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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____ Y_____  
Can you record movies/images using your own microscope camera? (Y/N)____Y_____  
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)____Y____ 
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.) 
___________________________________________
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.)
· 6. antimicrobial activity test, esp. step 6.1.6 and 6.1.8
E.  Will the filming need to take place in multiple locations? (Y/N) ___Y____ 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 overall goal of this methodology is to incorporate non-canonical amino acids into ribosomally synthesized antimicrobial peptides. New-to-nature peptides are produced, checked for presence of the ncAA and tested for antimicrobial activity using agar diffusion assays. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. N. Budisa: This method can help answer key questions in the field of antimicrobials and bacteriocins, such as the role of certain peptide positions for the mode of action and resistance development [1-MED]. 
1.1.1. Named author states the above, looking slightly off camera, interview style
1.2. J. Nickling: Following the same principle, a variety of RiPPs such as lasso peptides or lichenicidin can be produced and activity can be tested against pathogens such as MRSA [1-MED].
1.2.1. Named author states the above, looking slightly off camera, interview style 

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. T. Friedrich: New-to nature antimicrobial peptides can be produced for the development of antimicrobial agents to fight pathogens and the deficiency of antimicrobial drugs [1-MED].
1.3.1. Named author states the above, looking slightly off camera, interview style
1.4. T. Baumann: The main advantage of this technique is that a variety of non-canonical amino acids can be tested without requiring changes on the genetic level, so it is relatively easy to produce several modified peptides in parallel [1-MED].
1.4.1. Named author states the above, looking slightly off camera, interview style
  

Protocol: (read by voice talent at JoVE)
2. Expression of Recombinant Nisin with Incorporation of Proline Analogs by SPI
2.1. To begin this procedure, culture a colony of freshly transformed bacterial cells or cells from a frozen cell stock. Inoculate 25 mL of LB medium containing antibiotics and 1% glucose in a 100 mL Erlenmeyer flask [1-MED-over the shoulder]. Incubate the cells overnight at 37 °C and 200 rpm [2-MED-TXT]. 
2.1.1. Talent arrives
2.1.2. Talent transfers 25 mL of LB medium into Erlenmeyer flask
2.1.3. Talent adds antibiotics
2.1.4. Talent inoculates medium using bacterial colony
2.1.5. Talent places the flask in the incubator. Text: overnight, 37 °C, 200 rpm
2.2. The next day, add 10 mL of overnight culture to 1 Liter of sterile fresh medium [1-MED-over the shoulder-TXT]. Mix and split the culture into two 500 mL cultures, each in a 2 Liter Erlenmeyer flask [2-CU] and incubate at 37 °C and 200 rpm for 2 hours [3-MED-TXT]. 
2.2.1. *Film as written. Text: Fresh medium supplemented with antibiotics and glucose
2.2.2. *Film as written
2.2.3. Talent places the flasks of culture in the incubator. Text: 2 h, 37 °C, 200 rpm
2.3. After 2 hours, measure OD600 (Voice over talent, “OD600” is pronounced as “O-D six hundred”) using sterile medium as blank. Continue incubation and measure OD at regular intervals until OD600 = 0.5 [1-CU]. Subsequently, pool both bacterial cultures [2-MED-over the shoulder], and centrifuge it at 4 °C and 4,500 x g for 15 minutes [4-MED-over the shoulder-TXT].
2.3.1. Talent measures OD600 in spectrophotometer
2.3.2. Talent pools both bacterial cultures into centrifuge bucket
2.3.3. Talent places the centrifuge bucket containing the bacterial cell culture into the centrifuge. Text: 4 °C, 4,500 x g, 15 min
2.4. Then, pour off and discard the supernatant [1-MED]. Resuspend the cell pellet in the centrifuge bucket placed on ice with 20 mL of NMM19 containing antibiotics and 1% glucose [2,3-MED-TXT]. Transfer the cell suspension into a 50 mL tube [4-MED-over the shoulder] and centrifuge it at 4 °C and 4,500 x g for 10 minutes [5-CU-TXT].
2.4.1. *Film as written
2.4.2. Talent adds NMM, then resuspends the cell pellet by pipetting. Text: See text for NMM19 preparation in the accompanying manuscript
2.4.3. [Added Shot]: CU: resuspending (Editor: This can be used either along side or instead of 2.4.2, whichever looks better. Just make sure the text overlay is shown)
2.4.4. Talent transfers cell suspension into 50 mL tube. (Editor: This was originally 2.4.3 – but the authors added 2.4.3 and changed all of the shot-list numbering to match the shot they added. I’m not sure how these are actually slated)
2.4.5. CU a 50 mL Falcon tube of suspension as it is placed in the centrifuge. Text: 4 °C, 4,500 x g, 10 min (Editor: This was originally 2.4.3 – but the authors added 2.4.3 and changed all of the shot-list numbering to match the shot they added. I’m not sure how these are actually slated)
2.4.6. 
2.5. Next, resuspend the cell pellet in 5 mL of the same fresh medium on ice [1-MED-over the shoulder]. Transfer the cell suspension into 500 mL of fresh medium [2-CU] and incubate at 30 °C and 200 rpm for 1 hour [3-CU-TXT]. After an hour, divide the culture into equal parts in individual flasks, one for each ncAA or control, respectively [4-MED-over the shoulder-TXT].
2.5.1. *Film as written
2.5.2. [Added Shot]: transfers into 500 mL fresh medium
2.5.3. CU the cell suspension as it is placed in the incubator. Text:  30 °C, 200 rpm, 1 h (Editor: This was originally 2.5.2 – but the authors added the new 2.5.2 it changed all of the shot-list numbering to match the shot they added. I’m not sure how these are actually slated)
2.5.4. *Film as written. Text: ncAA: non-canonical amino acid (Editor: This was originally 2.5.3 – but the authors added the new 2.5.2 it changed all of the shot-list numbering to match the shot they added. I’m not sure how these are actually slated)
2.6. To each culture, add the stock ncAA to a final concentration of 1 mM [1-MED]; and to the wild-type control, add L-proline stock to 1 mM [2-MED-TXT]. Then, induce target gene expression using 1 mM IPTG [3-CU-TXT]. Incubate the cultures overnight at 28 °C and 200 rpm [4-MED-TXT].
2.6.1. Talent adding stock ncAA to culture 
2.6.2. adding L-proline stock to the control. Text: L-proline for wild-type control
2.6.3. CU the cultures as IPTG is added. Text: IPTG: isopropyl β-D-1-thiogalactopyranoside
2.6.4. Talent places the cultures in the incubator. Text: overnight, 28 °C, 200 rpm
2.7. The next day, measure OD and take 1 mL of each culture for the activity assays [1-MED-over the shoulder]. Collect the remaining cells of each culture by repeatedly centrifuging them at 4 °C and 5000 x g for 20 minutes [2-CU-TXT]. Each time, remove and discard the supernatant until all cells have been collected [3-MED-over the shoulder-TXT]. Store the cell pellets at -80 °C until peptide purification [4-MED].
2.7.1. Talent collects 1 mL of each culture
2.7.2. CU the centrifuge as the cultures are placed in it. Text: 4 °C, 5000 x g for 20 min. Repeat until all cells have been collected
2.7.3. Talent removes and discards the supernatant. Text: 4 °C, 5000 x g for 20 min. Repeat until all cells have been collected [Video editor, keep showing the previous text from 2.7.2]
2.7.4. Talent places the cell pellets at -80 °C

3. Antimicrobial Activity Test 
3.1. To prepare GM17-agar plates, first prepare a 5 mL overnight culture of the indicator strain from frozen glycerol stock in M17 broth with 1 % glucose and 5 µg/mL chloramphenicol in a 25 mL Erlenmeyer flask [1-MED-over the shoulder-TXT]. Incubate it at 30 °C without shaking [2-CU-TXT]. 
3.1.1. Talent adds cells from a frozen glycerol stock into M17 broth. Text: See text for indicator strain details
3.1.2. CU the culture as it is placed in the incubator. Text: 30 °C (Author Comment: The text from previous step can stay on screen, simply add “30 °C” separately)
3.2. Next day, measure OD using GM17 medium as blank [1-MED]. Add 5 mL of fresh medium in a new flask. Inoculate to OD600 = 0.1 and continue incubation [2-MED-over the shoulder-TXT]. 
3.2.1. Talent measuring OD in spectrophotometer
3.2.2. Talent adds 5 mL of fresh medium and part of the preculture in a new flask. Text: OD600 = 0.1, continue incubation
3.3. After 2 hours [1-MED], measure OD in regular intervals until the value reaches 0.4-0.6 [2-CU], then place and keep the preculture on ice [3-CU]. 
3.3.1. Talent takes flask out of the incubator
3.3.2. Show the reading that OD600 = 0.4-0.6 
3.3.3.  CU the flask as it is placed on ice
3.4. Make 1.5% agar by weighing out 4.5 grams agar in a glass media bottle [1-MED]. Add 300 mL of double-distilled water, then mix and autoclave [2-MED]. Prepare 2x M17 broth in 300 mL of double-distilled water and autoclave [3-MED-over the shoulder-TXT]. 
3.4.1. Talent weighing out 4.5 g agar in a glass media bottle
3.4.2. Talent adds 300 mL of double-distilled water to the agar and mixes
3.4.3. Talent prepares 2x M17 broth in 300 mL Liter of double-distilled water. Text: Double-concentrated M17 medium
3.5. Add 1 mL of the Lactococcus lactis (pronounced “lack-toe-caucus lack-tis”) preculture to 25 mL of 2x M17 broth containing 10 µg/mL chloramphenicol and 2 % glucose [1-MED-over the shoulder]. Then, add 25 mL of lukewarm molten agar, mix [2-CU] and pour the solution into a large petri dish [3-CU].
3.5.1. *Film as written
3.5.2. CU the mixture as molten agar is added. 
3.5.3. CU the solution as it is poured into a large petri dish
3.6. Keeping sterile conditions, dry the plate for 10-15 minutes [1-CU-TXT]. Then, sterilize the ends of a glass Pasteur pipette by flame [2-MED]. After the pipette has cooled down, use its wide end to create holes in the solidified agar [3-CU]. Label the bottom of the petri dish for each sample next to the corresponding hole position [4-CU].
3.6.1. CU the plate with open lid. Text: 10-15 min
3.6.2. Talent places the ends of a glass pipette close to the flame [use take 2]
3.6.3. CU the solidified agar as holes are created
3.6.4. CU the petri dish as it is labeled
3.7. For the activity assay, take the 1 mL samples of the E. coli production cultures and centrifuge them for 3 minutes at 7,000 x g [1-MED-over the shoulder-TXT]. Aspirate the remaining medium [2-CU] and resuspend the cell pellet in 500 µL of sodium phosphate buffer by pipetting [3-CU]. Next, sonicate the sample on ice by submerging the tip of the sonicator probe into the cell suspension [4-CU].
3.7.1. Talent places the sample in the centrifuge. Text: 3 min, 7,000 x g
3.7.2. aspirate the remaining medium
3.7.3. resuspend in PBS buffer
3.7.4. CU the sonicator probe as its tip is submerged into the cell suspension
3.8. Start the sonication [1-MED-over the shoulder]. Then, centrifuge the cell lysate for 10 minutes at 13,000 x g to pellet cell debris [2-MED-TXT]. Transfer the supernatant to a new reaction tube on ice [3-MED-over the shoulder]. Dilute and normalize the supernatants to 1 mL of OD600 = 0.6 relative to the harvested cell density with sodium phosphate buffer and mix [4-CU-TXT].
3.8.1. Talent starts the sonicator
3.8.2. Talent places the cell lysates in the centrifuge. Text: 10 min, 13,000 x g
3.8.3. *Film as written
3.8.4. CU the supernatants as they are diluted with sodium phosphate buffer. Text: See text for OD600 normalization
3.9. To test the antimicrobial activity, add 40 µL of the normalized sample into the designated hole of the indicator agar [1-MED-over the shoulder-TXT]. Wait until all the sample is diffused into the agar [2-CU]. Incubate the plate overnight at 30 °C [3-MED-TXT]. 
3.9.1. *Film as written. Text: Chloramphenicol at 400 µg/mL as antibacterial control compound
3.9.2. CU the sample as it is diffused into the agar and show the lid is opened
3.9.3. Talent places the plates in the incubator with agar facing upward. Text: overnight, 30 °C
3.10. The next day, take pictures of the agar plate using a flatbed scanner or digital camera [1-MED-over the shoulder]. Growth inhibition halo size can be measured by hand or using software [2-MED-over the shoulder].
3.10.1. *Film as written
3.10.2. Talent measuring growth inhibition halo size by hand (using a ruler)

4. Fluorescence Microscopy
4.1. For fluorescence microscopy, prepare 10 mM Nile red stock solution in DMSO [1-MED-over the shoulder]. For the activity assay, culture the indicator strain to OD600 = 1.0 [2-CU]. Centrifuge 1 mL of the culture for 3 minutes at 4 °C and 5,000 x g [3-MED-over the shoulder-TXT].
4.1.1. Talent prepares Nile red stock solution in DMSO. 
4.1.2. Show that OD600 = 1.0 on the spectrophotometer
4.1.3. Talent places the culture into the centrifuge. Text: 3 min, 4 °C, 5,000 x g
4.2. Afterwards, discard the supernatant and resuspend the sample in 1 mL of PBS [1-MED]. Then, centrifuge the sample and resuspend again [2-CU]. Subsequently, add 1 µL of Nile red stock solution and mix gently [3-MED-over the shoulder].
4.2.1. *Film as written
4.2.2. CU the sample as it is placed in the centrifuge. Text: 3 min, 4 °C, 5,000 x g
4.2.3. *Film as written
4.3. For microscopic image acquisition, add 30 µL of cell preparation onto a cover slide while exciting at 520 nm [1-MED]. Set the acquisition time to 0.2 seconds, kinetic series to 0.1 Hz, and series length to 200 images [2-SCREEN]. Then, add 0.3 - 1.5 µL of cell lysate or purified peptide sample [3-MED]. 
4.3.1. *Film as written
4.3.2. *To be submitted by authors. 57551_Baumann_Screen_Capture4.3.2.avi: Show acquisition settings for microscopy
4.3.3. *Film as written
4.4. Monitor and record the fluorescence emission at a wavelength equal to or larger than 560 nm [1-SCREEN-TXT]. Store the image sequences as “avi” files and analyze the images with ImageJ [2-SCREEN].
4.4.1. *To be submitted by authors. 57551_Baumann_4.4.1.avi: Show short video of the stained cells (Text: fluorescence emission  > 560 nm)
4.4.2. *To be submitted by authors. 57551_Baumann_4.4.2.avi: Show that the image sequences are stored as “avi” files

5. Results: Fluorescence Microscopy of Recombinant Nisin Effects on Gram-positive Cells 
5.1. This figure shows the growth inhibition of the bacterial indicator strain by recombinant antimicrobial peptides. As part of the agar well diffusion assay, inhibition halos become visible around the sample positions [1-LM].
5.1.1. 57551fig3large.jpg: Show the images starting first row, from left to right (i.e. show the first left, then add the 2nd left, then add the 3rd left, etc.), then add second row from left to right
5.2. This video shows a time-lapse fluorescence microscopy of the indicator strain without the addition of antimicrobial peptides. Over time, bacterial cells are deposited on the cover slide. Since only buffer was added, the appearance of the cells does not change within the 20 minutes of observation [1-LM-TXT]. 
5.2.1. *To be submitted by authors. 57551_Baumann_screen_capture_5.2.1.avi: Show a visually more appealing microscopy time lapse video with a still ending here. TEXT: Negative control experiment (Author Comment: video editor: The text “negative control experiment” can be shown as video overlay below
5.2.2. 57551fig5large.jpg: Show the figure (show first row, then add second row)
5.3. This fluorescence microscopy time-lapse shows the effects of an antimicrobial peptide on cells of the indicator strain. Over time, the bacterial cells appear aggregated and blurry after exposure to recombinant wild-type nisin as highlighted by the arrow. Marked by circles, light material diffuses from the cells into the buffer, indicating that membrane fragments were mobilized [1-LM]. 
5.3.1. *To be submitted by authors. 57551_Baumann_ScreenCapture_5.3.1.avi: Show a time lapse ending with a still that includes the markings
5.4. This figure shows the effects after incubation of the indicator strain in presence of a nisin variant containing the non-canonical amino acid (4R)-fluoroproline. After exposure to the antimicrobial peptide, the bacterial cells aggregate as shown by the circles. Indicating cell lysis, light material becomes visible around the cells as shown by the arrows. Large amounts of distorted and aggregated cells are present after 20 minutes of incubation [1-LM-TXT].
5.4.1. Fig_5_c.tif: Show the upper Fig_5 image part on the left and simultaneously the lower Fig_5 image part on the right s, then add blue circles, followed by adding blue arrows. Text below the left image: Before incubation. Text below the right image: After incubation.
5.4.2. Fig_5_d.tif: Show the images, then add blue circles, followed by adding blue arrows


6. Conclusion (said by authors on camera)
6.1. T. Baumann: Once mastered, this technique can be done in four days. This includes production of ncAA-modified peptides and testing of their antimicrobial activity using agar diffusion assays or fluorescence microscopy [1-MED].
6.1.1. Named author states the above, looking slightly off camera, interview style
6.2. J. Nickling: While attempting this procedure, it is important to remember to use fresh bacterial cultures with suitable growth media and to handle them carefully. For activity testing, always include appropriate positive and negative controls [1-MED].
6.2.1. Named author states the above, looking slightly off camera, interview style
6.3. T. Friedrich: Following this procedure, other methods like peptide purification by affinity chromatography and/or HPLC can be performed. Mass spectrometry must be performed to prove the incorporation of ncAA [1-MED].
6.3.1. Named author states the above, looking slightly off camera, interview style
6.4. N. Budisa: After its development, this technique paved the way for researchers to explore novel antimicrobial peptides. A variety of bacterial hosts can be used for both the production of different peptides and for testing antimicrobial activity [1-MED].
6.4.1. Named author states the above, looking slightly off camera, interview style
6.5. F.-J. Schmidt: After watching this video, you should have a good understanding of how to incorporate non-canonical amino acids into antimicrobial peptides [1-MED]. 
6.5.1. Named author states the above, looking slightly off camera, interview style


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.  

4.3.2 - 57551_Baumann_Screen_Capture4.3.2.avi - Microscopy image acquisition settings are made in the recording software

4.4.1 - 57551_Baumann_4.4.1.avi - Microscopy image acquisition is running

4.4.2 - 57551_Baumann_4.4.2.avi - image sequence is stored as avi file

5.1.1 - 57551fig3large.jpg - Growth inhibition of the bacterial indicator strain by samples of recombinantly produced peptides

5.2.1 - 57551_Baumann_screen_capture_5.2.1.avi - microscopy time lapse video showing the bacterial cells without antimicrobial peptide

5.3.1 57551_Baumann_ScreenCapture_5.3.1.avi - Fluorescence microscopy time lapse of L. lactis cells treated with antimicrobial peptide

5.4.1 57551_Baumann_Fig_5_c.tif - Fluorescence microscopy of L. lactis cells before and after 20 min of incubation in presence of nisin containing (4R)-fluoroproline


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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