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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N  
2. Does your protocol include software usage? Y
If yes, we will need you to record using screen recording software to 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. 
The most important step in this protocol are Step 4.3 & 4.5
Step 4.3: in this step, we need to find suitable treatment time which is not only sufficient to induce the intestinal permeability, but also enough for recovery effect of natural product (here is DIM).  
Step 4.5: for removing the formaldehyde from the wells using micropipette, the operation should be carried thoroughly to prevent losing worms. In addition, avoiding bubbles when adding the mounting media should be attended.
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. 
Section 5
Step 5: to acquire this procedure, the viewers should have basic knowledge about Operetta Operation. Depending on version of Harmony software and Operetta machine, the viewers should choose the suitable methods in “set up” and “image analysis” sections for precise results. In this procedure, we used Operetta and Harmony software (version 3.5.1).
5. Will the filming need to take place in multiple locations? N
All the filming will take place in one location – KIST
Gangneung Institute of Natural Products (5th floor and 2nd floor)

Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee. 

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.


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


1.1. Kyungsu Kang: This method will be helpful for basic biological studies related to the interaction between intestinal microbiota and gut health. In addition, this protocol may be used for screening potential probiotics and nutraceuticals to cure intestinal health problems, such as leaky gut syndrome and inflammatory bowel diseases.

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

1.2. Jae Wook Lee: This protocol uses a high throughput imaging system to enable rapid and precise quantitative analysis of intestinal permeability in C. elegans treated with various bacteria and chemicals.

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. Tram Anh Ngoc Le: We recommend that a scientist who is not experienced with this technique limit the number of samples in order to avoid miss-labelling and other mistakes.

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

1.4. Baskar Selvaraj: This procedure consists of many steps that require visual demonstration such as transferring worms to 96-well plates and using the Operetta machine as well as the Harmony software.

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

Section - Protocol
2. Preparation of P. aeruginosa PAO1 Culture
2.1. Start by preparing 500 milliliters of sterile LB medium [1]. Inoculate a single colony of P. aeruginosa into the medium [2] and incubate the culture for 14 to 15 hours at 37 °C while shaking at 150 rpm [3]. 
2.1.1. WIDE: Establishing shot of talent walking to the workstation with the prepared LB in hand. 
2.1.2. Talent transferring the bacterial colony to medium. 
2.1.3. Talent putting the culture in the incubator and closing the lid.
2.2. On the next day, evenly distribute the bacterial culture into two 500-milliliter tubes [1] and centrifuge them at 3,220 x g at 4 °C for 30 minutes [2]. Remove the supernatant, leaving 25 milliliters in each tube for a total remaining volume of 50 milliliters [3], then resuspend the bacterial pellet [4]. Store the bacterial culture at 4 °C until ready to use [5]. 
2.2.1. Talent distributing the culture into 2 tubes. 
2.2.2. [bookmark: _GoBack]Talent putting the tubes in the centrifuge, closing the lid, and starting it. 
2.2.3. Talent removing the supernatant. 
2.2.4. Talent resuspending the pellet. 
2.2.5. Talent putting the tubes in the fridge.

3. Preparation of Nematode Growth Medium (NGM) Plates for Testing the Effects of Bacteria and DIM on the Intestinal Permeability of C. elegans
3.1. To test the effects of bacteria on the intestinal permeability of C. elegans, remove the cultures from the refrigerator [1] and thoroughly vortex them [2]. Add a total of 800 microliters to each fresh NGM plate [3-TXT] and allow the plates to dry in a 20 °C incubator overnight [4]. 
3.1.1. Talent taking the bacterial culture out of the refrigerator. 
3.1.2. Talent vortexing the culture. 
3.1.3. Talent adding culture to the NGM plate. TEXT: NGM = Nematode Growth Medium Videographer: Obtain multiple reusable takes of this shot because it will be reused. 
3.1.4. Talent putting the plates in the incubator. Videographer: Obtain multiple reusable takes of this shot because it will be reused.
3.2. To prepare DIM plates, add 50 milliliters of NGM agar medium into a bottle of DIM-containing NGM broth and mix thoroughly [1-TXT]. Then, pour 20 milliliters of the medium into each 90 by 15-millimeter Petri dish [2]. 
3.2.1. Talent adding the agar medium to the DIM-containing broth. TEXT: DIM = 3,3’-diindolylmethane
3.2.2. Talent pouring a few plates.
3.3. Prepare DMSO plates by adding 20 milliliters of DMSO-containing NGM medium to each Petri dish [1] and leave the plates at room temperature for at least 3 hours to solidify [2-TXT]. 
3.3.1. Talent pouring DMSO-containing NGM medium into a few plates. 
3.3.2. Plates solidifying at room temperature. TEXT: Store plates at 4 °C  

3.4. Spread 800 microliters of vortexed E. coli or P.aeruginosa culture onto each fresh NGM plate [1] and allow the plates to dry in a 20 °C incubator overnight [2]. 

3.4.1. Use 3.1.3.
3.4.2. Use 3.1.4.

4. Bacteria or DIM Treatment and FITC-dextran Feeding 
4.1. Wash the age-synchronized L4 larva with S-buffer [1] and transfer approximately 500 worms to the NGM plates containing different bacteria and chemicals [2]. Then, incubate the plates at 20 °C for 48 hours [3]. 
4.1.1. Talent washing the larva. 
4.1.2. Talent transferring worms to a plate. 
4.1.3. Talent putting the plates in the incubator and closing the door. 
4.2. Prepare the FITC-dextran (pronounce ‘F-I-T-C-dextran’) supplemented plates by mixing 2 milliliters of heat-inactivated E. coli with 4 milligrams of FITC-dextran [1]. Add 100 microliters of the mixture to each of 20 fresh NGM agar plates [2] and allow the plates to dry for 1 hour on a clean lab bench [3]. 
4.2.1. Talent mixing the E. coli with FITC-dextran. 
4.2.2. Talent adding the mixture to a few plates. 
4.2.3. Plates drying on the bench. 
4.3. After 48 hours of treatment, wash the worms with S-buffer [1], transfer them to FITC-dextran supplemented plates and to the NGM plates without FITC-dextran [2], and incubate the plates overnight [3]. Videographer: This step is important!
4.3.1. Talent washing worms. 
4.3.2. Talent transferring worms to a plate. 
4.3.3. Talent putting the plates in the incubator. 
4.4. On the next day, wash the worms with S-buffer [1] and allow them to crawl in the fresh NGM agar plate for 1 hour [2]. 
4.4.1. Talent washing the worms. 
4.4.2. Worms crawling in the agar.
4.5. Add 50 microliters of 4% formaldehyde to each well of a black 96-well flat-bottomed plate [1] and transfer approximately 50 worms into each well [2]. After 1 to 2 minutes, remove all formaldehyde [3] and add 100 microliters of mounting medium to each well [4]. Videographer: This step is important!
4.5.1. Talent adding formaldehyde to a few wells. 
4.5.2. Talent transferring worms to a few wells. 
4.5.3. Talent removing formaldehyde. 
4.5.4. Talent adding mounting medium to a few wells. 
4.6. Baskar Selvaraj: Formaldehyde is a toxic chemical and should be handled with care.

4.6.1. INTERVIEW: Named talent says the statement above in an interview-style shot. Videographer: Have the talent look more directly at the camera than in other interview statements because this is a warning statement. 

5. Imaging of C. elegans with the Operetta Imaging System and Determination of Intestinal Permeability
Videographer: Film the screen as talent performs all steps in this section. This is the most difficult part of the protocol.  
Video Editor: Please use a mix of footage from the videographer and the uploaded screen shots from the Authors. Authors will not be able to generate screen capture footage.  

5.1. To capture fluorescent images, press the ‘Open lid’ icon within the imaging software [1] and insert the plate into the machine [2]. Click ‘Setup’, select the plate type, and add the bright-field and EGFP channels [3]. 

5.1.1. SCREEN: ‘Open lid’ being pressed. 
5.1.2. Talent inserting the plate into the machine. 
5.1.3. LAB MEDIA: 60419_8.4. Video Editor: Emphasize the ‘Setup’ Tab as VO says “click setup”, the ‘Plate’ window (on the right) as VO says “select plate type”, and the ‘Channel Selection’ window (on the left) as VO says “add the bright-field and EGFP channels”. 

5.2. To adjust the layout, go to the ‘Layout selection’ and select ‘Track’. Set the first picture at 1 micrometer, number of planes to 10, and the distance to 1 micrometer [1]. Select one of the treatment wells and one capture field and press ‘Test’ in the ‘Run Experiment’ section [2]. 

5.2.1. LAB MEDIA: 60419_8.5. Video Editor: Emphasize the ‘Layout Selection’ window.
5.2.2. SCREEN: Well selected and ‘Test’ clicked. 

5.3. If the images are satisfactory, return to the ‘Setup’ section and press the ‘Reset’ icon. Then, select all the target wells and a suitable number of capture fields [1]. Go to ‘Run experiment’, enter the plate name, and press ‘Start’ [2]. 

5.3.1. SCREEN: ‘Setup’ tab selected, ‘Reset’ pressed, and target wells selected. 
5.3.2. SCREEN: ‘Run Experiment’ selected, plate name entered, and ‘Start’ pressed. 

5.4. To measure fluorescence intensity, go to the image analysis section, input the image, and find the cell by choosing the EGFP channel and method B [1]. Adjust the parameters according to manuscript directions and choose the mean as the output. Press the ‘Apply’ icon to save the setup [2]. 

5.4.1. LAB MEDIA: 60419_8.9. Video Editor: Emphasize the ‘Image Analysis’ tab when VO says “go to the image analysis section’ and the ‘Find Cells’ window when VO says “find cells…”.
5.4.2. LAB MEDIA: 60419_8.9. Video Editor: Emphasize the darker grey box in the ‘Find Cells’ window when VO says “adjust the parameters” and the ‘Apply’ button when VO says “Press Apply”. 

5.5. Obtain a heatmap and a data table by going to the ‘Evaluation’ section [1] and adjusting the ‘Readout parameter’ [2-TXT], then start the evaluation [3]. 

5.5.1. LAB MEDIA: 60419_8.10. Video Editor: Emphasize the ‘Evaluation Tab’.
5.5.2. LAB MEDIA: 60419_8.10. Video Editor: Emphasize the ‘Readout Parameter’. selection. TEXT: Set to ‘Cells – Intensity Cell EGFP Mean – Mean per Well’
5.5.3. LAB MEDIA: 60419_8.10. Video Editor: Emphasize the ‘Start’ button. 




Section – Results
6. Results: Effects of Bacteria on Intestinal Permeability of P. aeruginosa 
6.1. C. elegans showed a significant increase in FITC-dextran fluorescence after incubation with P. aeruginosa compared with the other two bacterial strains [1], indicating that P. aeruginosa caused more vital damage to the epithelial gut barrier and increased intestinal permeability [2]. 
6.1.1. Figure 1. Video Editor: Show the images and bar graph side-by-side and emphasize the P. aeruginosa images and bar.
6.1.2. Figure 1. 
6.2. Live and heat-inactivated P. aeruginosa triggered very different effects on the intestinal permeability in C. elegans [1]. Upon heat inactivation, both the fluorescence images and statistical data indicate that P. aeruginosa did not trigger any toxicity to nematodes [2]. 
6.2.1. Figure 2. Video Editor: Show the images and bar graph side-by-side.
6.2.2. Figure 2. Video Editor: Emphasize the Heat Inactivated P. aeruginosa images and bar. 
6.3. A 48-hour co-treatment with DIM significantly decreased the FITC-dextran fluorescence intensity inside the guts of worms exposed to P. aeruginosa [1], which demonstrates that DIM can be considered a good natural product to cure intestinal permeability dysfunction caused by bacterial infections [2].
6.3.1. Figure 3. Video Editor: Show the images and bar graph side-by-side and emphasize the images and bars for both P. aeruginosa and P. aeruginosa + DIM.
6.3.2. Figure 3. 



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

7.1. Tram Anh Ngoc Le: It is important to remember that during the preparation of the FITC-dextran coated plates, you need to minimize the light exposure because of the light sensitivity of FITC-dextran.

7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
7.2. Tram Anh Ngoc Le: This technique can be used to determine the pathogenic and probiotic effects of intestinal bacteria and their active components by testing the bacteria as well as their chemical composition.

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