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Introduction
1. Introductory Interview Statements

Videographer: Obtain headshots for all authors. 

REQUIRED:  
1.1. Linda J. Kenney:  Our protocol overcomes the limitations of other labeling strategies that often can disrupt protein function.

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. B-roll: LAB MEDIA: Figure 5. 


1.2. Linda J. Kenney: GCE enables us to site-specifically label proteins of interest; organic fluorophores are much smaller compared to fluorescent proteins; this approach reduces the potential negative impact of the fluorescent tags on the structure and function of proteins we want to image.

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. B-roll: LAB MEDIA: Figure 6.


OPTIONAL: 
1.3. Linda J. Kenney: This method can be applied to any other system. For example, we have used it to label the Zika virus coat protein, and we can produce a fluorescent virus and examine its uptake in host cells. We also labeled small proteins that would not tolerate fluorescent fusion proteins or labels at either N- or C-termini. 

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. B-roll: 2.2.1.






Introduction of Demonstrator on Camera

1.4. Linda Kenney: Demonstrating the procedure will be Kiran Singh, a Postdoctoral Research Fellow from my laboratory.   
1.4.1. INTERVIEW: Author saying the above. 
1.4.2. The named demonstrator(s) looks up from workbench and acknowledges the camera.

1.5. 

Protocol
2. Expression of ncAA-Bearing Proteins in Salmonella
2.1. To begin, transfer 100 microliters of primary culture into 5 milliliters of LB (L-B) medium containing 35 micrograms per milliliter chloramphenicol and 100 micrograms per milliliter ampicillin [1]. Incubate at 37 degrees Celsius with shaking at 250 rpm until OD600 (optical density at 600 nanometers) reaches 0.6 [2].
2.1.1. Talent transferring primary culture into LB medium containing chloramphenicol and ampicillin.
2.1.2. Talent placing the culture plate or a tube in an incubator on a shaker.
2.2. Replace the LB medium with the modified N-minimal medium supplemented with 1 millimolar TCO, a non-canonical amino acid [1-TXT] and grow the bacteria at 34 degrees Celsius for 30 minutes [2]. Add 0.2% arabinose, 25 milligrams per milliliter of chloramphenicol, and 100 milligrams per milliliter of ampicillin [3], and grow the cells for another 6 hours, shaking at 250 rpm [4]. Videographer: This step is important!
2.2.1. Talent replacing the LB medium with MgM supplemented with TCO*A. TXT: See the text for the preparation of TCO*A
2.2.2. Talent placing the plate or the tube in an incubator.
2.2.3. Talent adding arabinose, chloramphenicol, and ampicillin.
2.2.4. Talent placing the plate or a tube in an incubator on a shaker.
2.3. After 6 hours, wash the bacteria 4 times over an interval of 30 minutes with fresh MgM (M-G-M) media without non-canonical amino acids or ncAA (N-C-A-A) [1-TXT]. 
2.3.1. Talent washing the bacteria with fresh MgM media without ncAA. TXT: MgM: Modified N-minimal medium, pH 5.6 ; Use 972 × g rpm for 15 min at RT
2.4. Centrifuge the bacteria [1], resuspend in 1x (one-X) PBS buffer [2], and incubate for 1 hour at 4 degrees Celsius in the dark to remove excess ncAAs [3]. 
2.4.1. Talent placing the tube in a centrifuge.
2.4.2. Talent suspending the pellet in PBS.
2.4.3. Talent placing the tube in an incubator.
2.5. After 1 hour, centrifuge the bacteria at 3,000 g for 15 minutes at 4 degrees Celsius and store them for further use. For a control experiment, repeat the same experiment by expressing ncAA-bearing proteins in the absence of ncAA [1].
2.5.1. Talent placing the tube in a centrifuge.
3. In vitro Fluorescence Labeling of ncAA-Bearing Proteins in Salmonella Typhimurium
3.1. Resuspend Salmonella cells expressing SseJ-F10TCO-HA (S-S-E-J incorporated with T-C-O) in the absence or presence of TCO in 1x PBS [1]. Adjust the optical density at 600 nanometers to 4 in PBS [2] and incubate the cells with 20 micromolar Janelia Fluor 646-tetrazine or 20 micromolar BDP-Fl-tetrazine (B-D-P F-L tetrazine) at 37 degrees Celsius in the dark and shake for 1 to 2 hours at 250 rpm [3]. Videographer: This step is important!
3.1.1. Talent suspending Salmonella cells expressing SseJ-F10TCO-HA.
3.1.2. Talent adjusting the OD600 t1o 4 in PBS.
3.1.3. Talent placing the cells in an incubator on a shaker and adding Janelia Fluor 646-tetrazine and BDP-FL-tetrazine.
3.2. Pellet the cells and wash it 3 to 4 times with PBS containing 5% DMSO (D-M-S-O) and 0.2% Pluronic F-127 [1]. Resuspend the pellet in PBS containing 5% DMSO [2]. After incubating overnight at 4 degrees Celsius in the dark, wash twice again with 1x PBS [4-TXT].
3.2.1. Talent washing the cell pellet with PBS containing DMSO and Pluronic F-127.
3.2.2. Talent suspending the cells in PBS containing DMSO.
3.2.3. Talent washing the cells with PBS. TXT: Use 972 × g rpm for 15 min at RT
3.3. Image the cells immediately using a confocal microscope or fix them with 1.5% paraformaldehyde in PBS for 30 to 45 minutes at room temperature in the dark [1].
3.3.1. SCREEN: To be provided by authors: Talent imaging the cells using a confocal microscope.
Authors: Please record screen capture videos for all SCREEN shots and upload them to your project page: https://review.jove.com/account/file-uploader?src=19636558

4. Bio-Orthogonal Labeling of Salmonella Secreted Effector SseJ-F10TCO-HA in HeLa Cells
4.1. Culture and maintain HeLa (He-La) cells at 37 degrees Celsius, 5% carbon-di-oxide, and 95% humidity in high-glucose DMEM (D-M-E-M), supplemented with 10% FBS in addition to Penicillin-Streptomycin [1-TXT].
4.1.1. Talent placing the HeLa cells in an incubator. TXT: DMEM: Dulbecco’s modified eagle medium
4.2. Culture bacteria 1 day before infection and inoculate a single colony of wild type Salmonella harboring pEVOL (Pe-Vol) plasmid containing orthogonal tRNA-synthetase pair and pWSK29 (P-W-S-K-twenty-nine) plasmid containing sseJ (S-S-E-J) gene in 5 milliliters of antibiotic-containing standard LB broth overnight at 37 degrees Celsius with shaking at 250 rpm [1-TXT].
4.2.1. Talent inoculating bacteria colony in antibiotic-containing LB broth inside an incubator. TXT: pWSK29 plasmid contain sseJ gene with amber stop codon at position 10
4.3. Prepare a diluted cell stock at hundred-thousand cells per milliliter [1] and seed fifty thousand HeLa cells per well in 500 microliters of DMEM containing 10% FBS growth medium in an eight-well chamber slide [2]. Keep the chamber slide in an incubator for 24 hours [3-TXT].
4.3.1. The cell stock.
4.3.2. Talent seeding HeLa cells in DMEM plus FBS growth medium in an eight-well chamber slide.
4.3.3. Talent placing the chamber slide in an incubator. TXT: 37 °C, 5% CO2, 95% humidity, 24 hours
4.4. For the bacterial infection, subculture wild type Salmonella harboring pEVOL plasmid and pWSK29 plasmid containing sseJ gene, by diluting 100 microliters of overnight bacterial culture into 3 milliliters of LB medium containing 35 micrograms per milliliter chloramphenicol and 100 micrograms per milliliter ampicillin [1].
4.4.1. Talent diluting bacterial culture into LB medium containing chloramphenicol and ampicillin. TXT: pEVOL plasmid contains orthogonal tRNA/synthetase pair ; pWSK29 plasmid contains sseJ gene with amber stop codon at position 10
4.5. Incubate at 37 degrees Celsius with shaking at 250 rpm for 5 to 7 hours [1]. To initiate the HeLa cell infection, after taking out the HeLa cells from the incubator, wash the cells with prewarmed DPBS (D-P-B-S) [2] and add 500 microliters of fresh DMEM containing 10% FBS to each well. Place the chamber slide back in the carbon-di-oxide incubator until the infection begins [3].
4.5.1. Talent placing the culture in an incubator.
4.5.2. Talent washing the cells with DPBS.
4.5.3. Talent adding DMEM to the well.
4.6. After 5 to 7 hours of incubation, dilute the Salmonella culture so that the optical density at 600 nanometers is 0.2 in 1 milliliter of DMEM growth medium [1] and add the requisite amounts of the Salmonella inoculum in each well of the chamber slide so that the multiplicity of infection is 100 [2]. Videographer: This step is important! 
4.6.1. Talent diluting the Salmonella culture in DMEM growth medium.
4.6.2. Talent adding the Salmonella inoculum in the well of the chamber slide.
4.7. After incubating the infected cells in a carbon dioxide incubator for 30 minutes, wash the cells three times with prewarmed DPBS to remove extracellular Salmonella [1]. Set this time point to 0 hours post-infection and add 500 microliters of complete medium containing 100 micrograms per milliliter of gentamicin for 1 hour [2].
4.7.1. Talent washing the cells with DPBS.
4.7.2. Talent adding complete medium containing gentamicin.
4.8. After incubation, again, wash the cells three times with DPBS as shown earlier and add 500 microliters of the complete medium supplemented with 0.2% arabinose, 10 micrograms per milliliter of gentamicin to each well of the chamber slide. In a control experiment, perform similar infections of HeLa cells without TCO [2]. 
4.8.1. Talent adding the complete medium to the wells of the chamber slide.
4.9. After Incubating the chamber slide for 10 hours in the carbon-di-oxide incubator, replace the complete medium with fresh complete medium without TCO [1] and wash the HeLa cells 4 times over an interval of 30 minutes each with prewarmed DPBS [2].
4.9.1. Talent replacing the complete medium with fresh complete medium without TCO*A.
4.9.2. Talent washing the HeLa cells with DPBS.
4.10. Then, wash the cells with fresh complete medium without TCO [1]. After 12 hours post-infection, aspirate off the medium from the cells [2] and wash the cell with prewarmed DPBS twice or three times [3].
4.10.1. Talent washing the cells with fresh complete medium without TCO*A.
4.10.2. Talent aspirating off the medium from the cells.
4.10.3. Talent washing the cell with DPBS.
4.11. In one group of wells, add 500 microliters of the dye solution mixture one [1-TXT], and in another group of wells of the same chamber slide, add 500 microliters of the dye solution mixture two [2-TXT]. Place the chamber slides back into the carbon-di-oxide incubator for 1.5 to 2 hours [3]. Videographer: This step is important!
4.11.1. Talent adding the dye solution mixture one to the well. TXT: See the text for dye solution mixture 1
4.11.2. Talent adding the dye solution mixture two to the well. TXT: See the text for dye solution mixture 2
4.11.3. Talent placing the chamber slides into the incubator.
4.12. After 13.5 to 14 hours post-infection, rinse the HeLa cells twice with prewarmed DPBS [1] and add 500 microliters of fresh DMEM supplemented with FBS [2]. After incubating for 30 minutes, wash the cells again with prewarmed DPBS, as shown earlier, and then wash with fresh DMEM 4 times over an interval of 30 minutes [3]. Videographer: This step is important!
4.12.1. Talent rinsing the HeLa cells with DPBS.
4.12.2. Talent adding fresh DMEM supplemented with FBS.
4.12.3. Talent washing the cells with DMEM.
4.13. At 16 hours post-infection, fix the HeLa cells with paraformaldehyde by adding 200 microliters of 4% paraformaldehyde to each well and incubating for 10 minutes at room temperature in the dark [1]. Aspirate off the paraformaldehyde [2], rinse 3 times with PBS, and store the cells in PBS at 4 degrees Celsius in the dark [3].
4.13.1. Talent adding paraformaldehyde to each well.
4.13.2. Talent aspirating off the paraformaldehyde.
4.13.3. Talent rinsing the cells with PBS.

5. Super-Resolution (dSTORM) Imaging
5.1. Bring the cells to the microscope [1-TXT] and place the imaging chamber on the microscope stage in the sample holder [2-TXT]. Then, change the medium in the well with 0.4 milliliters of the freshly made GLOX-BME (Glox-B-M-E) imaging buffer [3-TXT].
5.1.1. Talent placing the cells in the microscope. TXT: Turn on the microscope 3 h before imaging ; Cool the camera to -70 °C 
5.1.2. Talent placing the imaging chamber on the microscope stage in the sample holder. TXT: Make sure the sample is flat and secure
5.1.3. Talent changing the medium in the well with GLOX-BME imaging buffer. TXT: Set the correct laser line and filter sets
5.2. Decrease the laser power to around 1 milliwatt to identify a HeLa cell of interest and adjust the focal plane and laser beam angle while illuminating the sample with low 647 nanometers laser densities. Adjust the HILO (H-I-L-O) illumination angle [1]. 
5.2.1. SCREEN: To be provided by authors: The laser power being decreased, the HeLa cell of interest being identified, and the focal plane, laser beam angle, and the HILO illumination angle being adjusted. 
5.3. Capture a reference diffraction-limited image of the target structure and switch the fluorophores to the dark state by turning the laser to its maximum power [1]. Set the preamplifier gain to 3 and activate the frame transfer. Then, set EM-gain to 200 for higher sensitivity in dSTORM (D-storm) measurements [2].
5.3.1. SCREEN: To be provided by authors: A reference diffraction-limited image of the target structure being captured. 	Comment by Kiran Singh, Moirangthem: 5.3.1 and 5.3.2 are merged together as they are in same video.
SCREEN: To be provided by authors: The preamplifier gain being set to 3 and the frame transfer being activated. Then, EM-gain being set to 200.
5.4. Adjust the laser strength to a suitable level where blinking events are separated in space and time, set the exposure time to 30 milliseconds, and begin the acquisition. Acquire ten-thousand to thirty-thousand frames [1].
5.4.1. SCREEN: To be provided by authors: Laser power turned on to its maximum strength. The laser strength being adjusted. The exposure time being set to 30 milliseconds. The acquisition begins. TXT: For demonstration purpose, we acquired 7000 – 8000 frames only. Repeat similar acquisition at different ROIs.
5.5. For the image reconstruction of dSTORM, open ImageJ and import the raw data. Open the ThunderSTORM (Thunderstorm) plugin and configure the camera setting corresponding to the device [1].
5.5.1. SCREEN: To be provided by authors: ImageJ being opened and the raw data being imported. The ThunderSTORM plugin being opened, and the camera setting being configured.
5.6. Go to Run Analysis and set the appropriate settings, such as image filtering, localization methods, and sub-pixel localization of molecules. Finally, click OK to start the image reconstruction [1-TXT].
5.6.1. SCREEN: To be provided by authors: In Run Analysis the appropriate settings being set. Then, OK being clicked. The image reconstruction begins. TXT: See the text for detailed instruction for setting the parameter



Results
6. Results: Incorporation of TCO*A into SseJ-F10TCO-HA Expressed in Escherichia coli and Salmonella, and Super-Resolution Imaging of GCE-Labeled Secreted SseJ-J10TCO-HA in HeLa Cells
6.1. Salmonella expressing SseJ-F10TCO-HA (S-S-E-J incorporated with T-C-O) are treated with JF646-Tz (Janelia Fluor 646-tetrazine) and imaged for JF646 fluorescence [1], in the absence [2] or presence of TCO [3]. The fluorescence of SseJ (S-S-E-J) is detected only when TCO is present [4].
6.1.1. LAB MEDIA: Figure 3.
6.1.2. LAB MEDIA: Figure 3. Video Editor: Emphasize the top two images.
6.1.3. LAB MEDIA: Figure 3. Video Editor: Emphasize the bottom two images.
6.1.4. LAB MEDIA: Figure 3. Video Editor: Highlight the magenta part in the bottom image.
6.2. HeLa cells are infected with Salmonella harboring psseJ-HA (P-S-S-E-J H-A) for 16 hours, fixed, and immunostained [1] with anti-HA (H-A) antibody [2], LPS [3], and DAPI (Dapi) [4]. As expected, SseJ-dependent Salmonella-induced filaments or SIFs (S-I-Fs) are formed in the infected cells [5].	Comment by Debopriya Sadhukhan: Authors: Are the pronunciation guides (red italics) for psseJ-HA and HA okay? If not, please let us know.	Comment by Kiran Singh, Moirangthem: ok
6.2.1. LAB MEDIA: Figure 4A.
6.2.2. LAB MEDIA: Figure 4A. Video Editor: Emphasize the red parts in the first image from the left.
6.2.3. LAB MEDIA: Figure 4A. Video Editor: Emphasize the green parts in the middle image.
6.2.4. LAB MEDIA: Figure 4A. Video Editor: Emphasize the blue parts in the third image from the left.
6.2.5. LAB MEDIA: Figure 4A.
6.3. In the absence of TCO, the amber codon is not suppressed, and SseJ-dependent SIFs are absent in infected HeLa cells [1]. SseJ-dependent SIFs are observed in the presence of TCO, which clearly indicates that SseJ was rescued by the expression of sseJ-F10TCO-HA (S-S-E-J incorporated with T-C-O) using genetic code expansion or GCE [2].
6.3.1. LAB MEDIA: Figure 4B.
6.3.2. LAB MEDIA: Figure 4C.
6.4. Labeling specificity of secreted SseJ-F10TCO-HA in HeLa cells through SPIEDAC (S-P-I-E-D-A-C) click reactions using two alternate [1] dye mixture 1 [2] and dye mixture 2 [3] are shown here [4].	Comment by Debopriya Sadhukhan: Authors: Is the pronunciation guide (red italics) for SPIEDAC okay? Or do you want to pronounce it as "Spy-Dac"? Please let us know.	Comment by Kiran Singh, Moirangthem: Okay
6.4.1. LAB MEDIA: Figure 5.
6.4.2. LAB MEDIA: Figure 5. Video Editor: Emphasize A.
6.4.3. LAB MEDIA: Figure 5. Video Editor: Emphasize B.
6.4.4. LAB MEDIA: Figure 5.
6.5. Click dye JF646-Tz, was further used to observe whether there was any background labeling in HeLa cells infected with wild-type Salmonella carrying sseJ-HA (S-S-E-J H-A), in the presence of TCO and pEVOL plasmid [1].	Comment by Debopriya Sadhukhan: Authors: Is the pronunciation guide (red italics) for sseJ-HA okay?	Comment by Kiran Singh, Moirangthem: Okay
6.5.1. LAB MEDIA: Figure 5C.
6.6. SseJ was released into the cytoplasm of the host cell with no intracellular or non-specific fluorescent signals, demonstrating that the fluorescence signal was specific to SseJ [1].
6.6.1. LAB MEDIA: Figure 5C.
6.7. Super-resolution imaging of GCE-labeled SseJ in HeLa cells is presented in this figure [1]. A brightfield image of a HeLa cell under observation is shown here [2]. The diffraction-limited, widefield image of secreted SseJ, labeled with TCO and JF-646 (Janelia Fluor 646) [3], and the corresponding dSTORM image of the SseJ-decorated SIFs are presented here [4].
6.7.1. LAB MEDIA: Figure 6.
6.7.2. LAB MEDIA: Figure 6. Video Editor: Emphasize A.
6.7.3. LAB MEDIA: Figure 6. Video Editor: Emphasize B.
6.7.4. LAB MEDIA: Figure 6. Video Editor: Emphasize C.
6.8. The Inset shows a magnified view of super-resolved SseJ in the boxed region [1].
6.8.1. LAB MEDIA: Figure 6C. Video Editor: Highlight the two white squares.



Conclusion
7. [bookmark: _Hlk27388131]Conclusion Interview Statements 

7.1. Moirangthem Kiran Singh: Prepare the media exactly as shown here and check the pH. Adjust the pH if required. Wash the cell extensively; otherwise, one may encounter high background signal.	Comment by Kiran Singh, Moirangthem: I feel I need to be very accurate here. I want rephrased it as follows and put a voice over on it, if retake is not possible. 

'ncAA stock solutions were prepared in NaOH. Donot forget to neutralized it before or after addition to the media. After labeling protein of interest wash the cell extensively so that background signal is minimal. '

7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 3.2.1., 3.2.2., 4.6.1., 4.6.2., 4.13.2., 4.13.3.

7.2. Linda Kenney: Following our procedure, one can study the role of each and every individual effector protein in bacterial pathogenesis.

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