peptide A from (A) go into cell in B then show a petri dish of cultured cells. Then show (C).
0.4. (A) Next, to confirm function, peptides that induce apoptosis are (B) transfected into cells along with Nef-GFP, which is known to be secreted.   (C) Loss of function, indicated by decreased secretion of Nef-GFP, is assessed by fluorimetry. 
0.4.1. P2- This figure is confusing, authors can you please re-make the figure so the GFP-labeled protein is shown green? This has been done SMR-A and Nef_GFP go into cell, then show a petri dish of many cells.
0.5. To identify cellular factors that interact with the Secretion Modification Region, or SMR, of Nef, co-immunopreciptitations are performed using SMRwt-Nef as bait.  
0.5.1. P3 (First pours into second, then each tube turns into the next.)
0.6. (A) Finally, to test whether these interactions affect secretion, antibodies against identified binding partners are (B) transfected into cells to assess whether they (C) antagonize Nef motif secretion.
0.6.1. P4 (as previous)
0.7. The results obtained identify a functional apoptotic/secretion motif in Nef and cellular binding partners as well as an inhibitor peptide that antagonizes the functional secretion motif.
0.7.1. LAB MEDIA: 50362_Bond_Figures 2,3,4,5 (Show collage)
[image: image1.png]



1. Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. [Vincent Bond]: This method can help answer key questions related to HIV pathogenesis, giving insight into the role of Nef-driven secretion in HIV pathogenesis and the mechanisms underlying Nef’s ability to manipulate the exosomal trafficking pathway.  
1.1.1. Interview style
1.2. [Vincent Bond] These methods can also be applied to many other systems that take advantage of the exosome secretion pathway including understanding normal cellular functions involving exosome secretion and disease studies such as cancer.
1.2.1. Interview style
1.3. [Vincent Bond] Demonstrating the procedure will be Dr. Ming Bo Huang, a Research Instructor in my laboratory. 
1.3.1. Interview style
Protocol (read by voice talent at JoVE):

2. Nef scanning peptide TUNEL assay
2.1. Begin this procedure with a set of peptides scanning the region of interest. For this experiment, 20mer peptides, with a 10 amino acid overlap, spanning the entire HIV-1 Nef protein were obtained from the AIDS Reagent Program.  
2.1.1. LAB MEDIA: 50362_Bond_Schematic (P1-A)
2.2. To identify Nef apoptotic motifs perform an apoptosis assay using the Nef scanning peptides individually as follows: Add 1 mL of culture medium containing 10 ng/mL of peptide per 35 mm plate of Jurkat cell cultures, and incubate cultures for 24 hours at 37°C.
2.2.1. MED:  Talent adds medium to cells

2.2.2. MED:  Talent places plates in the incubator  
2.3. Following the incubation, perform a terminal deoxynucleotidyltransferase-mediated dUTP biotin Nick End Labeling, or TUNEL assay to assess apoptosis.   To do this, first wash cells with PBS.  Then aspirate the PBS and add 4% paraformaldehyde in PBS, (Text overlay:  1X PBS, pH 7.4)
2.3.1. CU:  Talent washes cells and aspirates the PBS (do 4 takes)
2.3.2. CU:  Talent adds “PFA” (Do 2 takes- this does not really have to be PFA- we can use this shot again for triton step)
2.4. Incubate for 30 minutes at room temperature to fix the cells.
2.4.1. (mis-slated as SER) CU:  Talent places lid on plate and sets aside for incubation (do 2 takes)

2.5. After fixing the cells, wash them with PBS, and add Triton X-100 (Text overlay: 0.1% Triton X-100 in PBS).  Incubate for 10 minutes at room temperature to permeabilize them.

2.5.1. USE shot 2.3.1:  Talent washes cells and aspirates the PBS 
2.5.2. USE shot 2.3.2:  Talent adds “PFA” 

2.5.3. USE shot 2.4.1: Talent places lid on plate and sets aside for incubation 
2.5B.  After fixing and permeabilization of cells, add TUNEL reagent and incubate the cells for 1 hr at 37 ºC.

2.5B.1 Talent adds TUNEL reagent to cells
2.6. Following permeabilization, rinse the cells twice with PBS (Text overlay:  wash X2 PBS).  Then, determine the percentage of stained cells by epifluorescence on a computer-controlled microscopy system.  
2.6.1. USE shot 2.3.1:  Talent washes cells and aspirates the PBS 
2.6.2. MED:  Talent, sitting at microscope, with ceiling lights turned OFF, looks at screen and counts cells
3.  Competitive Inhibition Analysis using Peptides
3.1. After transfecting Jurkat cells with NefGFP plasmid and different variations of the SMR peptide using Chariot Protein Delivery Reagent Kit as described in the accompanying document, harvest the medium.   
3.1.1. CU:  Talent collects medium

3.2. To determine transfection efficiency by fluorescent microscopy, capture fluorescent and bright field images and determine the percentage of cells transfected.

3.2.1. MED:  Talent examines cells on microscope

3.2.2. 50362_Bond_ Image 2_TransfectionEfficiency
3.3. Then, to assess inhibition of Nef-GFP secretion, transfer 100 µL of the cell-free conditioned medium to individual wells of a 96-well black microtiter plate. 

3.3.1. CU:  Talent transfers medium to black plate (use in 5.3.1)
3.4. Use a fluorimeter with excitation wavelength 485 nm and emission wavelength 515 nm to measure the GFP fluorescence in the medium in relative fluorescent units. 

3.4.1. MED:  Talent places plate in fluorometer. (use in 5.3.2)
3.5. After the reading is complete, transfer the data to a PC. Set the level of GFP fluorescence in the control medium at 100%. (Text overlay: control = cells co-transfected with Nef-GFP and a scrambled peptide) 
3.5.1. MED:  Talent opens data on PC and begins performing analysis 




3,5.2 Lab Media – do we need to include
??
3.6. Then, compare this to the level of GFP fluorescence in the medium from cells co-transfected with various SMR peptides to determine changes in Nef-GFP secretion.
3.6.1. MED:  Talent, on computer, displays a graph that shows a comparison 



3.6.2 Lab Media: 50362_Bond_Figure 3 
4. Isolating Motif Binding Partners Using Peptides as Bait

4.1. The Co-IP for isolating motif-binding partners is a difficult step. Make sure that the beads are properly agitated during incubations and that as much liquid as possible is removed from beads during each wash step.

4.1.1. MED:  Talent looks up from setting up some the CO-IP 

4.2. Grow Jurkat cells in RPMI 1640 medium containing 10% FBS at 37°C in a T-75 tissue culture flask.   Pellet cells by centrifugation at 1000 x g for 20 minutes at 4°C. 

4.2.1. CU:  Show cells in incubator, then, talent removes cells from the incubator
4.2.2. MED:  Talent places tubes of cells in the centrifuge

4.3. Resuspend the cell pellet in 1 mL PBS, and transfer it to a 1.5-mL microcentrifuge tube. Spin at 1000 x g for 1 minute. Then, resuspend the pellet in 1 mL of α-FLAG Lysis buffer by gentle pipetting. (Overlay see accompanying document for buffer/solution recipes) 
4.3.1. CU: Talent resuspends the cell pellet and transfers it to a microfuge tube

4.3.2. CU:  Talent places tube in microcentrifuge and closes the lid  (Do 3 takes)

4.3.3. CU:  Talent resuspends the pellet by pipetting

4.4. Differentially microcentrifuge the suspensions at 2000 x g for 5 minutes, and at 13,000 x g for 10 minutes to pellet the cell debris and DNA, respectively. Collect the supernatant, hereafter referred to as the “lysate”. 

4.4.1. REUSE shot 4.3.2  Talent places tube in microcentrifuge and closes the lid  
4.4.2. CU:  Talent collects supernatant and transfers to a new tube

4.5. After determining the protein concentration, add 1 mg of lysate protein and 1 μg of either the SMRwt or SMRmut peptide to 20 μL of anti-FLAG® M2 Affinity Gel. (Text overlay: Note that both SMRwt & SMRmut have a FLAG tag sequence embedded in the peptides.)   This is hereafter referred to as the “resin”. Bring the mixture to a final volume of 1 mL in Co-IP buffer. 
4.5.1. CU:  Talent combines resin ingredients then brings the volume up to 1 mL

4.6. Also prepare a negative control in which the lysate is combined with resin in the absence of either peptide.

4.6.1. CU:  Talent prepares the control

4.7. Incubate the mixtures at 4°C overnight with gentle rocking 
4.7.1. CU:  Talent places the tubes on a rocker in the fridge

4.8. The next day, pellet the resin by microcentrifugation at 5000-8000 x g for 30 seconds. Following the spin, wait for 1–2 minutes before handling the samples to allow the resin settle in the tube. (Text overlay: 1-2 min)  
4.8.1. USE 4.3.2   Talent places tube in the microcentrifuge

4.8.2. CU:  Spin finishes (shown RCF numbers drop and go to zero)

4.8.3. CU:  Talent removes samples from CF (do 2 takes)
4.9. Remove the supernatant with a narrow-end pipette tip or a Hamilton syringe, taking care not to transfer any resin.
4.9.1. ECU:  Talent removes super with narrow end pipette
4.10. Wash the resin four times by resuspending it in 500 μL of wash buffer followed by microcentrifugation. 
4.10.1. CU:   Talent resuspends pellet in wash buffer

4.10.2. REUSE shot 4.3.2  Talent places tube in microcentrifuge and closes the lid  
4.11. To determine the transfection efficiency, capture fluorescent images and count to determine the percentage of stained cells.
4.11.1. MED:  Talent seated at scope counts cells

4.12. To elute the bound cellular proteins, add 15 μg of excess 3X FLAG peptide to the tube in 50 µL of wash buffer and incubate on rocker/shaker for 30 minutes at room temperature.
4.12.1. CU:  Talent adds 3X FLAG

4.12.2. CU:  Talent places on rocker and starts it

4.13. After the incubation, centrifuge at 5000-8000 x g for 30 seconds.  After allowing the tubes to settle for 2 minutes, collect and save the supernatant containing the eluted proteins. 
4.13.1. USE 4.3.2   Talent places tube in the microcentrifuge

4.13.2. USE 4.8.3  Talent removes samples from CF

4.13.3. CU:  Talent collect supernatant
4.14. After concentrating the eluates by acetone precipitation, boil the samples in Laemmli sample buffer.  Then, separate the proteins by SDS-PAGE on a 4-20% Tris-HCl Criterion precast gel. Stain the gel with Coomassie Brilliant Blue R-.
4.14.1. CU:  Talent places tubes in heatblock or boiling water
4.14.2. CU:  Talent loads page gel

4.14.3. CU:  Talent adds Coomassie to gel
5. Nef-GFP Secretion Fluorescent Plate Reader Assay of Antibody Inhibition
5.1. To assess antibody inhibition, co-transfect Jurkat cells with Nef-GFP and anti-α-tubulin antibody using Chariot Protein Delivery Reagent Kit as described in the accompanying document. 
5.1.1. MED:  Talent adds Chariot reagent to cells (this shot shows the final step in Chariot transfection procedure).
5.2. Collect the cell-free conditioned medium from the harvested cells.

5.2.1. MED:  Talent collects medium from the harvested cells

5.3. Transfer 100 µL to individual wells of a 96-well black microtiter plate.  Then, measure  GFP fluorescence in the medium using a fluorimeter with excitation wavelength 485 nm and emission wavelength 515 nm in relative fluorescent units. 

5.3.1. CU:  Talent transfers media to black plate (use shot 3.3.1)
5.3.2. MED:  Talent places black plate in reader and closes.  (use shot 3.4.1) 

5.4. After reading the plate, transfer the data to a PC and set the level of GFP fluorescence in the control at 100%. 

5.4.1. MED:  Talent opens data on PC and begins performing analysis

5.5. Compare this to the level of GFP fluorescence in the medium from cells co-transfected with anti-mortalin antibody to determine changes in Nef-GFP secretion. 

5.5.1. MED:  Talent displays a graph that shows a comparison 





5.5.2 LAB MEDIA: 50632_Bond_Figure 5
6. Identification of Nef functional motifs and their binding partners 
6.1. To map apoptotic motifs of HIV-1 Nef proteins, peptide scanning analysis was performed as described in this video. (Text overlay: This figure was originally published in Huang et al., JVI, 2004) The Y-axis shows percentage of cells that are TUNEL labeled, and the X-axis denotes the treatment condition. 
6.1.1.  LAB MEDIA: 50362_Bond_Figure 2

6.2. As shown here, two separate regions of HIV-1 Nef were identified that induce apoptosis.  These are indicated by increased TUNEL labeling of cells exposed to Nef peptides.  The peaks of apoptosis are denoted by Motif 1 and Motif 2.
6.2.1.  LAB MEDIA: 50362_Bond_Figure 2
6.3. To assess competitive inhibition of Nef secretion by SMRwt peptides, culture medium from Jurkat T cells, co-transfected with a Nef-GFP clone and various SMR peptides, were assayed for exNef secretion. (Text overlay: This figure was originally published in Shelton et al., JVI, 2012.)
6.3.1.  LAB MEDIA: 50362_Bond_Figure 3
6.4. As shown by GFP fluorescence in the medium, peptides containing one or more wildtype Nef SMR sequence motifs inhibited the secretion of exNef, while alanine-replacement of any animo acid within this region greatly reduced the peptide’s effectiveness.  
6.4.1. LAB MEDIA: 50362_Bond_Figure 3 
6.5. This suggests that SMRwt peptide inhibits exNef. An 11-amino-acid scrambled version of Nef’s apoptotic Motif 1 -sM1-, previously described and obtained from Sigma Genosys, was used as a negative control and had no effect on exNef secretion
6.5.1.  LAB MEDIA: 50362_Bond_Figure 3.
6.6. This image of the Coomassie stained SDS-PAGE gel shows the co-immunoprecipitation of four proteins by the SMRwt peptide, with 60, 65, 75, & 250kDa sizes.
6.6.1.  LAB MEDIA: 50362_Bond_Figure 4A 
6.7. The negative control SMRmut peptide did not capture these proteins, and these proteins did not non-specifically interact with the affinity resin in the absence of the SMRwt peptide
6.7.1.  LAB MEDIA: 50362_Bond_Figure 4A
6.8. These results suggest that the co-immunoprecipitated proteins were interacting specifically with the SMR motifs of the SMRwt peptide.

6.8.1. LAB MEDIA: 50362_Bond_Figure 4A

6.9. The plate reader assay shows that co-transfection of the anti-mortalin antibody with the Nef expression plasmid completely abolished exNef secretion.

6.9.1. LAB MEDIA: 50362_Bond_Figure 5
6.10. The unrelated antibody had no effect on exNef secretion. These results suggest that an intact Nef/mortalin interaction is required for exNef secretion.

6.10.1. LAB MEDIA: 50362_Bond_Figure 5
7. Conclusion (said by authors on camera)
7.1. [Vincent Bond]: After watching this video, you should have a good understanding of how to use the described techniques to identify functional motifs in proteins and develop peptide-based inhibitors of these functional motifs.
7.1.1. Interview style
7.2.  [Vincent Bond]: While attempting this procedure, it’s critical to remember to (the Co-IP) give careful attention in executing the incubation washes in the Co-IP.  It is important to ensure that the beads are properly agitated during incubations and that as much liquid as possible is removed  from beads during each wash step. 
7.2.1. Interview style
7.3. [Vincent Bond]: Also, always allow the resin to settle following centrifugation, use the narrow-end pipette tips, and do four washes to reduce background to acceptable levels .
7.3.1. Interview style
Provided Media

50362_Bond_Schematic (can you adjust it so the GFP-labeled protein in P2 is shown in green?This has been done)
50362_Bond_ Image 2_TransfectionEfficiency

50362_Bond_Figure 3

50362_Bond_Figure 4A

50362_Bond_Figure 5
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.

�Videographer thought we might need Lab Media 3.5.2, showing data. We are not sure this is needed. What do you think? 


�See comment at 3.5.1 Do we need Lab Media Here?





( 2010, Journal of Visualized Experiments


