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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N  
Can you record movies/images using your own microscope camera? NA
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? N
If yes, we will need you to record usingscreen recording softwareto 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.)
Most steps in the protocol are relatively simple and straightforward. However, steps 3.6.4, 4.1.4 and 4.2.1 have to be performed gently and therefore are important to see.

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.)
As noted in question 3, the most difficult aspect is to go through the proceedings without losing the attached cells during the protocol. 
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 fortheJoVE Dedicated Author Webpage. Here is one example if you wish to take a look.


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

1.1. Niels Alberts: This method captures transient protein interactions in organisms like bacteria and yeast and in different cell types. Here we monitor transiently formed specific chaperone complexes involved in cellular proteostasis.

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

1.2. Niels Alberts: The main advantage of this relatively simple technique is the ability to generate qualitative and semi-quantitative information on dynamics and subcellular localization of protein assemblies in prokaryotic and eukaryotic cells.

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. Niels Alberts: Adaptation of this technique in unicellular organisms like bacteria and yeast allows researchers to use it as a powerful tool to investigate the diseases related to microbial infections.

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

1.4. Niels Alberts: This technique could potentially be employed to analyze protein interactions in almost all organisms by simply changing conditions at the sample preparation phase of the protocol.

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

1.5. Niels Alberts: It is important to select good quality antibodies that are specific and tested for either Immunohistochemistry, Immunofluorescence, ELISA or Immunoprecipitations.

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











Section - Protocol
2. HeLa Cell Preparation
2.1. Begin by pre-treating 10-well diagnostic slides with poly-L-lysine. [1]. Add 100 microliters of sterile and filtered 0.01% poly-L-lysine to each well [2-TXT] and incubate the slides for 30 minutes in a sterile Laminar flow hood [3]. Then, wash each well with 50 microliters of sterile water to remove excess poly-L-lysine [4-TXT]. NOTE from Videographer: during the shot of scene 2.1.1 the action of 2.1.2 takes place. 
2.1.2 take 3 = 2.1.2. 
2.1.2 take 1 + take 2 = 2.1.4
2.1.1. WIDE: Establishing shot of talent at the lab bench preparing the slides. 
2.1.2. Talent adding poly-L-lysine to a few wells. TEXT: Surface coating depends on cell type Videographer: Film this action performed in a sterile hood and at the lab bench. This action should be performed in a sterile hood for this step and on the lab bench for step 3.4.
2.1.3. Slides incubating. Videographer: Film this action performed in a sterile hood and at the lab bench. It should be performed in a sterile hood for this step and on the lab bench for step 3.4.
2.1.4. Talent washing a well with water. TEXT: Wash 3 X
2.2. Add approximately 15,000 cells per well, depending on the cell type, and grow the cells in a sterile humid incubator at 37 °C with 5% carbon dioxide to a 60 to 80% confluency [1]. After 24 hours, remove the growth medium by placing a tissue paper at the edge of each well [2] and wash the cells 3 times with 50 microliters of PBS [3]. 
2.2.1. Talent placing the slide with cells in the humid incubator. Videographer: Obtain multiple reusable takes of this shot because it will be reused.
2.2.2. Talent removing medium from a well. 
2.2.3. Talent washing a well with PBS.
2.3. Then, fix the cells by adding 50 microliters of freshly prepared 4% paraformaldehyde in PBS to each well [1] and incubating the slide at room temperature for 10 minutes [2]. After fixation, wash the slide 3 times by submerging the slide in a slide-staining jar with PBS [3-TXT].
2.3.1. Talent adding paraformaldehyde to a few wells. 
2.3.2. Slide incubating at room temperature. 
2.3.3. Talent submerging slide in PBS. TEXT: 5 min per wash

2.4. To permeabilize the membranes of the attached cells, submerge the slide in 100 milliliters of 0.5% Triton-X100 in PBS and incubate the cells for 10 minutes at room temperature [1]. Then, wash the slides 3 times in TBS-T [2]. After the last wash, remove excess buffer with a tissue paper [3].

2.4.1. Talent putting slides in jar with Triton-X100 and leaving them to incubate. 
2.4.2. Talent putting slides into TBS-T.
2.4.3. Talent removing excess buffer with tissue paper.
3. S. cerevisiae Cell Preparation Video Editor: During this transition, add a note that says “See Manuscript for E. coli cell preparation”
3.1. Grow and dilute S. cerevisiae cells according to manuscript directions [1], then transfer them to a 50-milliliter centrifuge tube [2] and pellet by centrifugation at 665 x g for 3 minutes [3]. 
3.1.1. Talent taking cells out of the incubator. 
3.1.2. Talent transferring cells to a centrifuge tube. 
3.1.3. Talent putting the tube in the centrifuge and starting it.
3.2. Remove the supernatant and resuspend the cells in 5 milliliters of fresh medium [1]. Then, add 550 microliters of 37% paraformaldehyde for a final concentration of 4% [2] and incubate the culture at room temperature for 15 minutes to fix the cells [3]. 
3.2.1. Talent removing supernatant and resuspending the cells. 
3.2.2. Talent adding formaldehyde to the culture. 
3.2.3. Culture incubating at room temperature. 
3.3. After the incubation, pellet the cells [1], remove the supernatant, and resuspend the pellet in 1 milliliter of freshly prepared 4% paraformaldehyde in Wash Buffer [2]. Incubate the cells at room temperature for 45 minutes [3]. 
3.3.1. Talent putting cells in centrifuge. 
3.3.2. Talent removing supernatant and resuspending the cells. 
3.3.3. The cells incubating at room temperature. 

3.4. Meanwhile, prepare the diagnostic slides by adding 100 microliters of 0.01% poly-L-lysine solution to each well [1] and incubating the slides for 30 minutes at room temperature [2]. Then, wash away the excess poly-L-lysine with ultrapure water and let the slides air dry [3]. 

3.4.1. Use 2.1.2. Action performed at the lab bench. 
3.4.2. Use 2.1.3. Action performed at the lab bench.
3.4.3. Talent washing a slide and leaving it to air dry.

3.5. After the incubation step, wash the cells twice with 1 milliliter of Wash Buffer by centrifugation [1-TXT], remove the supernatant, and resuspend the cells in Wash Buffer [2]. Pellet the cells after the last wash, remove the supernatant, and resuspend the cells in 1 milliliter of Wash Buffer containing 1.2 molar sorbitol [3]. 

3.5.1. Centrifuge running. TEXT: 665 x g for 3 min NOTE to video editor: the centrifuge used could not be set exactly to 665 x G, but was set to 664 x G instead. Perhaps it could be edited in a way that this is not so obvious.
3.5.2. Talent removing supernatant and resuspends cells. Videographer: Obtain multiple reusable takes of this shot because it will be reused.
3.5.3. Talent resuspends cells in sorbitol containing Wash Buffer.

3.6. To digest the cell wall, pellet the cells again and resuspend the cells in 250 microliters of freshly prepared Lyticase (pronounce like this) solution [1]. Incubate the cells at 30 °C for 15 minutes with gentle shaking [2]. After the digestion step, wash the cells 3 times in wash buffer [3] and resuspend the cells in 250 microliters of Wash Buffer containing 1.2 molar sorbitol [4]. Videographer: This step is important!
NOTE from Videographer: 3.6.3 take 1 = 3.6.4. 
3.6.3. take 2 = 3.6.3.
3.6.1. Talent resuspends the cells in Lyticase. 
3.6.2. Cells incubating and shaking. 
3.6.3. Use 3.5.2.
3.6.4. Talent resuspends cells in sorbitol containing Wash Buffer. Videographer: This shot is important!

3.7. Add 20 microliters of resuspended cells to each poly-L-lysine coated well and allow the fixed and permeabilized cells to attach for 30 minutes [1]. Wash the wells 3 times with 50 microliters of Wash Buffer to remove non-adherent cells and proceed with the proximity ligation assay [2]. 

3.7.1. Talent adding cells to slide. 
3.7.2. Talent washing slide.
4. Proximity Ligation Assay 
4.1. Initiate the proximity ligation assay, or PLA, protocol by adding a drop of the Blocking Buffer to each well [1] and incubate the slide in a humid chamber for 30 minutes at 37 °C [2]. Remove the Blocking Buffer by placing a tissue paper at the edge of each well [3] and wash the cells twice in 100 milliliters of Wash Buffer A [4-TXT]. Videographer: This step is important!
4.1.1. Talent adding a drop of Blocking Buffer to a few wells. 
4.1.2. Use 2.2.1.
4.1.3. Talent removing buffer with the tissue. Videographer: Obtain multiple reusable takes of this shot because it will be reused.
4.1.4. Talent putting slides in staining jar with Wash Buffer A. TEXT: 5 minutes per wash Videographer: Obtain multiple reusable takes of this shot because it will be reused. 
4.2. Next, add 40 microliters of the Primary Antibody solution to each well [1] and incubate the slide for 60 minutes at 37 °C in a humid chamber [2]. Remove the primary antibody solution [3] and wash the slides twice in Wash Buffer A [4]. Videographer: This step is important! 
4.2.1. Talent adding primary antibody to a few wells. Videographer: Obtain multiple reusable takes of this shot because it will be reused. 
4.2.2. Use 2.2.1.
4.2.3. Use 4.1.3.
4.2.4. Use 4.1.4.
4.3. After the wash, add 40 microliters of the Secondary Antibody solution to each well [1] and incubate the slide for 60 minutes at 37 °C in a humid chamber [2]. Then, remove the solution [3] and wash the slides twice in Wash Buffer A [4].  
4.3.1. Use 4.2.1. 
4.3.2. Use 2.2.1.
4.3.3. Use 4.1.3.
4.3.4. Use 4.1.4.
4.4. Then, add 40 microliters of the DNA ligation mixture, which contains the connector oligonucleotides and DNA Ligase, to each well [1] and incubate the slide in the humid chamber at 37 °C for 30 minutes [2]. After incubation, remove the ligation mixture [3] and wash the slides twice with Wash Buffer A [4-TXT].
4.4.1. Use 4.2.1.
4.4.2. Use 2.2.1.
4.4.3. Use 4.1.3.
4.4.4. Use 4.1.4. TEXT: 2 minutes per wash

4.5. Add 40 microliters of DNA amplification mixture, which contains the DNA polymerase and the fluorescently labeled oligonucleotides, to each well [1] and incubate for 100 minutes in the humid chamber at 37 °C [2-TXT]. Remove the amplification mixture and wash the slides in 100 milliliters of Wash Buffer B for 10 minutes per wash [3]. 

4.5.1. Talent adding amplification mix to a few slides. 
4.5.2. Slides in the humid chamber. TEXT: Protect slides from light
4.5.3. Talent removing amplification mixture from a few wells. 
4.5.4. Talent putting slides in Wash Buffer B. 

4.6. Then, wash the slides in 100 milliliters of Wash Buffer B diluted 1 to 100 in ultrapure water [1-TXT]. Add 20 microliters of DAPI containing mounting medium per well [2], cover the wells of the slide with a coverslip [3], and seal with nail polish [4].  

4.6.1. Talent putting slides in diluted buffer. TEXT: Wash for 30 seconds
4.6.2. Talent adding DAPI to a few wells. 
4.6.3. Talent putting coverslip on slide. 
4.6.4. Talent sealing slide. 
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Section – Results
5. Results: Transiently Formed Molecular Chaperone Assemblies Captured by PLA in Prokaryotic and Eukaryotic Cells
5.1. This protocol was successfully used to monitor transient chaperone assemblies formed between distinct J-domain proteins and Hsp70 chaperone and J-domain proteins in HeLa [1], S. cerevisiae [2], and E. coli cells [3]. 
5.1.1. Figure 2. Video Editor: Emphasize 1st row of images.
5.1.2. Figure 2. Video Editor: Emphasize 2nd row of images.
5.1.3. Figure 2. Video Editor: Emphasize 3rd and 4throws of images.
5.2. Human class A and class B J-domain proteins were targeted with highly specific primary antibodies [1]. Each of the red fluorescent punctae represents a protein complex formed between two distinct J-domain proteins in HeLa cells [2]. 
5.2.1. Figure 2 A – C.
5.2.2. Figure 2 A – C. Video Editor: Emphasize 2C.
5.3. Similar mixed class J-domain protein complexes are also observed in the unicellular eukaryote S. cerevisiae, or baker’s yeast [1]. Some of the fluorescent punctae generated from PLA were more difficult to resolve as individual foci due to the small cell size [2]. 
5.3.1. Figure 2 F. 
5.3.2. Figure 2 F. Video Editor: Emphasize the red spots on the image.

5.4. Complex formation between class A and B J-domain proteins were not observed in E. coli cells, which is consistent with biochemical studies performed with purified proteins [1], but other chaperone assemblies involving J-domain proteins and the Hsp70 chaperone were captured using the PLA protocol [2]. 

5.4.1. Figure 2 G – L.Video Editor: Emphasize Figure 2 I.
5.4.2. Figure 2 G – L.Video Editor: Emphasize Figure 2 L.

5.5. Technical controls lacking a primary antibody against one of the interacting J-domain proteins or chaperones in the otherwise complete PLA reactions showed little or no fluorescence punctae formation in the cells, indicating a lack of false positive signal amplification [1]. 

5.5.1. Figure 2. Video Editor: Emphasize images 2A,B,D,E,G,H,J, and K.



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

6.1. Niels Alberts: To obtain reliable results using the Proximity Ligation Assay, verify beforehand that the antibodies used are of sufficient quality [1]. Furthermore, take precaution in avoiding over-digestion of cells containing cell walls [2].

6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
6.1.2. Use 3.6.2.
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