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A.  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)_movies-no, images-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: ____JEOL JEM-1400 Transmission Electron Microscope
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)_Yes, BLI software, small part of MS software
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) _________Steps 2.6 to 2.12 with 2.12 being the most critical (Biosensor handling to avoid tip damage. After this step the method diverges to either EM analysis or MS (Figure 5)__
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

D.  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.) ______handling the biosensor with care during transfer (step 2.12) is challenging. Experience and going slow usually ensures success._______________
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

E.  Will the filming need to take place in multiple locations? (Y/N) __Yes_____ If yes, how far apart are the locations? _In one case in a lab next to ours and in another case in buildings next to each other connected by a walkway.
1. Introduction (Experimental Goal and Author Interviews) 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this procedure is to observe the dynamic assembly of protein complexes in different pH environments using biolayer interferometry and confirm the components using electron microscopy and mass spectrometry. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Mark T. Fisher: Identifying and understanding the specificity governing protein complex assembly in vivo is of extreme interest to biochemical researchers. This methodology allows researchers to assemble, visualize, and validate predicted macromolecule complexes.  
1.2. Mark T. Fisher: The compact nature of the biosensor surface enables researchers to easily release assembled complexes into small microvolumes for electron microscopy and mass spectrometry analysis.
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Alex Machen: In this demonstration, we follow the kinetics of pH induced structural rearrangements of the anthrax toxin complex and verify these rearrangements by EM and MS methods all while avoiding aggregation.  
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.4. **Mark Fisher: Demonstrating the anthrax toxin complex assembly on the BLI biosensor sample release, and EM negative staining procedures will be Alexandra Machen [2] and Pierce O’Neil [3], graduate students from my laboratory. 
1.5. Dr. Antonio Artigues was instrumental in analyzing and identifying the BLI released microsamples using the Orbi Trap Lumos.  

1.5.1. Interview style: Author saying the above 

1.5.2. The named student looks up from workbench or desk or microscope and acknowledges the camera.
1.5.3. The named student looks up from workbench or desk or microscope and acknowledges the camera.
Protocol: (read by voice talent at JoVE)
2. Assembly of Prepore Anthrax Toxin Complex on a PDEA-modified Amine Reactive Biosensor Surface
2.1. To begin, hydrate an amine-reactive second generation BLI biosensor tip [1-WIDE] by immersing it in 250 (L of water and incubate it for 10 min [2-CU-TXT].
2.1.1. Talent at bench pipettes water with biosensor tip in frame
2.1.2. Talent dips biosensor tip into water (TEXT: AR2G)

2.2. In the BLItz software, program the step times [1-MED OVER SHOULDER], as listed in this table [2-LM].
2.2.1. Talent at BLI unit programs step times

2.2.2. LAB MEDIA Table 1, Editor, if possible, overlay this table at the bottom of the screen and scroll from top to bottom 

2.3. Start the BLI run by immersing the biosensor tip in 250 (L of water [1-CU] for 30 s to measure an initial baseline of biosensor thickness and density [2-SCREEN].
2.3.1. Talent immerses biosensor tip in water
2.3.2. SCREEN:  Authors to provide

2.4. Next, activate the biosensor by immersing the tip into 250 (L of 50 mM NHS  for 7 minutes [1-CU-TXT].
2.4.1. Talent immerses tip in NHS (TEXT: N-hydroxysuccinimide) and 200 mM EDC) (Author Comment: Note for editors: one full run of tip immersion steps was shot as a continuous shot for ease of filming. Other angles of tip immersion were then shot)
2.5. Then immerse the activated biosensor in 50 mM PDEA dissolved in 0.1 M borate buffer, pH 8.5 for 5 minutes to generate an activated thiol-reactive surface [1-CU-TXT].
2.5.1. Talent transfers the activated biosensor into PDEA/borate buffer (TEXT: 2-(2-pyridinyldithio)ethanamine)
2.6. Now, immerse the activated, thiol-reactive biosensor in 250 (L of a solution containing 100 nM E126C LFN in 10 mM sodium acetate pH 5.0, 100 mM NaCl, buffer for 5 minutes [1-CU].
2.6.1. Talent transfers biosensor to E126C LFN buffer
2.7. Immerse the LFN tip in 50 mM L-cysteine, 1 M NaCl, 0.1 M sodium acetate, pH 5.0, for 4 minutes, to quench any remaining reactive free thiol-reactive groups [1-CU].
2.7.1. Talent transfers tip to L-cysteine/sodium acetate
2.8. After immersing the quenched LFN tip in 50 mM Tris, 50 mM NaCl to establish buffer baseline [1-MED], immerse the tip into 0.5 (M protective antigen prepore, 50 mM Tris, 50mM NaCl for 5 minutes to create the LFN-PAprepore complex [2-CU-TXT].
2.8.1. Talent removes tip from Tris/NaCl
2.8.2. Talent transfers tip into PA prepore (TEXT: PAprepore)
2.9. Once PAprepore is associated, remove the tip from the PAprepore solution [1-MED/CU] and immerse the tip into 50 mM Tris, 50 mM NaCl for 30 seconds to wash away any non-specifically bound PAprepore [2-CU].
2.9.1. Talent removes tip from PA prepore

2.9.2. Talent transfers tip into Tris/NaCl

2.10. Immerse the LFN-PAprepore complex into 0.5 (M CMG2 receptor, in 50 mM Tris, 50 mM NaCl, for 5 minutes [1-CU-TXT].

2.10.1. Talent immerses complex into CMG2 receptor Tris/NaCl (TEXT: Without the transmembrane domain) 
2.11. Immerse the LFN-PAprepore-CMG2 complex into 50 mM Tris, 50 mM NaCl for 30 seconds to wash away any unbound CMG2 to form a pre-endosomal complex [1-CU].
2.11.1. Talent immerses complex in Tris/NaCl
2.12. For EM analysis, release the LFN-PAprepore-CMG2 complex from the biosensor tip by immersing the tip into a PCR tube containing 5 (L of 50 mM DTT, 50 mM Tris, 50 mM NaCl [1-ECU].

2.12.1. Talent removes biosensor from BLI and immerses tip into PCR tube with DTT, Tris, NaCl

2.13. For tandem MS analysis of the peptides from the complex, release the LFN-PAprepore-CMG2 complex from the biosensor tip by immersing the biosensor into a PCR tube containing 5 (L of 50 mM DTT, 6 M keratin-free GuHCl, and 25 mM ammonium bicarbonate pH 8.0 [1-ECU-TXT]. 

2.13.1. Talent removes biosensor from BLI and immerses biosensor into PCR tube of DTT, GuHCl, ammonium bicarbonate (TEXT: This biosensor not used for EM analysis)

3. Assembly of Pore Anthrax Toxin Complex on PDEA-modified Amine Reactive Biosensor Surface

3.1. To view the complex after pH transition, following the assembly of the LFN-PAprepore-CMG2 complex onto the biosensor as just demonstrated [1-WIDE/MED], immerse the biosensor tip into 10 mM acetate pH 5.0 for 5 minutes to initiate the transition of the PAprepore to PApore transition [2-CU-TXT]. 

3.1.1. Talent removes biosensor tip from Tris/NaCl
3.1.2. Talent immerses tip into acetate (TEXT: Refer to text protocol for additional details)
3.2. This transition is indicated by increasing amplitude followed by a larger amplitude decline that is hypothesized to be substantial for complete receptor dissociation due to diminished binding affinity [1-LM-TXT].

3.2.1. LAB MEDIA Figure 4 (TEXT: ~0.2 nm), Editor, use the text note for the increasing amplitude
3.3. For EM analysis, immerse the biosensor tip in a solution containing 1.25 mM micelles for 5 minutes to prevent aggregation in solution after disulfide release [1-MED/CU-TXT].
3.3.1. Talent immerse biosensor into micelle solution (TEXT: 2.5 mM MSP1D1, 25 mM Na-cholate, 162.5 mM POPC)
4. Identification of Released Macromolecular Assemblies from BLI Biosensors by Negative Stain Electron Microscopy and Mass Spectrometry
4.1. To carry out negative stain electron microscopy, begin by glow discharging a carbon-coated Cu 300 grid [1-MED/CU] at 0.38 mBar stable atmosphere pressure and minus 15 mAmps for 20 seconds [2-CU], then vent the device with air [2-CU] [4.1.3].
4.1.1. Talent places grid into glow discharge device and covers chamber
4.1.2. Talent sets pressure, mAMps and time
4.1.3. [Added Shot]: Talent initiated glow discharge, video of machine until it glows
4.2. Secure the grid between a pair of clean tweezers [1-CU].  Then pipette 4 (L of released complex sample onto the grid and allow adsorption for 60s [2-ECU].
4.2.1. Talent secures grid between tweezers

4.2.2. Talent pipettes released complex sample from pcr tube onto grid and it adsorbs
4.3. With a filter paper wedge, wick away the remaining liquid [1-ECU].  Then stain the grid by pipetting 5 (L of 0.75% 0.02 micron, filtered uranyl formate onto it and after 5 seconds, wick away the excess stain [2-ECU]. 
4.3.1. Talent wicks away remaining liquid
4.3.2. Talent pipettes uranyl formate onto grid, waits, then wicks it away
4.4. Allow the grid to dry at room temperature [1-MED/CU].  Then use a transmission electron microscope to view the sample [2-MED].
4.4.1. Talent sets grid to dry at RT
4.4.2. Talent at microscope inserts grid into air lock, waits for vacuum, and then fully inserts holder into microscope chamber and starts to examine sample
4.5. Finally, after preparing samples for mass spectrometry according to the text protocol [4.5.0], operate the mass spectrometer using CID and a normalized collision energy of 35 under automatic control to continuously perform one MS scan followed by as many tandem MSMS scans as possible in a 3 s period [1-CU].
4.5.0. [Added Shot]: Talent loads samples for MSMS
4.5.1. Talent sets CID and collision energy and automatic control
5. Results: Analysis of Dynamic Protein Complexes by Biolayer Interferometry, Electron Microscopy, and Mass Spectrometry 
5.1. The BLI sensogram trace is a real-time read out of the amplitude changes due to the specific addition of the anthrax toxin components.  The first rise is LFN loading onto the tip. After quenching and baseline, PAprepore binds to LFN followed by the addition of soluble CMG2 receptor resulting in the assembled pre-endosomal complex [1-LM].
5.1.1. LAB MEDIA, 57902fig3.jpg, Editor, begin with the trace without the models up above or the text at the top of the trace.  Then for the second sentence, add in the LFN loading model and text.  For quenching and baseline, add in the text ‘Cysteine quench.’  Then add in the PA binding model and text and then the CMG2 binding text and model.
5.2. The complex is then subjected to low pH that weakens receptor binding and results in the prepore transitioning to its extended prepore conformation that is confirmed by the addition of micelles [1-LM].
5.2.1. LAB MEDIA 57902fig3.jpg, Editor, for the low pH, add in the Acidification text and model and then add in the Micelle binding text and model for the end of the sentence.
5.3. Shown here are negative stain EM images of complexes upon release from the biosensor.  Pre-endosomal sample grids show densities consistent with intact ternary complexes consisting of LFN-PAprepore-CMG2. Post-acidification complex grids show PA transitioned to pore and solubilized by micelle inclusion, with no obvious CMG2 density [1-LM]. 
5.3.1. LAB MEDIA 57902fig6.jpg, Editor, add in the gray circles and the left hand text and models.  Then for the second sentence, add in the label on the right side for the top two rows of circles.  For the last sentence, add in the bottom right label for the bottom two rows of circles.
5.4. As seen by MS which confirmed the protein complexes, pre-endosomal MS samples contained peptides from all three toxin components with 60.46, 67.97, and 54.15% coverage for LFN, PA, and CMG2, respectively [1-LM].
5.4.1. LAB MEDIA 57902fig7.jpg, Editor, begin with the three rectangles on the right along with the models on the left.  Then, for ‘pre-endosomal MS samples,’ add in the three colored arrows from top to bottom.  Then add in the Coverage values for each sample when they are mentioned.
5.5. Post-endosomal samples only contained peptides from LFN and PA.  The lack of CMG2 is consistent with the observed BLI nm decrease during pore formation [1-LM].
5.5.1. LAB MEDIA 57902fig8.jpg, Editor, begin with the top two rectangles and all three models on the left, and bottom text and add the two arrows at the end of the sentence.  Then for the second sentence, add in the bottom, dotted rectangle and text.
6. Conclusion (said by authors on camera)
6.1. Alex Machen: The ability to monitor and validate the assembly of large macromolecular complexes is a crucial step towards understanding the specificity and functionality of large biomolecular assemblies.
6.2. Alex Machen Pierce O’Neil: The ability to release assembled macromolecule complexes from biosensors into micro-volumes for visualization will be helpful for the electron microscopy field.
6.3. Antonio Artigues: Our analysis of the the biosensor assembled complexes composition only used 0.04 femtomoles of the released complex to identify the components before and after simulated endosomal acidification. 
6.4.  Mark Fisher: This biosensor assembly release protocol can be adapted to follow natural but elusive pH induced endosomal transitions of other bacterial toxins and viral protein structures, with the bonus of avoiding protein aggregation.
Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.

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.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.
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