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Title: Micromanipulation of Gene Expression in the Adult Zebrafish Brain Using Cerebroventricular Microinjection of Morpholino Oligonucleotides
Authors, please fill out the brief questionnaire below.   
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)?  Y. The following steps require filming through the microscope: 2.6, 3.5, 3.6, 3.7_The microscope we will use is Olympus SZX16.____

B.   Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? __N_______

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps_3.4, 3.5, 3.6, 3.7, _____
D.  What is the single most difficult aspect of this procedure and what do you do to ensure its success?  

Step 3.6 is the most difficult aspect of the procedure. To be successful in that, one needs to perform the incision with a tilt similar to the inclination of the glass capillary (for instance 45 degrees). 
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  
Procedural Narrative:
The overall goal of this procedure is to microinject morpholino oligonucleotides into the cerebral ventricle of the adult zebrafish brain and to knockdown the activity of genes in the radial glial cells  (Intro).
This is accomplished by first anaesthetizing and the zebrafish  (P1, Editor, bring in the container and place the fish inside).
Next, a slit is generated in the skull overlaying the optic tectum using a barbed-end needle (P2, Editor, zoom in on the top of the fish’s head and transition to the figure in P2, then bring in the needle and insert it where shown, making a slit, and remove the needle).
Then the morpholino solution is injected through the incision site into the cerebroventricular fluid (P3, Editor, bring in the injection needle and inject the blue solution into the slit and into the brain then remove the needle).
Finally, the injection efficiency and accuracy are checked under the fluorescence microscope (P4, Editor, zoom out on the brain and transition to the fish and place it on the microscope).

Ultimately results can be obtained that show _efficient and widespread blockage of protein production from the genes of interest in the radial glial cells of the adult zebrafish brain through morpholino-mediated gene knockdown, which can be assayed by histological sections and immunohistochemical stainings_(P5, Editor, use figure 3C and D 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.   
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.    Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line.  **If individuals will be doing the demonstrations but not speaking in the introduction, please use statement 1.8 to introduce these demonstrators (ex PI introducing students).   
1.1) Author name Caghan Kizil_________: The main advantage of this technique over existing methods, like transgenic approaches or electroporation-based delivery methods_is that CVMI is less time consuming, more efficient in targeting the whole population of the radial glial cells, dose-adjustable and can be used to knockdown several genes at the same time_.   

Protocol (read by voice talent at JoVE):

Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

2. Preparation of Injection Mixture and Apparatus
2.1. To prepare the injection mixture, begin by making a 500 uM morpholino stock solution using PBS.  For 10 injections, prepare 10 ul of injection mix by combining 9 ul of diluted or undiluted morpholino solution with 1 ul of a fluorescent tracking dye.  Store at room temperature (TEXT: refer to text protocol for controls).

2.1.1. WIDE Talent approaches bench with morpholino stock bottle

2.1.2. MED/CU Talent pipettes PBS from stock and adds to morpholino

2.1.3. Talent adds PBS

2.1.4. Talent adds dye

2.1.5
CU Talent holds up tube with injection mix (with dye)
2.2. Use a needle puller to prepare glass injection capillaries according to the following parameters (TEXT: Heating cycle: 463, pulling cycle: 230, velocity: 1.5 sec, time: 75 msec). (Editor, use a bulleted list for the parameters)
2.2.1.   MED/CU Talent inserts a capillary into needle puller and pulls needles
2.3. Turn on the pressure source and adjust the pressure settings to 50 psi or 3.5 bars.
2.3.1
WIDE Talent arrives and turns on the pressure source
2.3.2
CU Talent turns on the pressure source and adjusts the pressure settings to 50 psi
2.4. Adjust the microinjector settings as follows: hold pressure 20 psi, eject pressure 10 psi, period value 2.5 and 100 ms range of gating. 
2.4.1. CU Talent adjusts the microinjector settings in the order of the VO
2.5. Turn on the ring illuminator and locate the ring over the microscope stage. Place the capillary holder at an appropriate position next to the microscope. Insert the glass capillary into the holder and adjust the injection angle to 45 degrees.
2.5.1. MED/CU Talent turns on the ring illuminator and locates ring over stage
2.5.2. MED Talent places capillary holder at appropriate position near scope then inserts needle into holder and adjusts injection angle to 45 degrees
2.5.3. CU Talent inserts the glass needle
2.6. Using fine-end forceps, snap off the tip of the glass capillary and calibrate the pressure output from the orifice by immersing the tip of the needle into the fish water and applying a continuous pressure pulse.   The air bubbles should form a single row, indicating optimum pressure or orifice size. 

2.6.1. SCOPE Talent snaps off the tip of the glass capillary

2.6.2. SCOPE Talent immerses tip of needle into fish water and applies continuous pressure pulse - show air bubbles forming single row

2.6.3. WIDE shot of the whole action

2.7. Load the glass capillary with the injection solution, avoiding air bubbles. Apply pressure to remove the air between the tip of the glass capillary and the loaded injection solution.
2.7.1. SCOPE Talent loads glass capillary with injection solution
2.7.2. ECU Talent applies pressure to remove air from tip of capillary
3. Anesthetization, Incision, and Cerebroventricular Microinjection
3.1. After preparing a 0.1% stock solution of the anesthetic MESAB, transfer the desired number of fish into a transport container with fish water. 

3.1.1. MED/CU Shot of MESAB as talent transfers fish to transport container
3.1.2. CU Putting fish into container
3.2. Prepare a working solution of anesthetic (TEXT: 0.0025% v/v) by mixing 200 ml of fish water with 5 ml of MESAB stock solution.  Fill a Petri dish halfway with the anesthetic to use for injections.

3.2.1. CU Talent adds 5 ml of MESAB to 200 ml fish water

3.2.2. CU Talent adds MESAB to Petri dish halfway
3.3. Incubate a fish in the anesthetic until it stops moving, then use a net to transfer it into the Petri dish of anesthetic. 

3.3.1. CU Talent places a single fish in MESAB - and it begins to slow down

3.3.2. CU Talent transfers fish into dish of anesthetic 

3.4. To facilitate incision, use the forceps to gently hold the fish and orient it with its head tilted slightly downwards.

3.4.1. ECU Talent orients fish with forceps so that head is tilted slightly downwards

3.5. Using the tip of a 30 gauge barbed-end needle, make a small slit on the skull without penetrating too deeply as this will cause damage to the brain tissue. 

3.5.1. SCOPE Talent makes slit with barbed-end needle 

3.6. While continuing to hold the fish, insert the tip of the glass capillary through the incision site ~half a millimeter, and while avoiding contact with the brain tissue, orient it towards the telencephalon.

3.6.1. SCOPE Talent inserts needle and orients it towards telencephalon 

3.6.2. ECU same action

3.7. Inject the solution.  It should disperse immediately. 

3.7.1. SCOPE Talent injects solution - should be seen dispersing ENDSLATE
3.8. Transfer the fish into fresh fish water and allow it to recover. 
3.8.1. WIDE Fish is transferred into water

3.8.2. CU Fish in fresh water beginning to recover 

3.9. About 30 minutes later, re-anesthetize the fish and check it under a fluorescence microscope to look for widespread distribution of the liquid based on red fluorescence. 
3.9.1. LAB MEDIA Figure 2A (without the asterisk)
3.10. Return the fish to its tank and place it back into circulation until use for behavioral analyses or for preparing tissue specimens.  

3.10.1. MED Talent returns fish into circulation in fish room
4. Representative Cerebroventricular Morpholino Microinjection Results-(second to last section) 
4.1. As seen here, an accurate injection leads to dispersion of the injected solution throughout the brain and efficient targeting of the cells close to the ventricular surface. However, injections where the glass capillary impales the brain tissue will have a dense fluorescent signal at the point of injection.  And if the injected amount is not enough, a weak fluorescent signal will be observed.
4.1.1. LAB MEDIA Figure 2A, B, C (Editor, bring on one panel at a time with the VO)
4.2. This figure demonstrates that vivo morpholinos can penetrate a few cell diameters inside the ventricular surface and hence can efficiently target the ventricular cells.
4.2.1. LAB MEDIA Figure 3A and B
4.3. As compared to control morpholino, injection of a morpholino against PCNA efficiently knocks down gene expression in ventricular cells.

4.3.1. LAB MEDIA Figure 3C, D

4.4. In these immunofluorescence images, BrdU and Huc/D immunostaining after a BrdU pulse-chase experiment demonstrate that knockdown of PCNA with antisense morpholinos leads to a significant reduction in newborn neurons, suggesting that CVMI can be used to knock down endogenous genes that subsequently gives rise to functional consequences.
4.4.1. LAB MEDIA Figure 3E, F and G   
INSTRUCTIONS FOR AUTHORS:

Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown
5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    

        uninjected control at 48 hours post fertilization looks normal, as expected 

        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms

                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 

        the heads of the uninjected controls look normal 

        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     

                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete: http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj 

5. Conclusion (said by authors on camera)

Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line.
5.1. Author name _Caghan Kizil_: After its development, this technique paved the way for researchers in the field of _neuroscience _ to explore _the molecular programs involved in the regenerative neurogenesis response in adult zebrafish brain.
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 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.

( 2010, Journal of Visualized Experiments


