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A. Will you require assistance with video microscopy, such as filming a complex dissection or microinjection technique (Y/N, please specify steps by number. Also, please list make and model of your microscope)? I will use microscopes as described at step 4.7 and 5.7. Stereo microscope with fluorescent illumination: Nikon AZ100; Confocal microscope is Leica SP5. I don’t need assistance for filming complex procedures, just for filming images observed at stereomicroscope and projected on a video. 

B. Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? No, it does not. 

C. Which steps of your protocol will viewers benefit most from having filmed? (use the numbering below) Most important steps of the protocol are following: 4.1, 4.2, 4.5 and 5.5, 5.7, 5.9, 5.14, 5.15, 5.17

D. What is the single most difficult aspect of this procedure and what do you do to ensure success?  
The most important aspect of this procedure is “the time” and “the handling of samples”. It is important that procedures will be filmed exactly on time or that appropriate arrangements will be taken.

E. Will the shoot take place in more than one location?  (Y/N, specify travel time between locations) All procedures will be taken at the same place (lab; first floor).  

Schematic Overview (read by a voice talent at JoVE)

The overall goal of the following experiment is to qualitatively and quantitatively measure oxidative stress in living zebrafish embryos. (Intro)  This is achieved by adding an oxidative solution to prepared embryos for oxidative stress induction or by creating a wound margin at the embryo’s tail fin. (P1)  The embryos are then processed for oxidative stress detection by either a single-cell method (P2) or by a whole mount method. (P3)  Next, the preparations are incubated with a ROS-detecting probe. (P4)  Results can show the amount of oxidative stress and ROS level based on confocal microscopy of whole mounts or cytofluorimetric analysis of single cells. (P5)

Video editor:
P1 – Start with pair of fish, fade to dish of eggs below it and then fade to dish of embryonic fish below that.   When the narration goes to “or by creating a wound”, zoom into the back fin of one of the embryonic fish and make a nick into the fin as seen in footage for step 3.5 of protocol.  Do your best, it need not be perfect, but introduce a stock image of the tool used to make the nick.  The text titles aren’t really needed through this part, so just stick to the graphics.
P2 – Now, add an arrow from the dish and fade the tube below the boxed blue title.
P3 – Add another arrow and fade on the tube below the boxed pink title.  The titles aren’t needed.  The result should be the dish with two arrows leading away to two tubes.  The blow out of the embryonic fish for one of the two tubes is worth keeping, but you could reduce it to one fish and not a whole group.
P4 – Fade out the dish.  Then, introduce the pipette graphic (red) and have red solution be dripped into both of the two tubes.  Text isn’t needed here.  The embryonic fish blow out should become red after the drop is added, as seen at the bottom of the schematic.
P5 – At “confocal microscopy” fade the microscope over the embryonic fish tube – notice the red embryonic fish on the microscope stage is already there for us, so you could animate it shrinking to that spot instead of a total fade out.  At “or cytofluorimetric” fade the FACS machine over the other tube.  




[image: ::Desktop:Screen shot 2014-02-25 at 12.47.25 PM.png]
1. Introductory Interview (spoken by you on camera. Don’t forget to smile!)  

1.1. MMS: The main advantage of this technique over existing methods, like immunofluorescence for oxidative stress markers is that allows the ROS-detection in the context of a living organism and quantification at the level of single tissues.
1.2. AC: This method can help answer key questions in the basic research field, such as exploring oxidative stress dynamics in the contest of a pathological state.  
1.3. VM: Individuals new to this method may struggle because of accidental tissue damage, because the ROS-sensitive molecular probes may be an unplanned source of toxicity and because high levels of oxidative stress might result in cell death while too little may be difficult to detect.  With practice and experimentation, these issues will all resolve themselves.

Protocol Chapters (read by a voice talent at JoVE):
2. Preparations for Oxidative Stress Induction and ROS-Detection
2.1. When preparing the solution for inducing oxidative stress to mitochondria, composed of rotenone in DMSO, it should be made with rotenone stock at a concentration between five and fifty micromolar, and never above one hundred micromolar.
2.1.1. WID: talent arrives to bench where DMSO retinoic acid can be used
2.1.2. MED: taking aliquot of DMSO and adding to mix
2.1.3. MED: taking aliquot of retinoic acid pro-oxidant solution stock (rotenone) and adding to mix
2.2. Rotenone is toxic and hazardous.  Take heed of the labeled precautions.
2.2.1. WID: talent finishing the mixture of the solution, focus on hand protection, body protection, eye protection
2.3. The probe solution for whole-mount ROS-detection should not be exposed to any light or oxygen during its preparation, and it must be prepared fresh.
2.3.1. WID: at fume hood, fake the preparation of whole mount probe solution
2.3.2. CU: completed probe solution, talent labels tube
2.4. For the single cell ROS-detection method, a stop solution of FBS in PBS must be prepared and kept at 4ºC.  
2.4.1. MED: adding FBS and PBS to a tube for stop solution
2.4.2. MED: mixing FBS and PBS and putting mixture at 4 ºC, or on ice
2.5. Other preparations include setting the zebrafish air incubator to 28ºC and, for the single cell method, cooling the centrifuge to 4ºC.
2.5.1. WID>CU: dialing in incubator to 28 ºC – zoom into temperature reading on incubator
2.5.2. WID>CU: turning on the cooling cycle for the centrifuge – zoom into the temp setting on centrifuge
3. Oxidative Stress Induction
3.1. Zebrafish crosses, embryo collection and anesthesia are all performed using standard methodology.  Collect embryos of interest between 48 and 72 hours post fertilization.
3.1.1. WID: talent approaches fish tank where crosses set up
3.1.2. MED: collecting eggs from the tank
3.1.3. CU: collected embryos at 48-72 hours
3.2. After anesthetizing the embryos, wash out the anesthetic twice.  Then, load the embryos into three dishes with no more than 30 per dish.   For single-cell ROS-detection, collect at least 35 embryos per condition in multiple dishes.
3.2.1. MED: rinsing out anesthetic solution from embryo collection
3.2.2. CU: transferring and loading embryos into three dishes with about 30 per dish
3.2.3. MED: finishing loading the third dish, three loaded dishes at end of shot ready for solution additions
3.3. Next, apply 10 ml of oxidant solution or, as a negative control, apply 10 ml of water.  Then, wait 10 to 60 minutes, while the embryos incubate at 28ºC.
3.3.1. MED: adding oxidation solution to one dish and water to another dish  
3.3.2. MED CU: loading embryos into the incubator
3.4. Also, pre-warm HBSS to 28ºC for the wash.  
3.4.1. MED: loading HBSS into the incubator with embryos and closing door
3.5. After the incubation, transfer the embryos to a new dish of warm HBSS and swirl.  Then, proceed with either whole-mount or single cell ROS-detection. 
3.5.1. MED: transferring one dish of embryos to dish of HBSS, swirling after
3.5.2. [combined with 3.5.1] CU: next dish of embryos being added into to next dish of HBSS
3.6. A more physiological option is to generate stress after tissue damage, by using the tail fin wounding technique described by Niethammer and company. (TEXT: Niethammer, P, et. al., Nature 459, 996-999 (2009).)
3.6.1. MED: talent preparing to wound tail fins, showing appropriate tool(s)
3.6.2. ECU or SCOPE: performing a tail wound on an embryo, then repeating on next embryo
4. Whole Mount ROS-Detection
4.1. After oxidant treatment, transfer groups of up to ten embryos to small tubes.  Rinse them heavily with HBSS and protect them from light with foil.
4.1.1. WID: talent adding embryos from HBSS plate to small tubes
4.1.2. CU: loading a tube with embryos, followed by aliquot of HBSS being added to same tube, then wrapping foil around tube 
4.2. Next, add a milliliter of ROS-detection solution to each tube and incubate the tubes for 15 minutes, at 28ºC.
4.2.1. MED: taking aliquots of ROS-probe solution and adding to foil-wrapped tubes
4.2.2. WID: loading tubes into 28 ºC incubator
4.3. While they incubate, prepare a glass slide to contain both the control and experimental condition.  Cover a depression slide with 300 µL of methycellulose.  Do not make bubbles when ejecting the methycelluose.
4.3.1. WID: returning to bench and unpacking slide that holds two conditions
4.3.2. MED: taking aliquot of methycellulose
4.3.3. [combined with 4.3.2] CU: adding methylcellulose to the slide, no bubbles made
4.4. After the embryo incubation, quickly replace the solution in the tubes with 2 ml of HBSS and invert the tubes several times to wash the embryos.
4.4.1. WID: talent arrives to bench with foil lined tubes and then proceeds to remove solution from one
4.4.2. MED: finishes removing solution from last of foil lined tubes, then adds aliquot of HBSS to each, caps and mixes tube
4.5. Then, aspirate the embryos into the tip of a micropipette and gently eject them into the treated slide. 
4.5.1. ECU: drawing embryos into micropipette from foil-lined tube
4.5.2. ECU: ejecting them into the depression slide prepared in 4.3
4.6. Orient the embryos using a fine nylon line and proceed with using a fluorescent or confocal scanning microscope for analysis.  Be sure to analyze all the embryos under the same settings.
4.6.1. WID: talent sets slide at stage of microscope to orient the embryos
4.6.2. SCOPE: orienting the embryos for analysis
5. Single Cell ROS-Detection
5.1. Transfer the embryos from the HBSS wash to a new dish, removing as much of the solution as possible. 
5.1.1. Reuse 3.5.1 and 3.5.2 - snippets
5.1.2. [bookmark: _GoBack]MED: moving the embryos from HBSS wash to a new dish, then taking aliquot of PBS (cold) and adding to plate 
5.1.3. MED: taking aliquot of protease inhibitor cocktail and adding to plate [this was filmed, but remove it]
5.2. Now, manually dechorionate the embryos. This is truly necessary to dissociate embryos into single cells.
5.2.1. WID: talent places plate under scope and gets situated for dechorionation of the embryos
5.2.2. SCOPE: dechorionating the embryos with forceps and needle - several repetitions 
5.3. Next, move the embryos into a 24-well plate.  Load 15 embryos into each well.   Optimally, fill three wells for each condition.
5.3.1. MED: picking embryos from plate and depositing them in well of 24-well plate
5.3.2. CU: loading last of several wells loaded with embryos, show all the loaded wells (could be two wells, but could be six, optimally)
5.4. Next, remove all the solution and replace it with 300 µL of HBSS, 30 µL of collagenase P and 50 µL of Trypsin-EDTA. 
5.4.1. ECU: drawing up all possible solution from one well
5.4.2. MED: adding three solutions to each well, each solution added separately, show the order that the three are added in (HBSS, coll P, Tryp-EDTA) – it may just be just one addition of solution per well, which contains all three components 
5.5. Using a 1 ml pipette tip, homogenize the embryos with trituration.
5.5.1. ECU: homogenizing the content of one well with 1 ml pipette tip
5.6. Once all the wells are prepared, transfer the plate to 28ºC for at least 20 minutes.
5.6.1. WID: loading 24-well plate into the 28 ºC incubator and then starting a timer
5.7. Every five minutes, triturate the samples to ensure good homogenization.
5.7.1. [Reuse 5.5.1] MED: accessing the 24-well plate and mixing up the well solutions, as in 5.5 
5.8. Also, put some microfuge tubes on ice to collect the tissues when they are ready.  
5.8.1. MED: putting empty tubes on ice, stop solution should be on ice too
5.9. At twenty minutes, take a sample and check that the tissue is disrupted into a single-cell suspension under a microscope.  If not, continue the incubation for up to 30 minutes in total.
5.9.1. MED: at microscope, taking an aliquot 24-well plate and placing it on a slide, then checking slide with microscope
5.9.2. SCOPE: fully homogenized well of solution at single-cell suspension
5.10. When the tissue is ready, stop the reaction with an addition of 200 µL of stop solution.  Mix this in with trituration using a 1 ml pipette tip.
5.10.1. MED: taking aliquots of stop solution, from tube on ice, and adding to wells of plate
5.10.2. CU: mixing the well solutions with pipette tip
5.11. Next, transfer the content of each well into a pre-chilled microfuge tube and keep these tubes on ice, out of the light.
5.11.1. MED: talent moves contents of wells into empty tubes on ice, does this for each well, pooling contents into two tubes
5.11.2. MED: covers ice bucket, so the tubes are in the dark
5.12. Then, centrifuge the samples at 250 Gs for five minutes at 4 ºC and then remove the supernatant by aspiration.  Re-suspend the cell pellet in ice-cold HBSS with gentle trituration and check that the suspension has at least two million cells.
5.12.1. WID: loading tubes into centrifuge (set to cool down from section 2)
5.12.2. MED: aspirating solution from one tube, then the next
5.12.3. MED: adding HBSS to each tube then mixing content of each tube with pipette
5.13. Next, re-suspend the cells (TEXT: 250 x g, 5 min, 4 ºC) in a milliliter of the ROS-sensitive probe solution.  Incubate them at room temperature and in the dark for about three minutes.  Adjust this incubation time empirically.
5.13.1. ECU: pellet of cells in tube, solution added and mixed up into pellet
5.13.2. MED: adding HBSS to and mixing up the next tube
5.13.3. MED: setting next to other tube and covering them both up to shield the reaction from light
5.14. Next, transfer the cells to FACS tubes, shielded from light.  Proceed with FACS analyses to detect the transgenic marker fluorescence and ROS probe fluorescence.
5.14.1. MED: transferring cells from the incubation tubes to FACS tube, loading the first tube and taking aliquot for second tube
5.14.2. [combined with 5.14.1] CU: loading the second FACS tube
5.15. AC: During your analysis, always calculate ROS levels as fold increases compared to the control samples to normalize out the background fluorescence. 
5.15.1. MED/WID: talent interview at shots for 5.14, i.e. at bench
6. ROS-Detection in Whole Mount and Single Cells
6.1. Whole mount ROS-detection was used to examine hydrogen peroxide accumulation at a wound site.  Intact and injured tails were compared after 20 minutes of oxidant treatment.  Non-specific signal was detected in both conditions.
6.1.1. LAB MEDIA: Figure 2A
6.2. The same experiment, with a pre-treatment of the embryos to lower hydrogen peroxide levels using DUOX-inhibitor VAS2870, revealed that the detected signals were indeed dependent on ROS accumulation.
6.2.1. LAB MEDIA: Figure 2B
6.3. Rotenone-treated embryos were also examined by whole mount.  
6.3.1. LAB MEDIA: Figure 2C
6.4. Under high magnification, anatomical regions could be identified that produced ROS, as indicated by fluorescence.
6.4.1. LAB MEDIA: Figure 2D 
6.5. Counting of ROS-positive cells by FACS was performed for single cell ROS-detection.
6.5.1. LAB MEDIA: Figure 3A
6.6. This analysis was carried out without the inclusion of dead cells.
6.6.1. LAB MEDIA: Figure 3B
6.7. Control cells, without treatment, were also analyzed.
6.7.1. LAB MEDIA: Figure 3C
6.8. Comparing these results made quantification of ROS-accumulation very easy.  The assay proves to be excellent for testing any number of experimental manipulations.
6.8.1. LAB MEDIA: Figure 3D
6.8.2. LAB MEDIA: Figure 3E
6.8.3. LAB MEDIA: Figure 3F
6.8.4. LAB MEDIA: Figure 3G
Video editor – fade between the panel, mostly even with the narration.  The second panel should come in at the start of the second sentence and the last can be added at the end of the narration and left on screen with a few seconds of silence.

7. Conclusion Interview (spoken by you on camera)
7.1. VM: Once mastered, this technique can be done in 90 minutes if it is performed properly.
7.2. AC: Don't forget that working with molecular probes can be extremely hazardous and precautions, such use of gloves, should always be taken while performing this procedure.  


List of Provided Media Filenames and Descriptions (fill this in)

6.1 Figure 2A.pdf
6.2 Figure 2B.pdf
6.3 Figure 2C.pdf
6.4 Figure 2D.pdf
6.5 Figure 3A.pdf
6.6 Figure 3B.pdf
6.7 Figure 3C.pdf
6.8 Figure 3D.pdf, Figure 3E.pdf, Figure 3F.pdf, Figure 3G.pdf


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.
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