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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)_N_ (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___N_____ 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.
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) 2.5) 4.3) 4.4) 5.1)
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.) __2.4) and 4.3) To induce fibrotic liver, it is essential to maintain the ethanol concentration.;  2.5) It is critical to sort larvae with near-complete ablation of hepatocytes for either chemical screens or further immunohistochemical analyses.
E.  Will the filming need to take place in multiple locations? (Y/N) ___Y___ If yes, how far apart are the locations? The zebrafish facility is located in the next building, just cross the road.


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 protocol is to establish an ethanol-induced fibrotic liver model in zebrafish and to perform chemical screens using this model. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Chong Shin: This method can help answer key questions in the liver regeneration field, such as the molecular and cellular mechanisms of how hepatocytes regenerate in the fibrotic liver. 
1.2. Chong Shin: The main advantage of this technique is that it is a cost-effective and time-saving in vivo chemical screening. Furthermore, a detailed time-course analyses can be performed through visualization of a single-cell.   

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. ** Chong Shin: Demonstrating the procedure will be Mianbo Huang, a post doc; and Jin Xu, a graduate student from my laboratory. 
1.3.1. Interview style: Author saying the above 
1.3.2. The named, post doc, looks up from workbench or desk or microscope and acknowledges the camera.  Editor, show when mentioned.
1.3.3. The named grad student looks up from workbench or desk or microscope and acknowledges the camera.  Editor, show when mentioned.

E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.4. Procedures involving zebrafish were approved by the Institutional Animal Care and Use Committee of the Georgia Institute of Technology.

Protocol (read by voice talent at JoVE):


2. Ethanol and Metronidazole Treatment and Liver Regeneration in Larval Zebrafish
2.1. After preparing reagents according to the text protocol [2.1.1-WIDE], set up mating tanks with dividers using adult transgenic zebrafish containing fatty acid binding protein 10a CFP Nitro with Tp1 mCherry (pronounce “M cherry”) [2.1.2-MED/CU] and transgenic hand2 (pronounce “hand two”) EGFP zebrafish [2.1.3-MED/CU-TXT]. 
2.1.1. Talent at bench places a reagent onto bench next to other reagents prepared
2.1.2. Talent transfers Tg fabp10a CFP-NTR fish from labeled tank into one side of a mating tank 
2.1.3. Talent adds hand2:EGFP fish to other side of tank (TEXT: [Tg(fabp10a: CFP-NTR)gt1; Tg(Tp1: mCherry)jh11] and Tg(hand2:EGFP)pd24) 
2.2. The following morning, two hours after removing the dividers [2.2.1-MED/CU], harvest the embryos by straining the system water and transferring the embryos into 100 mm petri dishes containing embryo medium [2.2.2-CU].
2.2.1. Shot of tanks without dividers talent removes dividers and fish swimming around and talent transfers insert with fish into new tank
2.2.2. Talent finishes straining water with embryos and transfers to petri dish of embryo medium (TEXT: incubate at 28C, add PTU according to text protocol)
Added shot: ECU: embryos in dish
2.3. At 56 hours post fertilization, or hpf, add 1.5% ethanol to the embryos [2.3.1-CU]. Use plastic wrap to cover the plates to prevent EtOH (pronounce “ethanol”) evaporation [2.3.2-CU] then incubate at 28 degrees C (pronounce “Celsius”,) for 24 hours [2.3.3-WIDE].
2.3.1. Talent adds ethanol to embryos in dishes
2.3.2. Talent covers a plate with plastic wrap
2.3.3. Talent places plates into incubator
2.4. Prepare fresh 15 mM (pronounce “millimolar”) MTZ in embryo medium with 0.1% DMSO [2.4.1-CU] and add EtOH to a final concentration of 1.5% [2.4.2-CU]. Then, at 80 hpf, treat the sorted embryos with 20 ml (pronounce “milliliters”) of EtOH/MTZ solution per petri dish [2.4.3-MED/CU]. 
2.4.1. Talent finishes preparing MTZ with DMSO 
2.4.2. Talent adds EtOH to MTZ/DMSO
2.4.3. Talent opens a petri dish and adds EtOH/MTZ
2.5. Use plastic wrap to cover the plates to prevent EtOH evaporation and cover with foil to protect from light [2.5.1-CU], then incubate at 28 degrees C for 24 hours [2.5.2-WIDE].
2.5.1. Talent covers a plate with plastic wrap then with foil – have other plates covered and visible in background
2.5.2. Talent places plates into incubator; B need another version for 3.4.4 below; C need another version of talent putting mating tanks into incubator for 4.3.3 below; D need another version of placing covered crossing tanks into incubator for 4.4.4 below 
2.6. The following day, observe the embryos under an epifluorescence microscope [2.6.1-MED] using a CFP filter and a magnification of 80X to sort out the larvae with near-complete ablation of hepatocytes [2.6.2-LM]. 
2.6.1. Talent sitting at scope looking at embryos through oculars
2.6.2. LAB MEDIA Figure 54002_Chong Shin_Figure 1.tif 
3. Chemical Screens in EtOH/MTZ-treated Larval Zebrafish 
3.1. To carry out chemical screens, remove the 96-well plates containing 10 mM chemical stocks in DMSO from the -80-degree freezer [3.1.1-WIDE].  Use aluminum foil to cover the plates to prevent photocatalytic degradation of the chemicals [3.1.2-MED/CU] and thaw with gentle rocking at room temperature [3.1.3-MED].
3.1.1. Talent removes chemicals from freezer
3.1.2. Talent covers chemicals with foil
3.1.3. Talent places chemicals on rocker and starts it rocking gently 
3.2. In 1.5 ml tubes, prepare chemical solutions by diluting 5 µL (pronounce “microliters”) of 10 mM stock solutions with 1 mL of embryo medium to a final concentration of 50 µM (pronounce “micromolar”) [3.2.1-CU].
3.2.1. Talent pipettes 5 ul of a chemical and adds to 1 ml of embryo medium in tubes 
3.3. Next, transfer 5 larvae per well with near complete hepatocyte ablation to 24-well plates filled with embryo medium [3.3.1-CU/ECU-TXT].
3.3.1. Talent places embryos into a well and 5 embryos can be seen from top view of well (TEXT: use duplicate wells for each chemical)
3.4. Then, remove the embryo medium [3.4.1-CU] and add 500 ul of the chemical solutions to each well [3.4.2-CU].  With aluminum foil, cover the plates [3.4.3-CU] and incubate the larvae at 28 degrees C for 50 hours [3.4.4-WIDE-TXT].
3.4.1. Talent finishes removing embryo medium from a well
3.4.2. Talent adds chemical solution to wells (TEXT: refer to text protocol for more details)
3.4.3. Talent covers plates with foil
3.4.4. Use 2.5.2B here
3.5. After the incubation, observe the number and/or intensity of CFP-expressing hepatocytes under an epifluorescence microscope at 80X magnification [3.5.1-MED].  Image live larvae with enhanced or reduced numbers and/or intensity of CFP-expressing hepatocytes [3.5.2-SCREEN/LM].
3.5.1. Talent sitting at microscope places plate of fish onto stage and examines for CFP expression
3.5.2. LAB MEDIA Figure 3.pdf, Editor, use only panels B – E here Use lab media 3.5.tif
4. Ethanol and Metronidazole Treatment, and Liver Regeneration in Adult Zebrafish 
4.1. Set up matings of transgenic zebrafish containing fatty acid binding protein 10a CFP Nitro with Tp1 mCherry [4.1.1-MED-TXT] and raise the sorted larvae to 6-12 months old [4.1.2-MED/CU]. 
4.1.1. Talent sets up mating tanks with transgenic fish (TEXT: [Tg(fabp10a: CFP-NTR)gt1; Tg(Tp1: mCherry)jh11])
4.1.2. Tank of 6-12 month old transgenic fish swimming in a labeled tank
4.2. Use a net to transfer the adult transgenic zebrafish to mating tanks [4.2.1-CU-TXT]. 
4.2.1. Talent transfers transgenic fish to mating tanks (TEXT: up to 10 fish/tank)
4.3. Prepare fresh 1% EtOH in system water, [4.3.1-CU] then use 500 ml of the solution to replace the system water in the mating tanks [4.3.2-MED/CU].  Incubate the tanks at 28 degrees C for 72 hours [4.3.3-WIDE], transferring fish into fresh EtOH solution and removing any dead fish daily during the incubation [4.3.4-MED/CU].
4.3.1. Talent adds EtOH to system water to prepare 1% EtOH
4.3.2. Talent adds 500 ml of 1% ethanol to a mating tank with fish and transfers fish into tank cover tank with plastic wrap
4.3.3. Use 2.5.2C here
4.3.4. Talent replaces water in a tank Use a net to transfer fish into another mating tank with freshly prepared 1% EtOH solution and removes any dead fish if present
4.4. Prepare fresh 10 mM MTZ solution in system water with 0.1% DMSO [4.4.1-CU].  Then add 500 ml of prewarmed MTZ solution to fish in 1 liter mating tanks [4.4.2-MED/CU].  Use aluminum foil to cover the tanks, [4.4.3-MED/CU] incubate at 28 degrees C for 8 hours, and analyze according to the text protocol [4.4.4-WIDE].
4.4.1. Talent completes adding MTZ to system water and then adds DMSO
4.4.2. Talent adds 500 ml solution to a crossing tank of 
4.4.3. Film as written
4.4.4. Use 2.5.2D here
5. Adult Zebrafish Liver Fixation, Immunostaining, and Confocal Imaging
5.1. After anesthetizing fish according to the text protocol [5.1.1-CU], expose the gastrointestinal organs by using scissors to cut the skin and underlying muscle along the belly from the anal fin to the operculum [5.1.2-CU/ECU].  Then cut posteriorly along the side of the fish back to the anal fin [5.1.3-ECU].
5.1.1. Talent places anesthetized fish on work station
5.1.2. Talent cuts skin and underlying muscle along belly from anal fin to operculum; Videographer, have talent point out the operculum; Editor, point out the operculum 
5.1.3. Film as written – have talent show gi organs, Editor, point out the gi organs 
5.2. Place the fish into a 15 ml conical tube and use PBS to wash once [5.2.1-CU].  Then remove the PBS and add 4 ml of freshly prepared 3% formaldehyde in PEM buffer [5.2.2-CU].  Incubate at 4 degrees C overnight to fix the fish [5.2.3-WIDE].
5.2.1. Talent places fish into tube and adds PBS to wash
5.2.2. Talent removes PBS and adds 3% formaldehyde in PEM
5.2.3. Talent places tube with fish into fridge
5.3. The following day, after washing the samples according to the text protocol [5.3.1-CU], cut the esophagus to dissect the whole gut with the liver from the body cavity [5.3.2-CU/ECU].  Then place the gastrointestinal organs in a sectioning mold [5.3.3-CU/ECU] and use 4% low-melting agarose to embed the tissue [5.3.4-CU/ECU].
5.3.1. Talent removes fish from final wash and places on work station
5.3.2. Talent cuts esophagus and removes gut with liver from body cavity
5.3.3. Talent places tissue in sectioning mold
5.3.4. Talent adds 4% agarose to organ in sectioning mold
5.4. Next, trim the block into a trapezoid shape and glue it to the base. Then use a vibratome and starting from the anterior end of the tissue [5.4.1-CU/ECU], cut samples into transverse sections at 50 um intervals into ice cold PBS [5.4.2-ECU].  Use a #1 paintbrush to transfer the sections to a 6-well plate with PBS [5.4.3-ECU].
Added shot: Talent removes block from sectioning mode, trims the block into a trapezoid shape and glues to the base with anterior end facing up.
5.4.1. Talent places block into vibratome with anterior end near blade
5.4.2. Film as written
5.4.3. Talent transfers sections to 6-well plate containing PBS using a paintbrush
5.5. After immunostaining the sections according to the text protocol, use a #1 paint brush to gently transfer the sections to glass slides [5.5.1-CU].  Use Kim wipes to remove excess PBS [5.5.2-CU] before adding a drop of mounting medium and a coverslip [5.5.3-ECU].  Then use nail polish to seal the cover glass [5.5.4-ECU].
5.5.1. Talent transfers immunostained sections to a glass slide
5.5.2. Film as written
5.5.3. Film as written
5.5.4. Talent seals a slide
5.6. Finally, using a confocal system [5.6.1-MED] equipped with a 40x/1.3 NA oil lens [5.6.2-CU], capture Z stack images at 20-50% strength and 1 um intervals [5.6.2-LM].
5.6.1. Shot of confocal microscope
5.6.2. Shot of 40x lens moving into place
5.6.3. LAB MEDIA 54002_Chong Shin_Figure 2.tif, Editor, for Z stack images, point out the checked ‘Z stack’ option near the top left.  For 20-50% strength, under ‘Channels’ at the bottom right, point out the ‘40%’ checked for ‘lasers.’  For 1 um intervals, under ‘Z stack’ near top center, point out the ‘interval’ of ‘1.00.’
6. Results: Hepatocyte Regeneration in Ethanol-treated Zebrafish Liver
6.1. This figure shows that EtOH/MTZ treated larvae develop upward curvature of the trunk and tail, pericardial edema, and failure to inflate the swim bladder [6.1.1-LM].
6.1.1. LAB MEDIA: 54002_Chong Shin_Figure 3.tif, Editor, point out the upward curve of the trunk and tail.  For ‘pericardial edema,’ in the EtOH/MTZ fish, point out the slight lumpiness below and to the right of the dark eyes compared to the control fish.  And for ‘failure to inflate swim bladder’ in the EtOH/MTZ fish, point out the corresponding area shown in the control of the black round structure with the white line across it that is missing in the EtOH/MTZ fish.

6.2. As seen here, DMSO treated control livers showed no fibrillar type I collagen deposition [6.2.1-LM] whereas EtOH/MTZ treated livers displayed elevated type I collagen accumulation at 25 and 50 hours post ablation [6.2.2-LM].
6.2.1. LAB MEDIA: 54002_Chong Shin_Figure 4.tif, Editor, in the Collagen 1a panel, point out the big black space for ‘showed no fibrillar type I collagen deposition.’
6.2.2. LAB MEDIA: 54002_Chong Shin_Figure 5.tif, Editor, for ‘25 and 50 hours post ablation,’ point out the strong white signal in both Collagen 1a panels.

6.3. In addition, compared to DMSO-treated control livers, HSCs increased in number and adopted a myofibroblast-like shape lacking cytoplasmic processes in the EtOH/MTZ-treated regenerating livers [6.3.1-LM].
6.3.1. LAB MEDIA: 54002_Chong Shin_Figure 6.tif, Editor, point out the top ‘Control’ panel for the first part of the sentence.  For ‘a myofibroblast-like shape,’ point out the green areas of shading in D’’ and E’’ of the EtOH/MTZ-treated regenerating livers. 

6.4. This figure shows the development of an EtOH-induced fibrotic liver model in adult zebrafish treated with 1% ethanol followed by MTZ [6.4.1-LM].
6.4.1. LAB MEDIA: 54002_Chong Shin_Figure 7.tif

6.5. From time course analyses, significantly elevated type I collagen deposition in the EtOH/MTZ-treated regenerating livers at 2, 3, and 4 days-post-ablation was observed [6.5.1-LM] as compared to DMSO-treated livers [6.5.2-LM].
6.5.1. LAB MEDIA: 54002 Chong Shin_Figure 8.tif, Editor, point out the 2, 3, and 4 dpa when mentioned.
6.5.2. LAB MEDIA: 54002_Chong Shin_Figure 9.tif, Editor, place this under Figure 8 when DMSO treated livers are mentioned.

6.6. In this chemical screening experiment, hepatocytes were ablated in the presence of 1.5% ethanol and 15 mM MTZ and the larvae were then exposed to chemicals for 50 hours [6.6.1-LM].
6.6.1. LAB MEDIA: 54002 Chong Shin_Figure 10.tif

6.7. A number of Wnt agonists, such as inhibitors of glycogen synthase kinase-3 and a Wnt activator, promoted hepatocyte regeneration [6.7.1-LM] compared to DMSO.  These data suggest that this sustained fibrotic model provides an invaluable tool to discover small molecules that enhance hepatocyte regeneration [6.7.2-LM].
6.7.1. LAB MEDIA: 54002_Chong Shin_Figure 11.tif, Editor, for GSK-3 inhibitors, point out C and D and for a novel Wnt activator, point out E
6.7.2. LAB MEDIA: 54002 Chong Shin Figure 12.tif, Editor, add in this panel under C, D, and E for ‘compared to DMSO.’


7. Conclusion (said by authors on camera)

7.1. Chong Shin: Once mastered, this technique can be done in one week if it is performed properly.
7.2. Chong Shin: While attempting this procedure, it’s important to remember to achieve near-complete ablation of hepatocytes and to maintain the ethanol concentration throughout the procedure.
7.3. Chong Shin: Following this procedure, the efficiency of the identified chemical compounds can be tested in mammalian liver injury models.
7.4. Chong Shin: After its development, this technique can open up new avenues in the field of cellular regeneration therapy to explore the potential discovery of novel therapeutic strategies for chronic liver failure patients.
7.5. Chong Shin: After watching this video, you should have a good understanding of how to develop an ethanol-induced fibrotic liver model in zebrafish and how to perform chemical screens.
7.6. Chong Shin: Don't forget that working with formaldehyde can be extremely hazardous and precautions such as wearing gloves and handling the reagent in a chemical fume hood should always be taken while performing this procedure.   
*Note to the Authors: Interview statements will be edited to conform to the length restrictions. I am happy to help if you have any questions.
   

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.
2.5- 54002_Chong Shin_Figure 1.tif – Sample animals showing near-complete ablation of hepatocytes
5.6- 54002_Chong Shin_Figure 2.tif – Confocal microscope settings
6.1.1- 54002_Chong Shin_Figure 3.tif - This figure shows that EtOH/MTZ treated larvae demonstrated upward curvature of the trunk and tail, pericardial edema, and failure to inflate the swim bladder
6.2.1- 54002_Chong Shin_Figure 4.tif - DMSO treated control larval livers showed no fibrillar type I collagen deposition
6.2.2- 54002_Chong Shin_Figure 5.tif - EtOH/MTZ treated larval livers displayed elevated type I collagen accumulation at 25 and 50 hours post ablation
6.3.1- 54002_Chong Shin_Figure 6.tif - compared to DMSO-treated control larval livers, HSCs increased in number and adopted a myofibroblast-like shape lacking cytoplasmic processes in the EtOH/MTZ-treated regenerating larval livers
6.4.1- 54002_Chong Shin_Figure 7.tif - the development of an EtOH-induced fibrotic liver model in adult zebrafish treated with 1% ethanol followed by MTZ
6.5.1- 54002_Chong Shin_Figure 8.tif - elevated type I collagen deposition in the EtOH/MTZ-treated regenerating adult livers at 2, 3, and 4 days-post-ablation was observed
6.5.2- 54002_Chong Shin_Figure 9.tif - compared to DMSO-treated adult livers
6.6.1- 54002_Chong Shin_Figure 10.tif - hepatocytes were ablated in the presence of 1.5% ethanol and 15 mM MTZ and the larvae were then exposed to chemicals for 50 hours
6.7.1- 54002_Chong Shin_Figure 11.tif - A number of Wnt agonists such as inhibitors of glycogen synthase kinase-3 and a Wnt activator promoted larval hepatocyte regeneration
6.7.2- 54002_Chong Shin_Figure 12.tif - compared to DMSO-treated larval livers


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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