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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) YES If yes, please list make and model of your microscope: Leica TCS SL confocal laser scanning microscope with Leica confocal software version 2.61,  - not using a scope kit
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) YES 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps: 2.8 3.7  4.5  5.3  5.4

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  ______________________________
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:
The overall goal of this procedure is to generate large numbers of infected zebrafish embryos for high throughput compound testing to enable drug discovery. (Intro)
This is accomplished by first using a large breeding vessel to obtain large numbers off synchronous zebrafish eggs in a single event. (P1, Editor, using P1, begin with the left panel and then scroll to the tube in the right panel.)
Next, the eggs are aligned into an agarose grid and infected with bacteria in the yolk using an automated micro-injector. (P2, Editor, with the tube still visible, turn the rectangle in the left panel of P2 so that it is laying flat and pour the embryos from the tube into the rectangle/plate.  Then, bring in the automatic yolk injection panel without the rectangle, and plate the rectangle on the stage as shown.)
When the infection has spread through the embryos, they are presorted by large particle flow cytometry before being treated with drugs. (P3, Editor, begin with the incubator in the right hand panel of P2.  Remove the plate from it and place it into the image in the left hand panel of P3.  Then for ‘being treated with drugs,’ scroll to the jar of antibiotic and pills next to it.)
Finally, the bacterial burden levels in infected embryos are analyzed after compound treatment. (P4, Editor, transition to the P4 panel here, bringing in the two squares and graphs at the upper right after bringing in the panel on the left.)
Ultimately, high resolution analysis through confocal microscopy, vertebrate automated screening, and flow cytometry are used to show with more detail the effects compounds have on the infection. (P5, Editor, use P5 here.)
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Author name Wouter J. Veneman: The main advantage of this method over existing techniques, like manual injections or pixel count analysis, is that with it we can generate a large number of homogenously infected embryos which can be analyzed and sorted in a high-throughput manner. 

Protocol (read by voice talent at JoVE):

2. Prepare Bacterial Strains and Collect Zebrafish Eggs

2.1. To prepare S. epidermidis inoculum, isolate several individual colonies from a plate of S. epidermidis strain O-47 containing a pWVW189 derived mCherry expression vector and inoculate 25 ml of LB supplemented with 10 ug/ml chloramphenicol.  Incubate overnight at 37°C to mid log stage.  
2.1.1. WIDE Talent approaches bench with flask of LB and places down
2.1.2. MED/CU Near flame, talent picks up labelled plate of S. epidermidis and picks several colonies from the plate
2.1.3. MED Talent picks several colonies from the plate and inoculates the LB
2.1.4. WIDE Talent places flask into incubator
2.2. The following day, centrifuge 1 ml of the culture at 12,000 x g for 1 minute and use 1 ml of sterile PBS  with 0.3% v/v Tween-80 to wash the pellet 3 times.

2.2.1. WIDE Talent at bench pipetting 1 ml of culture into a tube

2.2.2. WIDE/MED Talent places tube(s) into centrifuge and turns it on; B need another version for 2.5.1 below

2.2.3. CU Talent adds PBS/Tween 80 to tube of pellet and resuspends; B need another version for 2.5.2 below

2.3. Measure the optical density at OD600 and use 2% w/v polyvinylpyrrolidone40, or pvp40, in PBS to dilute the bacterial suspension to an OD600 equal to 0.3, or 1.0×108 cfu’s per millilitre.   
2.3.1. MED Talent places cuvette into spectrophotometer; B need another version for 2.6.1 below [multiple angle shots taken]
2.3.2. MED/CU Talent pipettes up pvp40 frm labelled container and adds to tube of bacteria; B need an other version for 2.6.2 below
2.4. To prepare M. marinum inoculum, isolate several individual colonies from M. marinum strain M or Ell stably expressing  the pSMT3-mCherry vector from a Middlebrook 7H10 agar plate and inoculate 10 ml of Middlebrook 7H9 broth containing 10% v/v Middlebrook ADC enrichment supplemented with 50 ug/ml of hygromycin.  Incubate overnight at 28°C.
2.4.1. MED/CU Talent picks up plate, removes labelled cover and picks several colonies
2.4.2. MED/CU Talent picks several colonies and inoculates medium
2.4.3. WIDE/MED Talent places tube into incubator
2.5. The following day, centrifuge 1 ml of the culture at 12,000 x g for 1 minute and use 1 ml of sterile PBS with 0.3% v/v Tween-80 to wash the pellet 3 times.  
2.5.1. Use 2.2.2B here

2.5.2. Use 2.2.3B here

2.6. Measure the OD600 of the bacterial suspension, and with 2% w/v pvp40 in PBS, dilute it to an OD600 of 0.3, or 0.3×108 cfu’s per millilitre.
2.6.1. Use 2.3.1B here
2.6.2. Use 2.3.2B here

2.7. To generate zebrafish eggs, the night before collection, place a maximum of 50 female zebrafish into the bottom chamber of a large breeding vessel and 70 males into the top portion of the vessel. 
2.7.1. WIDE/MED Talent places tanks of zebrafish onto bench

2.7.2. MED/CU Large breeding vessel with female zebrafish in bottom vessel and talent places males into top of vessel

2.8. The next morning, remove the separator from the vessel.  After approximately one hour, through the egg collector at the bottom of the breeding vessel, collect the eggs into a 50 ml tube filled with egg water.  
2.8.1. MED/CU Talent removes separator from tank

2.8.2. CU Talent collects eggs into a 50 ml tube of egg water

Extra shot of the eggs in the fish tank and collecting them
3. Embryo Injections

3.1. After preparing injection plates according to the text protocol, on the automated micro-injector operating software, click on ‘Calibrate stage’, then click on ‘1024’ well grid and place the agarose plate in the micro-injector. 
3.1.1. CU Talent places injection plates onto bench
3.1.2. LAB MEDIA 3-1-2_calibrate_stage_1014.png, Editor, point out the ‘Calibrate Stage’ button, then the ‘1024 wells’ grid choice
3.1.3. MED/CU Talent places agarose plate onto microinjector
3.2. Calibrate the plate by clicking on the screen at the centre position of the well. Then go to ‘needle menu’ and click on ‘calibrate needle holder’.
3.2.1. LAB MEDIA 3-2-1_click_on_center_well.png
3.2.2. LAB MEDIA 3-2-2_calibrate_needle_holder.png, Editor, point out the ‘Needle’ tab and then the ‘Calibrate needle holder’ button with the VO
3.3. Using a microloader tip, fill a 10 um diameter tip injection needle with either 10 µl of pvp40 containing 100 cfu/nl of S. epidermidis, 30 cfu/nl of M. marinum, or pvp40 alone for mock injections.
3.3.1. CU/ECU Talent loads injection needle with solution
3.4. Place the needle in the automated micro-injector and calibrate the x, y position by lowering or moving the needle up and clicking on the screen at the position of the needle.  Then calibrate the z position of the needle by clicking on the screen at the position of the tip of the needle.
3.4.1. CU Talent finishes putting the needle into the microinjector

3.4.2. ECU Talent moves needle up or down

3.4.3. LAB MEDIA 3-4-3_needle_before_calibration.png then  3-4-3_needle_calibrated_without_toggle_target.png
3.4.4. LAB MEDIA 3-4-4_needle_calibrated_without_toggle_target.png then  3-4-4_needle_calibrated.png, Editor, use the needle_calibrated.png file and point out the small red circle at the center of the blue circle for ‘clicking on the screen at the position of the tip of the needle’
3.5. Next, use a plastic transfer pipet to distribute the eggs over the agarose grid and remove any excess egg water.  Then place the agarose grid in the automated micro-injector.
3.5.1. CU/ECU Talent takes up embryos from tube then transfers to and distributes on the agarose grid
3.5.2. CU/ECU Talent removes excess water
3.5.3. MED/CU Talent places agarose grid into micro-injector
3.6. In the ‘Injection menu’, adjust the ‘Injection pressure’ setting to 200 hPa, the ‘Injection time’ to 0.2 s and ‘Compensation pressure’ to 15 hPa, which correlates with 1 nl in the Femtojet settings menu.
3.6.1. LAB MEDIA 3-6-1__set_injection_settings.png, Editor, point out the ‘injection pressure’ set at 200, the injection time (should say 2), and the ‘compensation pressure’ at 15 with the VO 
3.7. Click on ‘Inject all’ and inject the entire plate of embryos.  
3.7.1. LAB MEDIA 3-7-1_inject_all.png, Editor, point out the ‘Inject all’ button on the bottom left of the file [Also a shot of the actual injection which can be combined with the lab media]
3.8. After injection, collect the eggs by washing them in a Petri dish and incubate them at 28°C.
3.8.1. CU Talent washes eggs into a Petri dish
3.8.2. WIDE Talent places eggs into incubator
4. Flow Cytometry
4.1. Once the large particle flow cytometer is set up (TEXT: refer to text protocol for details), enter the PMT menu and set the red channel to 650 volts and the green and yellow channels at 0 volts.  

4.1.1. WIDE shot of large particle flow cytometer

4.1.2. LAB MEDIA 5-3-2_run_plate.png, Editor, point out the PMT control values:  650 for red and 0 for green and yellow
4.2. Then, within the Thresholds menu, set the optical density threshold signal to 975 mV and the Time of Flight minimum to 320 microseconds in order to reduce the influence of debris.
4.2.1. LAB MEDIA 4-2-2_optical_density_threshold_signal.PNG, Editor, point out the ‘Thresholds’  box  with the signal and the TOF minimum with the VO – if possible, replace the numbers with the correct numbers (975 mV and 320 for TOF) 
4.3. Place the embryos in the sample cup and in the sort menu, define the maximum of 70 embryos per plate to be sorted by entering 70.  
4.3.1. CU Talent places embryos into sample cup

4.3.2. LAB MEDIA 4-3-2_max_70_embryos_sorted.PNG, Editor, point out the 70/well at the top right
4.4. Place an empty Petri dish under the sorter and click on ‘Manual Sort. When the Petri dish is filled, save the data by clicking on ‘Store all’.
4.4.1. CU Talent places empty Petri dish under sorter
4.4.2. LAB MEDIA 4-4-2_manual_sort.PNG, Editor, point out the ‘Manual Sort’ button at the bottom right with the VO
4.4.3. CU/ECU Full petri dish; B need another shot for 4.5.5 below
4.4.4. LAB MEDIA 4-4-4__store_all.PNG, Editor, point out the ‘Store’ button at the middle right
4.5. Place the embryos in the sample cup and define the maximum of 1 embryo per well to be sorted.  Then position an empty 96 well plate into the left plate holder and click on ‘Fill plate’. When the plate is filled, save the data by clicking on ‘Store all’.
4.5.1. CU Talent places embryos into sample cup
4.5.2. LAB MEDIA 4-5-2_max_1_embryo_sorted.PNG, Editor, point out the 1/well at the top right of the screen
4.5.3. CU Talent places an empty 96 well plate into the left plate holder

4.5.4. LAB MEDIA 4-5-4_fill_plate.png
4.5.5. Use 4.4.3B here Shot of full 96-well plate
4.5.6. LAB MEDIA 4-5-6_store_all.PNG, Editor, point out the ‘Store’ button with the VO
4.6. To analyze drug-treated embryos, at three days post injection with M. marinum, treat one group of embryos with a compound of interest in solvent, and a second group with solvent alone. 

4.6.1. MED/CU Talent pipettes compound into a plate of embryos and then pipettes solvent onto second plate of embryos - have compound and solvent labeled and behind plates

4.7. Place the treated embryos in the sample cup on the flow cytometer and set the sorting to 70 embryos per plate.  At days four and five, retest the embryos with fresh egg water or egg water containing the compound. 

4.7.1. MED/CU Talent places treated embryos in cup onto flow cytometer

4.7.2. LAB MEDIA 4-7-2_max_70_embryos_sorted.PNG, Editor, point out the 70/well at the top right with ‘set the sorting to 70 embryos per plate’
4.7.3. CU/ECU Petri dish being filled

5. High Resolution Imaging
5.1. After anesthetizing embryos in Tricaine and setting up the Vertebrate Automated Screening system and Large Particle Sampler according to the text protocol, from the Imaging – Object – Detection setup menu, select the reference images corresponding to the age of the embryos.

5.1.1. WIDE/MED Talent approaches screening system with 96-well plate of anesthetized embryos and sets down

5.1.2. MED OVER SHOULDER Talent at computer setting up vertebrate automated screening system

5.1.3. LAB MEDIA 5-1-3a_select_reference_images.png, Editor, point out ‘Object detection’ from the drop down menu 
5.1.4. LAB MEDIA 5-1-3b_reference_images_popup.png, Editor, point out the template images for ‘select the reference images…’

5.2. In the Imaging – auto store images menu, select the number of pictures to be created and orientation to be used. 

5.2.1. LAB MEDIA 5-2-1a_autostore_images.png
5.2.2. LAB MEDIA 5-2-1b_autostore_images_popup.png
5.3. Place a 96-well plate filled with embryos into the left plate holder of the Large Particle Sampler and click on Run Plate.

5.3.1. MED/CU Talent places a 96-well plate into left plate holder

5.3.2. LAB MEDIA 5-3-2_run_plate.png, Editor, point out the ‘Run plate’ button on the bottom of the left  panel with the VO
5.4. When an embryo is correctly positioned, use a 10x plain dry objective and image the head and tail separately, then use image processing software to stitch the images together. 

5.4.1. MED OVER SHOULDER Talent at scope looking at screen of embryo correctly positioned [extra SCOPE shot of this step taken]
5.4.2. LAB MEDIA 5-4-2_head_at_10x.tif; 5-4-2_tail_at_10x.tif, Editor, begin with the head on the left and the tail on the right, then for ‘stitching the images together,’ bring the two pieces together and align
6. Results: Analysis of Bacterial Infection in Zebrafish Embryos 
6.1. To assess which developmental stage is best for yolk infection, injections with S. epidermidis and M. marinum were performed at all the different stages between the 1 and 512 cell stage.  As seen here, injections with 100 cfu of S. epidermidis performed between the 16 and 128 cell stage provided the best infection pattern. The bacteria proliferated inside the yolk for 3 days and spread into the body from 3 days post infection onwards.
6.1.1. LAB MEDIA Figure 2, Editor, point out the 16-128 cell stage column with the VO
6.2. High throughput quantification of bacterial burden was performed by fluorescence intensity analysis using the large particle flow cytometer. As shown here, the amount of live bacteria present inside the embryo corresponds very well with the fluorescence signal measured.
6.2.1. LAB MEDIA Figure 3
6.3. This figure demonstrates that the optimal developmental stage for injection of 30 cfu M. marinum injection is between the 16 and 128 cell stage for the E11 strain and between the 16 and 64 cell stage with the more virulent M strain. Embryos injected at these stages showed bacterial growth inside the yolk and spreading of the bacteria through the embryo.
6.3.1. LAB MEDIA Figure 4A, 4B
6.3.2. LAB MEDIA Figure 7, Editor, point out the spreading of the red signal in the tail of the embryo in 7A and 7B for the spreading of the bacteria through the embryo

6.4. After pre-sorting, treatment of M. marinum infected embryos with different concentrations of Rifampicin showed a reduction of the mycobacterial infection in a dose-dependent manner.  
6.4.1. LAB MEDIA Figure 5A, 5B, Editor, point out 5A for presorting and then use a moving arrow in 5B to show how the values in each column on the plot go down from left to right with the VO ‘showed a reduction of the mycobacterial infection in a dose-dependent manner.’
6.5. Using the drug at a dose of 200 uM in future experiments demonstrated that it effectively halted bacterial progression of M. marinum E11 24 hours and onwards after treatment.
6.5.1. LAB MEDIA Figure 6B
7. Conclusion (said by authors on camera)
7.1. Author name Rubén Marín-Juez: After its development, these techniques paved the way for researchers in the field of drug development and compound testing seeking new treatments for infectious diseases such as tuberculosis and biomaterial associated infection in a whole animal vertebrate organism.

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, 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.

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, as well as an introduction to your videographer, closer to your filming date.
( 2011, Journal of Visualized Experiments


