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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? Y
Can you record movies/images using your own microscope camera? 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: Olympus  ZS61 
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? N  

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.) 4.5.; 5.2. – 5.6. 
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

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.) 5.3. and 5.4. 
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

E.  Will the filming need to take place in multiple locations? Y 
If yes, how far apart are the locations? Same building but different floors, 2nd and 3rd 
Voiceover reference 

pneumatic pump (Pronunciation: “New-matic”)

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.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Mirja: We use this protocol to search for novel vaccine candidates against tuberculosis, but it can be applied to other infectious diseases [1-MED].
1.1.1. Named author states the above, looking slightly off to the slide. 
1.2. Mirja: Compared to mammalian models, this method provides a cost-effective procedure for the preliminary screening of novel DNA-based vaccine candidates [1-MED].
1.2.1. Named author states the above, looking slightly off to the slide. 
B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. Mirja: Demonstrating the procedure will be Hannaleena Piippo, a technician from our laboratory.  
1.3.1. Interview style: Author saying the above 

1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

D.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
Experiments including adult zebrafish require a permission for animal experimentation for both the vaccination and the subsequent studies with the infection model. All methods and experiments described here are approved by the Animal Experiment Board of Finland (ESAVI) and the studies are carried out in accordance with EU directive 2010/63/EU. 

Protocol: (read by voice talent at JoVE)
2. Pulling the Microinjection Needles 
2.1. To begin, set the glass capillary into the V-groove in the puller bar and tighten the clamping knob lightly [1-CU-TXT].
2.1.1. Talent sets the glass capillary into the micropipette-needle-fabrication device. TEXT: 10-cm aluminosilicate glass capillaries

2.2. Move the holder next to the filament and gently push the capillary through the filament and into the puller bar on the other side of the filament [1-CU-TXT].
2.2.1. Talent moves the holder next to the filament and pushes the capillary through the filament. TEXT: Avoid touching the filament with the capillary

2.3. Next, tighten the clamping knobs, set down the safety glass, and press the pull button [1-CU-TXT].

2.3.1. Talent tightens the clamping knobs, puts the safety glass down, and presses the pull button. TEXT: Caution: Filament is hot

2.4. After this, place the needles onto a piece of reusable adhesive inside a Petri dish to protect the needle tips [1-CU].
2.4.1. Talent places the needle onto a piece of adhesive inside of a Petri dish. 
3. Filling the Micropipette Needles 
3.1. First, prepare the injection mix using 0.5 to 12 micrograms of plasmid per dose [1-CU]. Prepare the appropriate volume of master mix for the number of fish in the group [2-CU-TXT]. 

3.1.1. Talent prepares the vaccine mix. 

3.1.2. Talent places the labeled container of vaccine master mix on the lab bench. TEXT: See text for control group details
3.2. Place the capillary needle on the sticky side of a piece of tape on an appropriate holder [1-CU].

3.2.1. Talent places a needle onto the sticky side of a piece of tape that is mounted onto a holder (i.e. an empty pipette tip box).

3.3. Next, pipet droplets of plasmid doses onto a piece of laboratory film.

3.3.1. Talent pipet droplets of plasmid mix onto piece of laboratory film.

3.4. After this, use a loading tip to transfer the plasmid drops from the film into the needle [1-CU]. Pipet slowly and carefully to avoid pipetting air bubble into the needle [2-ECU].

3.4.1. Talent uses a loading tip to transfer vaccine into a needle. 
3.4.2. Talent pipets plasmid drops into the needle. Show detail of the needle so the viewer can see that there are no air bubbles in the needle.

4. Setting the Microinjector and Electroporator for Immunization
4.1. Position the micromanipulator and a light source [1-MED]. Then, switch the air pressure tap to the open position [2-CU].
4.1.1. Talent sets up the micromanipulator and a light. 

4.1.2. Talent switches the air pressure tap to the open position. 

4.2. On the microinjector front panel, adjust the pulse length to 10 seconds using timed mode [1-CU]. Then, fine-tune the pulse length with the 10-turn period dial [2-CU]. 
4.2.1. Talent adjusts the pulse length. 
4.2.2. Talent turns the 10-turn period dial to demonstrate fine-tuning the pulse length.

4.3. Next, set the needle onto the micropipette holder of the micromanipulator [1-CU]. Use tweezers to cut the tip of the needle to allow liquid to be pushed out [2-CU]… and use the microscope to assess the position of the needle [3-MED].
4.3.1. Talent sets the needle into the micromanipulator. 

4.3.2. Talent uses tweezers to cut the tip of the needle. 

4.3.3. Talent sits at the micromanipulator and looks through the scope to assess the position of the needle. 

4.4. Press the remote foot switch once to verify that a 1 second pulse pushes a small droplet out of the needle [1-SCOPE-TXT]. 

4.4.1. Talent presses the foot switch and a droplet is observed coming out of the needle through the scope. TEXT: Pulse initiator button may also be used

4.5. Then, adjust the electroporator settings and connect the tweezers to the electroporator [1-CU].
4.5.1. Talent connects the tweezers to the electroporator. TEXT: voltage = 40V; pulse length = 50 ms; number of pulses = 6 

5. Injection of the DNA Vaccine and Electroporation and Visualization of Antigen Expression
5.1. To keep the fish in a fixed position during injection, use a piece of sponge with a groove cut in the middle as padding [1-CU]. Soak the sponge thoroughly in system water and set it in a Petri dish [2-CU].
5.1.1. Talent holds the sponge up to the camera to display the groove. 

5.1.2. Talent wets the sponge and places it in a Petri dish. 

5.2. Using a plastic spoon, transfer an anesthetized zebrafish to the wet sponge, with the fish’s ventral side down in the groove [1-CU-TXT].

5.2.1. Talent transfers the fish to the sponge with a plastic spoon. Talent adjusts the position of the fish on the sponge. TEXT: Dorsal fin and tail should protrude from groove

5.3. Under the microscope, place the needle at a 45 degree angle close to the zebrafish’s dorsal muscle. Then, find the small spot without scales in front of the dorsal fin and push the needle into the muscle. If any resistance is felt, try an adjacent spot [1-SCOPE].
5.3.1. Talent places the needle at a 45 degree angle close to the dorsal muscle of the fish. Then, talent locates the spot without scales in front of the fin and pushes the needle into the muscle. 

5.4. Use the foot switch to gradually inject the plasmid solution into the muscle. Under the microscope, the phenol red should be visible as it enters the muscle tissue [1-SCOPE].

5.4.1. Talent gradually injects the fish with vaccine solution. Make sure the scope footage shows detail of the phenol red as it enters the muscle tissue. 

5.5. Electroporate the fish immediately after injection by placing the tweezer-type electrodes at each side of the injection site [1-ECU].

5.5.1. Talent positions the tweezer-type electrodes around the fish.

5.6. Press the start button on the electroporator and give six 40-Volt, 50-millisecond pulses [1-CU]. Then, gently transfer the fish to a recovery tank [2-MED-TXT].

5.6.1. Talent presses the start button on the electroporator. 

5.6.1a Added shot: Electroporation of the fish. Six pulses are addressed to the injection site.

5.6.2. Talent moves the fish to the recovery tank. TEXT: Clean electrodes with 70% ethanol after each fish. Film the fish until it wakes up and starts to swim. 
5.6.2a Added shot: The recovered fish is swimming in the tank. 

5.7. Finally, after anesthetizing the fish according to the text protocol, use a UV-light to see E-G-F-P expression near the injection site [1-CU-TXT]. 

5.7.1. Talent uses a UV light to visualize the EGFP expression near the injection site. TEXT: GFP expression observed 5-7 days post vaccination
6. Results: Danio rerio Injected with DNA-based Vaccine 
6.1. In this protocol, DNA antigens were cloned adjacent to GFP in the expression vector. Zebrafish were injected with the DNA antigen plasmids intramuscularly with a microinjector [1-LM]… and the injection site was electroporated to improve the intake of plasmids into cells [2-ECU].
6.1.1. Figure 7

6.1.2. Video editor: Use representative footage from 5.4.1 and 5.5.1

6.2. For imaging, antigen expression can be visualized with fluorescence microscopy. In this case, expression of all three antigen-GFP fusion proteins was detected near the injection site, although their intensity varied [1-LM].

6.2.1. Figure 4
6.3. 5 weeks after immunization with mycobacterial antigens, the zebrafish were infected with Mycobacterium marinum. qPCR was used to determine the bacterial burden in each fish 4 weeks after infection [1-LM].

6.3.1. Figure 8

6.4. Compared to the control group, the fish immunized with Antigen 1 showed decreased bacterial loads after infection with M. marinum [1-LM].

6.4.1. Figure 9
7. Conclusion (said by authors on camera)

7.1. Mirja: While performing this method, it is important to design the plasmid construct carefully, validate expression of the antigen, and practice the injection technique before large-scale experiments [1-MED].
7.1.1. Named author states the above, looking slightly off to the side. 
7.2. Mirja: This technique can pave the way for cost-effective preclinical screening of novel DNA-based vaccine candidates in adult zebrafish [1-MED].
7.2.1. Named author states the above, looking slightly off to the side.  
7.3. Hannaleena: Don't forget that the welfare of the animals is very important and proper anesthesia is essential while performing this procedure [1-MED].

7.3.1. Named author states the above, looking slightly off to the side.    

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.  

1.1; 1.2 – Rämet_Figure6.tif – Schematic presentation of cloning and production 
7.1 – Rämet_Figure7.tif – Cloning of the antigen to the expression plasmid
7.4 –  Rämet_Figure8.tif – Schematic presentation over the protocol

7.5 – Rämet_Figure9.tif – Bacterial counts in vaccinated fish five weeks post infections

7.6 – Rämet_Figure10.tif – Survival of vaccinated fish after high dose infections
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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