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Author Questionnaire:
1. 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) N
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.
Our microscope is Leica S8 APO stereomicroscope with magnification of
10 x-80 x.
https://www.meyerinst.com/html/leica/stereozoom/s8apo/default.htm
2. Does your protocol include software usage? (Y/N) N

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. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
2.4， 3.3， 4.2， 5.2， 5.3
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. (Please do not list entire sections.)
Step 5.3 is a difficult step. Choosing appropriate pestles with deigned ends to mate with 1.5 mL tubes and distributing tissue completely can ensure this step success. 
5. Will the filming need to take place in multiple locations? (Y/N) N


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. Junkai Li: This method can answer the key question about the role of the innate immune system in the Clostridioides difficile infection, for example, if and how macrophages recognize or phagocytose C. difficile [1]. 
1.1.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.

1.2. Can Ünal : The main advantage is that it can be used for other anaerobic bacteria. And we are also able to control the infection time accurately. In addition, oral delivery of the pathogen represents better the normal route of infection [1].
1.2.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.





Section - Protocol
All animal work described here was performed in accordance with legal regulations (EU-Directive 2010/63, license AZ 325.1.53/56.1-TUBS and license AZ 33.9-42502-04-14/1418).
2. Preparation and Labeling of C. difficile and Spores with Fluorescent Dye 
2.1. After culturing, transfer 1 milliliter of the culture into a spectrophotometer cuvette, and measure the OD600 (pronounce as O-D-six hundred) [1]. Transfer the required amount into a fresh 1.5-milliliter tube [2] in order to reach a final OD of 1-1.2 in 1 milliliter of final volume [3]. 
2.1.1. Talent transfers 1 mL culture into a standard spectrophotometer cuvette.
2.1.2. Talent transfers the culture into a new tube.
2.1.3. CU: Talent measures on the spectrophotometer, and shows the reading between 1-1.2.
2.2. Wash 1x with 1 milliliter of 1x PBS, and centrifuge at 5000 times g for 3 minutes at room temperature [1]. Resuspend in 1 milliliter of 1 x PBS [2].
2.2.1. Talent adds buffer,
2.2.2.  and places the tube into a centrifuge.
2.2.3. CU: Talent removes supernatant and adds buffer to resuspend.
2.3. Add 3 microliters of working solution of the prepared fluorescent dye into the 1 milliliter bacteria suspension [1]. Incubate the sample for 15 minutes at room temperature in the dark [2]. 
2.3.1. Talent adds dye into the tube.
2.3.2. Talent places the tube in the dark.
2.4. After that, wash the stained C. difficile (pronounce as Clostridioides difficile) once with 1x PBS [1] to remove residual dye and resuspend in 1 milliliter of 1x PBS [2] to achieve an OD600 of 1.0 [3]
2.4.1. Talent adds buffer into the tube 
2.4.2. and places into a centrifuge.
2.4.3. Talent removes supernatant and adds buffer. Important Step
2.4.4. Talent operates on a spectrophotometer, and shows the reading of 1.
3. Injection of Stained C. difficile into Zebrafish Larvae
3.1. First, place a drop of 0.8% low melting agarose onto the zebrafish larvae in a Petri dish to cover. Gently adjust the larvae to a lateral position [1]. Place the Petri dish on ice for 30–60 seconds to allow the low melting agarose to solidify [2]. Add 30% Danieau’s medium containing 0.02%–0.04% tricaine to cover the agarose [3].
3.1.1. ECU: Talent drops agarose onto a larvae, 
3.1.2. and adjusts its position.
3.1.3. Talent places the dish on ice.
3.1.4. CU: Talent adds medium to cover the agarose.
3.2. To prepare injection solution, add 1 microliter of 0.5% phenol red in PBS solution into 9 microliters of the dye-stained C. difficile inoculum [1]. Load a calibrated microinjection needle with the injection solution using a microloader [2]. Mount the loaded needle onto a micromanipulator and position it under a stereomicroscope [3].
3.2.1. Talent adds red solution into the bacteria culture.
3.2.2. CU: Talent loads a needle with the injection solution. Author comment: Extrem CU No Slate
3.2.3. Talent mounts the needle onto a micromanipulator, and places under a microscope.
3.3. Adjust the injection pressure between 600–900 Hectopascals. Set the injection time to 0.1–0.3 seconds to obtain 0.5–1.0 nanoliters [1]. Set the needle in the micromanipulator at an approximately 45° angle pointing toward the embedded larvae [2]. 
3.3.1. Talent adjusts the pressure, and time.
3.3.2. SCOPE: Talent adjusts the needle. Important Step Author comment: One Step with 3.4.1 and 3.4.2
3.4. Place the needle tip above the gastrointestinal tract close to the urogenital pore [1]. Pierce through the agarose then the muscle with the needle tip, then insert it into the intestinal lumen and inject 0.5–1.0 nanoliters of C. difficile [2].
3.4.1. SCOPE: Talent adjusts the needle tip.
3.4.2. SCOPE: Talent pierces, and injects.
3.5. Use a fluorescence microscope to monitor the injected larvae and use a flexible microloader tip to pick up the properly injected larvae for confocal imaging [1].
3.5.1. SCOPE: Shot of the injected larvae, and then the talent picks it up and puts into peti dish.
4. Gavage of Zebrafish Larvae and Confocal Microscopy Analysis
4.1. In a 1.5% agarose plate with grooves , place a drop of 0.8% low melting agarose onto the zebrafish larvae to cover. Gently adjust the larvae with heads facing upright at 45° angles in the groove and tails against the wall of the groove [1].
4.1.1. CU: Talent covers the larvae with agarose, and adjusts the position.
4.2. Gently operate the needle through the agarose then into the mouth of zebrafish larvae, through the esophagus [1]. Once the tip of the needle is inside the anterior intestinal bulb, press the injection pedal to release 0.5-1 nanoliters of bacteria culture. Fill the lumen of the intestine. Do not let it overflow from the esophagus or cloaca [2]. 
4.2.1. SCOPE: Talent penetrates the needle through the larvae. Important Author comment: One Step with 4.2.2 and 4.3.1 
4.2.2. SCOPE: Talent releases the bacteria. 
4.3. Gently withdraw the needle from the mouth of the zebrafish [1]. Following gavage, rescue the infected zebrafish larvae from the agarose with a flexible microloader tip by first cutting the agarose away, then by lifting the larvae [2]. Transfer these larvae into sterile 30% Danieau’s medium, and rinse twice [3]. 
4.3.1. SCOPE: Talent withdraws the needle.
4.3.2. SCOPE: Talent cuts away agarose.
4.3.3. Talent places the larvae into solution.
4.4. After anesthetizing the zebrafish larvae, add 200–300 microliters of 1% low melting agarose to cover the anesthetized larvae [1]. Place the infected region of the larvae against a glass slide as closely as possible [2]. 
4.4.1. CU: Talent adds agarose to cover the larvae.
4.4.2. CU: Talent places the infected region against the glass slide.
4.5. Let the agarose solidify on ice for 30–60 seconds [1]. Submerge the agarose into 30% Danieau’s medium containing 0.02%–0.04% tricaine [2]. Proceed to image the larvae with a confocal laser scanning microscope [3].
4.5.1. Talent places the glass slide on ice.
4.5.2. Talent submerges the glass slide into solution.
4.5.3. Talent places the glass slide under a microscope.
5. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Dissection of Larval Zebrafish Intestine to Recover Viable C. difficile
5.1. After euthanizing the infected zebrafish larvae, insert a needle into the dorsal trunk of zebrafish larvae close to the head to immobilize the zebrafish [1]. Remove the head behind the gills with a lancet [2]. 
5.1.1. CU: Talent inserts a needle into the larvae. Author comment: One Step with 5.1.2
5.1.2. Talent removes the head. Author comment: Please use Take 1Scope
5.2. Insert a second needle into the middle of the dorsal trunk. Insert a third needle into the abdomen of the zebrafish and pull the intestine out of the body cavity [1]. Use a microinjection needle to transfer 10–15 intestines into a 1.5-milliter tube containing 200 microliters sterile 1x PBS [2]. 
5.2.1. SCOPE: Talent inserts two needles, and pulls the intestine out. Important Step 
5.2.2. CU: Talent transfers intestines into a tube.
5.3. Homogenize the intestines with a pestle to disrupt the tissue and prepare homogenates [1]. Ensure the pestle reaches the bottom of the tube to disrupt all intestines completely [2]. 
5.3.1. Talent uses a pestle to disrupt the tissue. Important Step Author comment: One Step with 5.3.2
5.3.2. CU: Shot of the bottom when talent uses the pestle to reach the bottom. Important Step
5.4. [bookmark: _GoBack]Into the homogenates, add C. difficile rearing medium containing D-cycloserine and cefoxitin, with or without taurocholate [1], and incubate in an anaerobic chamber [2]. 
5.4.1. Talent adds solution into the tubes.
5.4.2. Talent places the tubes into a chamber.


Section – Results
6. Results: Infection of C. difficile in Zebrafish
6.1. In this study, both neutrophils and macrophages reached the infection sites [1].
6.1.1. LAB MEDIA: Figure 1 – Video editor: Emphasize Figure 1B
6.2. The example of an activated macrophage phagocytizing two bacteria shows the clearing by phagocytosis and digestion of the labeled C. difficile [1].
6.2.1.  LAB MEDIA: Supplementary Movie 1
6.3. The microgavage to deliver fluorescence-labeled C. difficile into the intestinal lumen of macrophage and neutrophil reporter lines at 5 days post-fertilization, mimics the natural path of Clostridioides difficile infection [1]. 
6.3.1. LAB MEDIA: Figure 2A – Video editor: Emphasize the red parts.
6.4. However, neutrophils and macrophages did not show obvious migration to the gastrointestinal tract for up to 12 hours after microgavage [1]. In the meantime, fluorescence of the labeled C. difficile disappeared after around 5 hours post-microgavage [2].
6.4.1. LAB MEDIA: Figure 2B – Video editor: Emphasize the green parts.
6.4.2. LAB MEDIA: Figure 2B
6.5. Intestinal samples 24 hours post infection were dissected and showed bacterial growth [1-TXT]. No bacteria grew in the control group [2].
6.5.1. LAB MEDIA: Figure 3B TEXT: TCA: taurocholate, a germinant of C. difficile spores
6.5.2. LAB MEDIA: Figure 3A – Video editor: Emphasize the 1 tube.
6.6. At later time points, incubated samples only grew [1] in the medium containing TCA, suggesting that total C. difficile in the gut had formed spores [2].
6.6.1. LAB MEDIA: Figure 3A – Video editor: Emphasize the 2 tube.
6.6.2. LAB MEDIA: Figure 3B – Video editor: Emphasize the +TCA lane.
6.7. 16S rDNA PCR (pronounce as sixteen-S-R-D-N-A) identified the grown bacteria as C. difficile, which produced specific PCR amplicons of predictable size around 800 base pairs [1]. 
6.7.1. LAB MEDIA: Figure 3C
6.8. Bacteria cultures grown onto a chromID-plate appeared as typical black colonies, which further indicated that bacteria from the zebrafish intestines were C. difficile [1].
6.8.1. LAB MEDIA: Figure 3D



Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. Can Ünal: Working with anaerobic bacteria requires that the preparational steps under aerobic conditions are not extended unnecessarily [1].
7.1.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
7.2. Junkai Li: Innate immune cell in zebrafish can be molecularly manipulated for example to decipher molecular mechanisms of the innate immune cell response to CDI [1].
7.2.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
7.3. Junkai Li: Our method indicates that zebrafish can be a tool to study anaerobic gut pathonges from human.
7.3.1. . INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
7.4. Can Ünal : Working with bacterial multiresistant pathogens requires one to strictly follow the appropriate safety measures.
7.4.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
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