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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)___N/A____  
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: _____________________________________________
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__Yes___ 
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.) ___2.3 – 2.4, 3.1 – 3.3, 4.3 – 4.4, 5.5______________________________
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.) ___2.2, 5.5_____________________
E.  Will the filming need to take place in multiple locations? (Y/N) __Yes__ If yes, how far apart are the locations? ____300 meters_________________

1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A. Experimental Goal: (read by voice talent at JoVE)

The goal of this experiment is to replace a canonical amino acid by a non-canonical amino acid for recombinant protein production by selective pressure incorporation to produce the novel ‘gold’ fluorescent protein.

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Nediljko Budisa: The method of selective pressure incorporation helps to produce proteins with novel functionalities, which can help when attempting to understand or engineer protein function.
1.2. Thomas Friedrich: The main advantage of this technique is that it is relatively simple to conduct, since it is similar to common recombinant protein expression.
1.3. Franz-Josef Schmitt: Time- and wavelength- correlated fluorescence is helpful when investigating the excited state dynamics of the modified fluorescent protein, which in turn makes it easier to understand the influence of the ncAA within the chromophore on spectroscopic properties.

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.4. Tobias Baumann: SPI can, in principle, be applied to any protein expression setting for which auxotrophic strains and chemically defined media are established, including other microorganisms or even mammalian cell culture.
1.5. Georg Johannes Freiherr von Sass: Timing and the setup of expression conditions are critical, since it is mandatory to suppress production of the non-modified wild-type protein. Certain parameters such as temperature, time of induction and cultivation medium composition need to be optimized, accordingly.
1.6. Nediljko Budisa: We first had the idea for this method when we initially established protein crystallography based on incorporation of labeled amino acids such as seleno-methionine.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.7. ** Nediljko Budisa: Demonstrating the procedure will be Almut Pelzer, a student from my laboratory [1.8.2]. 
1.7.1. Interview style: Author saying the above 
1.7.2. Almut Pelzer looks up from workbench or desk and acknowledges the camera.
1.7.3. Dr. Tobias Baumann looks up from workbench or desk and acknowledges the camera.

Protocol: (read by voice talent at JoVE)

[bookmark: _GoBack](Editor: The authors moved several shots, but made a point to change both the shot numbers and the notations in the narration. I’m not sure how things were actually slated, so there may be some discrepancies, but I’ve left their new numbering since they seemed very specific about it. I have also omitted some of the narration changes the authors wanted to make if the viewer was being referred to the text for that information)
2. Recombinant Protein Expression
2.1. To begin this procedure, transform tryptophan-auxotrophic E. coli cells and induce target protein expression as outlined in the text protocol [1-WIDE-TXT]. The next day, inoculate 100 mL of supplemented NMM19 (pronounce “N-M-M-nineteen”) medium using 1 mL of the overnight culture in a 1 L Erlenmeyer flask [2-MED-over the shoulder-TXT]. Then, incubate the culture overnight in an orbital shaker at 200 rpm and 30 °C [3-MED].
2.1.1. Establishing shot of the talent approaching the bench with transformed/induced cells the overnight culture in hand. TEXT: E. coli strain WP2 transformed with plasmid pQE-80L His6-ECFP Alternatively, any action performed during either the cell transformation or protein induction can be filmed for this step. (Editor: The authors wanted to include all of the information for transforming and inducing the cells here. But this information wasn’t listed as “critical” to show in the manuscript and they did not provide a shot long enough for the lengthy VO they added. I’ve removed it again because referring the viewer to the text overlay should be sufficient. They may asked to have this changed back, but since they didn’t make this change while editing the original script and didn’t take additional shots for these actions, I don’t think that’s possible)
2.1.2. Talent, holding a 1 L Erlenmeyer flask containing 100 mL of supplemented medium, inoculates that medium. TEXT: For details on medium composition, see text protocol.
2.1.3. Talent places the 1 L Erlenmeyer flask in an orbital shaker.
2.2. The next day, measure the optical density at 600 nm every 30 min, until the value changes by less than 0.05 over 30 min [1-MED-over the shoulder-TXT]. Next, centrifuge the culture at 5000 x g and 4 °C for 10 min to harvest the bacterial cells [2-MED]. Discard the supernatant by decanting [3-CU].
2.2.1. Talent reviews collected optical density data. This can be done either by showing the Talent measuring the optical density directly, or by having them review this data on a workstation computer. TEXT: Plateau value ≈ 1
2.2.2. Talent places the flask tube containing the bacterial culture into the centrifuge, and then turns the centrifuge on.
2.2.3. Close up shot of the supernatant being discarded. (Author Comment: Take2: Pellet close)
2.3. Re-suspend the cells in NMM19 medium supplemented with ampicillin, to a total volume of 100 mL [1-MED-over the shoulder]. Transfer this suspension back to the same Erlenmeyer flask [2-MED]. Add 4-amino-indole to a final concentration of 1 mM [3-MED-TXT]. Incubate in an orbital shaker for 30 min at 30 °C and 200 rpm [4-MED].
2.3.1. Talent uses 10 mL of supplemented NMM19 medium to re-suspend the cell pellet.
2.3.2. Talent transfers the suspension to a new 100 mL the Erlenmeyer flask, and then begins to add the 4-amino-indole. The addition of 4-amino-indole does not need to be shown in its entirety. TEXT: Use a 50 mM stock solution of 4-amino-indole
2.3.3. [Added Shot]: CU: Talent adds 4-amino-indole. TEXT: Use a 50 mM stock solution of 4-amino-indole
2.3.4. Talent places the flask into an orbital shaker.
2.4. After 30 min, add IPTG (pronounce “I-P-T-G”) to the culture to a final concentration of 0.5 mM, to induce target gene expression [1-MED-over the shoulder-TXT]. Incubate overnight in an orbital shaker at 30 °C and 200 rpm [2-CU].
2.4.1. Talent adds IPTG to the culture. TEXT: IPTG: Isopropyl β-D-1-thiogalactopyranoside. Use a 1 M stock solution
2.4.2. A close up shot of the flask in the shaker, if it can be clearly filmed. Alternatively, a shot similar to 2.3.3 – but from a different angle – would work. Do not reuse 2.3.3 here.
2.5. The next day, harvest the bacterial cells by centrifuging at 5000 x g and 4 °C for 10 min [1-MED-over the shoulder]. Discard the supernatant by decanting [2-MED].
2.5.1. Talent places the conical centrifuge tube containing the bacterial cell culture into the centrifuge, and then turns the centrifuge on.
2.5.2. Talent discards the supernatant.
2.6. [1-CU] Freeze the cell pellet at -20 °C or -80 °C, until ready to perform target protein purification [2-MED-over the shoulder].
2.6.1. Close up shot of the cell pellet being transferred from the flask to the conical tube. Alternatively, if this cannot be filmed clearly in CU, film as a MED shot instead.
2.6.2. Talent transfers the tube – containing the cell pellet – to the -20 °C freezer. 

3. Target Protein Purification via Immobilized Metal Ion Affinity Chromatography 
3.1. First, prepare the bacterial cell lysate as outlined in the text protocol. [1-MED/WIDE]. After preparing the chromatography column according to the manufacturer’s instructions, use binding buffer to equilibrate the immobilized metal ion affinity chromatography column [2-over the shoulder] [1-MED]. Load the lysate on the column [2-MED] until completion [3-MED]. 
3.1.1. Establishing shot of the talent lysing the bacterial cells. Any step in the process will suffice. Alternatively, the talent can be filmed approaching the bench with a vessel of previously lysed cells in hand. Talent uses binding buffer to equilibrate the column. Since this action should be very short, and the voice-over for this step is long, I suggest filming any column set up that occurs immediately before this step. (Author Comment: USE TAKE 2!)
3.1.2. Talent uses binding buffer to wash the column. Since this action should be very short, and the voice-over for this step is long, I suggest filming any column set up that occurs immediately before this step. Talent connects the cell lysate sample to the system and starts the peristaltic pump
3.1.3. [Added Shot]: CU/jump cut: Lysate loading is finished
3.2. [1-MED] Wash the column with binding buffer [2 1-MED-over the shoulder]. Then, elute the target protein using elution buffer [3 2-MED-TXT].
3.2.1. Talent loads the lysate onto the column. Talent washes the column with binding buffer.
3.2.2. Talent washes the column with binding buffer. Talent adds elution buffer to the column. TEXT: For details on buffer composition, see text protocol.
3.2.3. Talent adds elution buffer to the column. TEXT: For details on buffer composition, see text protocol.
3.3. Collect and pool any eluted fractions that contain gold fluorescent protein [1-MED-TXT], which can be identified by the visible golden color [2-CU/ECU]. 
3.3.1. Talent collects a fraction that contains gold fluorescent protein. TEXT: GdFP: Gold fluorescent protein. Video Editor: Please keep this text overlay up for all of 3.3
3.3.2. Close up or extreme close up shot of the pooled fraction, showing the visible golden light green color.
3.4. After this, prepare a dialysis membrane with a molecular weight cutoff between 5,000 and 10,000 according to the manufacturer’s instructions [1-MED-TXT]. Dialyze a 1 mL sample [2-CU-TXT] against at least 100 mL of buffer for a minimum of 2 h [3-CU]. 
3.4.1. Talent places a fills the prepared dialysis membrane with the protein sample. on the bench, and then begins preparing it according to the instructions. Alternatively, any action during the preparation of the dialysis membrane can be used here. TEXT: JoVE Science Education Database (2018). (Author Comment: Full citation information: JoVE Science Education Database. Biochemistry. Dialysis: Diffusion Based Separation. JoVE, Cambridge, MA, (2018).)
3.4.2. Talent places the dialysis sample into the buffer solution on ice. Shot of the dialysis membrane as the sample is being dialyzed. Alternatively, the talent can add the sample and then  Set a timer for 2 hours as a MED-over the shoulder shot. TEXT: Use either dialysis buffer or MS buffer. Dialyze 3 times.
3.4.3. [Added Shot]: Talent puts membrane in buffer

4. Intact Protein Mass Analysis by High-Performance Liquid Chromatography Coupled to Electrospray Ionization Time-of-flight Mass Spectrometry
4.1. To begin, use MS buffer to dilute the protein sample to 0.1 mg/mL such that the final volume is 80 µL [1-MED-over the shoulder]. Pipette carefully to mix [2-CU]. Transfer the solution to an MS autosampler vial with glass insert, and close it with a cap [3-MED-TXT].
4.1.1. Talent dilutes the protein sample with MS buffer. TEXT: Dilute to 0.1 mg/mL in MS buffer
4.1.2. Close up shot of the sample being mixed by pipetting. Alternatively, if this action cannot be captured in CU or ECU, instead film the talent mixing as a MED shot.
4.1.3. Talent transfers to solution to an MS autosampler vial with glass insert, and then closes the vial with a cap.
4.2. Flick the vial to remove air bubbles [1-CU]. Next, prepare a blank containing MS buffer in a second vial [2-MED/WIDE]. Put both vials into the HPLC autosampler [4.2.3]. 
4.2.1. Close up shot of the vial being flicked to remove the air bubbles. Alternatively, if this cannot be filmed as a CU, film the action as either a MED or MED-over the shoulder.
4.2.2. Talent prepares a blank. Alternatively, any action taken for either preparing the blank or calibrating the device can be filmed for this shot.
4.2.3. [Added Shot]: Talent puts vials into MS autosampler.
4.3. After this, prepare and calibrate the MS instrument according to manufacturer’s instructions [1-SCREEN]. Create an instrument worklist covering injection runs of the blank and GdFP sample. Set the autosampler injection volume to 5 µL for the high-performance liquid chromatography coupled to electrospray ionization time-of-flight mass spectrometry method [2-SCREEN].
4.3.1. *To be provided by authors. Following the manufacturer’s instructions, the MS instrument is prepared and calibrated. TEXT: LC-ESI-TOF-MS: high-performance liquid chromatography coupled to electrospray ionization time-of-flight mass spectrometry
4.4. Create a worklist for the blank run followed by the GdFP sample run. Assign the injection volume, the corresponding autosampler vial positions, and run the worklist [1-SCREEN].
4.4.1. *To be provided by authors: Show the actions mentioned above. An establishing shot of the talent at a workstation computer could be filmed for the first sentence if necessary. A worklist for MS is created. Blank and GdFP sample injections runs, vial positions and injection volumes are programmed. Finally, the worklist is started.
5. Fluorescence Lifetime Measurements and Decay-Associated Spectra of GdFP 
5.1. To begin, prepare a gold fluorescent protein solution [1-MED/WIDE] and the detector for time- and wavelength-correlated single photon counting [2-CU] as outlined in the text protocol [3-CU].
5.1.1. Establishing shot of the talent approaching the detector for time- and wavelength-correlated single photon counting with a vessel of gold fluorescent protein solution in hand. Alternatively, any action taken while preparing the detector can be filmed for this shot.
5.1.2. [Added Shot]: Talent fills GdFP into the cuvette
5.1.3. [Added Shot]: Talent places the cuvette in holder of the detector
5.2. Using single photon counting software, acquire fluorescence emission at a count rate of about 200,000 photons per second, until approximately 10,000 counts are accumulated in the acquisition maximum of the fluorescence decay curves [1-SCREEN-TXT].
5.2.1. *To be provided by authors: A screen capture of these settings being inputted and the fluorescence emission being acquired. TEXT: Count rate: 200 x 103 photons/s, Desired number of counts: 104 Time- and wavelength correlated fluorescence signal.
5.3. After this, replace the sample cuvette with a 1 cm quartz cuvette filled with colloidal silica in PBS buffer [1-MED-TXT].
5.3.1. Talent removes the sample cuvette and replace it with a 1 cm quartz cuvette. TEXT: Colloidal silica: 1 g/L, in PBS buffer, pH 7
5.4. Take out the laser filter, and adjust the grating for the acquisition of 470 nm photons in the central channel of the detector [1-MED-over the shoulder]. Then, acquire the instrumental response function until approximately 10,000 counts are accumulated in the emission maximum [2-SCREEN-TXT].
5.4.1. Talent adjusts the grating for the acquisition of 470 nm photons in channel 8 of the 16-channel TWCSPC detector.
5.4.2. *To be provided by authors: Screen of the instrumental response function being acquired. TEXT: IRF: Instrumental response function
5.5. Convert, fit, and plot the resulting data as outlined in the text protocol to obtain the decay-associated spectra, which represents the dependence of the fluorescence decay times on the emission wavelength.
5.5.1. *To be provided by authors: Screen capture of the decay-associated spectra being plotted.

6. Results: Gold Fluorescent Protein Analysis by Mass Spectrometry and Fluorescence 
6.1. In this study, mass spectrometry is used to confirm that the spectrally red-shifted green fluorescent protein-type fluorophore variant – termed “gold fluorescent protein” – is produced successfully [1-LM]. While wild-type ECFP (pronounce “E-C-F-P”) has a calculated protein mass of 28,283.9 Da after the chromophore maturation, the corresponding mass of gold fluorescent protein is 28,313.9 Da [2-LM].
6.1.1. LAB MEDIA: 57017_Friedrich_Figure_1.tif: Show the main plot with the legend only (hide the plot in the upper right corner).
6.1.2. LAB MEDIA: 57017_Friedrich_Figure_1.tif: Highlight/stress the black data set, show text near the black peak saying “28,283.9 Da”, and show text near ECFP saying “Enhanced ‘Cyan’ Florescent Protein” during “While wild-type ECFP has a calculated protein mass of 28,283.9 Da after the chromophore maturation...”. Hightlight/stress the gold data set, and show text near the gold peak saying “28,313.9 Da” during “…the corresponding mass of gold fluorescent protein is 28,313.9 Da”.
6.2. The deconvoluted ESI-MS spectrum of gold fluorescent protein exhibits a main mass peak at approximately 28,314.1 Da, deviating from the theoretical value by less than 10 ppm. This confirms the incorporation of the non-canonical amino acid by selective pressure incorporation [1-LM].
6.2.1. LAB MEDIA: 57017_Friedrich_Figure_1.tif: Show the inlay plot in the upper right corner. Show text near the peak in the inlay plot saying “28,314 Da”.
6.3. The absorption spectrum of ECFP is seen to have two characteristic maxima at 434 nm and 452 nm [1-LM]. In contrast, gold fluorescent protein is characterized by one broad, red-shifted absorption band, with the maximum at 466 nm [2-LM]. While the absorption of EGFP is seen to be further red-shifted – at 488 nm – the larger Stokes shift of gold fluorescent protein signifies that it is the most red-shifted of all the derivatives from Aequorea victoria (pronounce “E-core-E-ah victoria”) green fluorescent protein [3-LM].
6.3.1. LAB MEDIA: 57017_Friedrich_Figure_3.tif: Show only Figure 3C. Hide the sub-figure label “C”. Highlight/stress the peaks in the light blue data set (for ECFP) during “…two characteristic maxima at 434 nm and 452 nm.”
6.3.2. LAB MEDIA: 57017_Friedrich_Figure_3.tif: Still show only Figure 3C. Highlight/stress the peak (or the whole data set) for the orange data.
6.3.3. LAB MEDIA: 57017_Friedrich_Figure_3.tif: Still show only Figure 3C. Highlight/stress the peak (or the whole data set) for the green data during “While the absorption of EGFP is seen to be further red-shifted – at 488 nm…”. Highlight/stress the orange data set and show text near the light blue data set saying “41 nm”, near the green data set saying “20 nm”, and near the orange set saying “108 nm” during “…the larger Stokes shift of gold fluorescent protein signifies that it is the most red-shifted of all the green fluorescent protein derivatives investigated here”
6.4. The time resolved fluorescence emission monitored by single photon counting is shown here [1-LM]. The decay curves exhibit a slightly faster fluorescence decay at 600 nm than at 550 nm [2-LM].
6.4.1. LAB MEDIA: 57017_Friedrich_Figure_4.tif: Show only Figure 4A. Remove the sub-figure label text “A”.
6.4.2. LAB MEDIA: 57017_Friedrich_Figure_4.tif: Still show only Figure 4A. Highlight/stress the red data set (for 600 nm) during “…slightly faster fluorescence decay at 600 nm than at 550 nm.”
6.5. The fluorescence emission of gold fluorescent protein strongly depends on pH, as is typical for many green fluorescent protein variants [1-LM]. As seen here, there is a clear decrease in the fluorescence at lower pH, though the spectral characteristics stay constant [2-LM].
6.5.1. LAB MEDIA: 57017_Friedrich_Figure_4.tif: Show only Figure 4B. Remove the sub-figure label text “B”.
6.5.2. LAB MEDIA: 57017_Friedrich_Figure_4.tif: Still show only Figure 4B. Illustrate that the fluorescence is decreasing as the pH decreases (the peaks indicating fluorescence get smaller as the pH decreases). Some motion signifying this through the peaks would be great.


7. Conclusion (said by authors on camera)

7.1. Georg Johannes Freiherr von Sass: Once mastered, this technique can be done in 3 days when starting with transformed bacterial colonies or from frozen glycerol stock.
7.2. Tobias Baumann: While attempting this procedure, it’s important to ensure that the targeted amino acid is depleted. It is also important that the ncAA is taken up by the cell, biocompatible, stable and incorporated into the target protein by the chosen auxotrophic host.
7.3. Franz-Josef Schmitt: Following this procedure, a large variety of protein variants can be generated for engineering purposes. Depending on the target protein, methods like enzymatic activity assays, protein crystallography, fluorescence spectroscopy, protein stability analysis can be performed in order to delineate the impact of the ncAA on structural or functional properties.
7.4. Nediljko Budisa: After its development, this technique paved the way for researchers in the field of Synthetic Biology to explore and analyze new-to-nature proteins. It expands the capabilities and chemical repertoire of protein engineering.
7.5. Thomas Friedrich: After watching this video, you should have a good understanding of how to incorporate ncAAs into recombinant proteins by SPI, how to verify amino acid substitutions by mass spectrometry, and how to analyze fluorescent protein properties by time-resolved fluorescence.


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.
4.4 – 57017_Friedrich_Screen_Capture_MS.mp4
5.2, 5.4, 5.5 – 57017_Friedrich_Screen_Captures_Fluorescence.mp4



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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