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Schematic Overview (read by a voice talent at JoVE)

The overall goal of the following experiment is to assess the neurological and cognitive effects of micro-RNA-over-expression in mice. (Intro)  This is achieved by first preparing an miR-expressing lentivirus. (P1)  As a second step, the lentivirus is injected into a specific brain region, which allows the miR to overexpress and perform regulation upon its targets. (P2)  Next, behavioral tests are performed in order to assess the cognitive and neurological effects of the overexpression. (P3)  Results are obtained that show cognitive effects of miR-overexpression due to the anatomically targeted-delivery of the lentivirus, into the mouse brain. (P4)
[image: image1.jpg]Lentivirus Lentivirus injection Behavioral assessment
preparation

Morris

miR insert visual cues
3 weeks Water Maze i}





Video editor:

P1: Show the first graphic in the sequence.  The light blue block labeled “miR” insert can be animated as slipping into the circle containing the other blocks.

P2: Show the second graphic in the sequence.  The red arrow can be animated as dropping down into position, then making the flesh-colored circle spread away from its tip, then retracting upward leaving the pink circle behind.

P3: Animate the third graphic in the sequence. The visual cues are around the tank are stationary and should be colored.  The platform is in the tank, but just below water level, and the water is made opaque (white) so the submerged platform is not visible.  A mouse is allowed to learn how to swim to the platform once.  Then the platform is hidden from view and the mouse must swim to find it.  With repeated trials, the mouse quickly learns how to use the visual cues around the tank to find the submerged platform. The mouse is about the size of the platform and the tank is much bigger than what is shown – its like a nice sized swimming pool for the mouse.  The mouse can be a dark dot in the animation.  Its path to the un-submerged platform may be direct.  In the next animations the platform is submerged, show the water level rise.  Now, the mouse’s first effort to swim to the platform is meandering, the next is more direct and the next one is even more direct.  Each effort to swim to the platform begins at a different location around the tank edge. 

P4:If the animation for P3 covers enough time, then just use it for P3 and P4.  Otherwise show figures 3C and 4A.
1. Introductory Interview (spoken by you on camera. Don’t forget to smile!)  

1.1. Shahar Barbash: The main advantage of this technique over existing methods, like genetic engineering, is that genetic engineering is a much more laborious and time consuming technique than direct lentivirus injection. In addition lentivirus injection enables complete spatial and temporal control and follow-up of the molecule being overexpressed. 

1.2. Geula Hanin: This method can help answer key questions in the neuronal miRs field, such as what would be the effect of an over or under expression of a specific miR on learning and memory as assessed by behavioral tests.  

1.3. Prof. Hermona Soreq: The implications of this technique extend toward therapy  of neurodegenerative diseases, because microRNAs are amenable for therapeutic interventions.  

Protocol Chapters (read by a voice talent at JoVE):

2. Lentiviruses Preparation

2.1. Incubate plated packaging cells until they reach 90% confluence, then, transfect them. (TEXT: HEK-293FT cells) First, change their medium to serum-free DMEM supplemented with 1 mM glutamine and 50 mg/ml penicillin-streptomycin. 
2.1.1. WID: talent unloading cells from the incubator
2.1.2. MED: changing the media on cells to DMEM + 1mM glut + pen/strep, clearly labeled bottle
2.1.3. ECU: focus on cells as media is added to a well/plate
2.2. Then, co-transfect the cells with a pLKO.1-Puro vector, plasmid coding for the delta R8.2 and VSV-G moieties and plasmid with the micro-RNA of interest. Use 10 microliters of 1 miligram per mil polyethylenimine as a carrier.

LAB MEDIA: Figure 2 – lentivirus packaging

2.2.1. CU: talent adding vector to the cells, then transfecting the cells. 
2.3. At 24 hours and 48 hours post-transfection, collect the packaged lentiviruses and  filter them through a 0.45 µm filter. 
2.3.1. WID: (next day, different look on talent) with transfected cells, pouring them over a filter. 
Added shot: 2.3.1-b: CU, pouring solution onto filter. 
2.3.2. CU: filter dripping and lentivirus-containing solution collecting below filter
2.4. Concentrate the filtrate with lentiviruses in an ultracentrifugation at 15 °C and 70,000 x g, for 2 hours.  

2.4.1. WID: loading, setting and starting the ultracentrifuge, then walking away. 
2.4.2: CU, numbers on centrifuge screen.  

2.5. Discard the supernatant and resuspend the lentivirus in just enough deionized distilled water required to fully dissolve the pellet, so there are no visible clumps.  Then, make one microliter aliquots of the concentrate to store -70 °C.
2.5.1. ECU: side of tube as solution above pellet is removed

2.5.2. ECU: adding water to pellet and dissolving, no “clumps” seen

2.5.3. CU: making tiny aliquots in small tubes
2.6. Next, measure the virus titer.  Infect packaging cells with serially diluted virus in a 12-well plate from a milliliter of vector to a millionth of a milliliter of vector, per well.  The resulting titer should be at least one billion infectious particles per milliliter.
2.6.1. CU: making the serial dilutions.  
2.6.2. MED: adding a tittered virus volume to the cells

2.6.3. WID: loading the infected cells into the incubator
2.7. Evaluate the titer for the expression of the gene of interest, using puromycin selection, and by quantifying GFP expressing viruses using FACS. 

2.7.1. WID: preparing dilutions of cells to be used in FACS

2.7.2. MED: multiple talents looking over FACS plots, pointing out the titer to be used from the various plots. Last two shots were canceled. We use GFP titer quantification, using the technique described in 2.6 and by visually counting the cells. In the manuscript, section 1.7 was added by the editor and approved by us as an optional step.   
3. Preparing Animals for Surgery
3.1. Weigh the animal and anesthetize it with an IP-injection of a ketamine mixture.  Use the volume proportional to the animal’s weight, as specified for each drug. 
3.1.1. WID: weighing the animal

3.1.2. WID: loading the syringe with drugs (clearly visible) and injecting animal (obscured but clearly implied)
3.2. Wait until the animal is fully anesthetized, then check for a lack of withdrawal reflex in the hind limb by applying finger pressure. 
3.2.1. MED: fingers applied to animal limb, pinch made, no flinch by animal because its anesthetized.  
3.3. When there is no reflex, inject the animal subcutaneously with the pain reliever Rimadyl, as specified on the box.  
3.3.1. MED: checking the drug box for dose and then loading a syringe with Rimadyl

3.3.2. MED: administering the injection under the animal’s skin
3.4. Place the animal under a heating lamp or on a heating pad, and moisten its’ eyes with ointment. 
3.4.1. MED: placing the animal on a heating pad 
3.4.2. CU: applying ointment to applicator (but don’t show it being rubbed on eyes)
3.5. Lastly, shave the area between the two ears with a trimming machine and sanitize the skin with 70% ethanol.
3.5.1. CU: completing the shaving of the animal, then applying ethanol to the skin
4. Drilling the Skull

4.1. Place the animal inside the stereotact and adjust the rods into the crevices just anterior to the animal’s ears. 
4.1.1. WID: talent positions the stereotact to load the animal

4.1.2. CU: finishing the loading of the animal onto the sterotract, show the adjustments made to rods near the ears
4.2. Then, use a scalpel to make an anterior-posterior incision of about 1.5 cm between the ears and keep the incision open with surgery clamps. 
4.2.1. ECU: cutting skin between the ears and applying clamps to open the skin
4.3. Next, clean the surface of the skull with a cotton swab until the intersection between the coronal suture and sagittal sutures is visible.  This includes the bregma and the intersection between the coronal and lambdoid sutures, or the lambda.

4.3.1. ECU: swab cleaning the skull

4.3.2. ECU: after cleaning, the ridges of the skull are in focus, talent points out bregma and the lambda structures
4.4. Now, position the tip of the syringe, held in the stereotact, to the bregma point, at all three axes. Write down the coordinates – they are the zero points.  
4.4.1. ECU: syringe brought into position above the bregma point

4.4.2. MED: talent records the position of the three axes, writing them down

4.5. Then, lift the syringe in the vertical axis so that a planar movement would not scratch the skull.

4.5.1. ECU: lifting the syringe directly away from skull

4.6. From the bregma, move the syringe to the required location, to hippocampal CA1, for example: down 2 mm in the A/P axis, up and down 1.8 mm in the L/M axis and down 1.5 mm in the D/V axis. 
4.6.1. ECU: view from above syringe, focused near the skull - moving the syringe on A/P axis FIRST, then L/M axis SECOND and D/V axis LAST.  Order must follow the dialogue

4.6.2. CU: hands turning controls to make syringe movements. Video editor: insert this within the movements of the syringe above to break up the shot
4.6.3. Continue 4.6.1 to the end of movements

4.7. Next, lower the tip of the syringe until it touches the skull.  Mark the spot, then back the syringe away to make space for the drill. 
4.7.1. ECU: lowering the needle to touch the skull, and marker used to mark the spot where the syringe touches the skull, then raising the needle. 
4.8. At the spot, using a fine driller, make a shallow hole in the skull bone.  Hold the driller steady and do not drill into the soft tissue - drilling in short pulses can help. 
4.8.1. MED: positioning of the body, holding the drill with correct mechanics and begins drilling

4.8.2. ECU: at spot, the drilling action
4.9. Shahar Barbash: While drilling, make sure to steady one hand using the other, so that drilling through the bone would not extend any deeper into the soft tissue.    
4.9.1. WID/MED: interview shot of Shakhar at bench, get audio

4.9.2. Reuse 4.8.1 to show positioning while he talks about it

4.9.3. Reuse 4.8.2
5. Injection of the Lentivirus 
5.1. Withdraw half a milliliter of the concentrated lentivirus solution into the syringe.

5.1.1. WID: loading the syringe with lentivirus

5.1.2. CU: loaded syringe, show volume of solution 
5.2. Place the syringe above the hole and slowly lower it vertically until it reaches the surface of the skull.  Continue to lower the syringe into the brain very slowly.

5.2.1. ECU: syringe lowered into hole in skull (top view)

5.2.2. ECU: syringe sinking into brain (side view)

5.3. Some bleeding might occur, but this does not necessarily indicate a failed penetration.  Mop up any bleeding with a cotton swab.

5.3.1. ECU: bleeding (hopefully happens) is mopped up by a swab. Unfortunately there was no bleeding. This part is not essential. 
5.4. Set the digital pump to .02 milliliters per minute, to slowly inject the volume in 25 minutes.  This will prevent backflow and ensure successful spreading.

5.4.1. MED: setting the pump settings

5.4.2. CU: the settings on the digital pump, presses start

5.5. Start the infusion.  In some syringe types consider inserting the syringe an extra half of a millimeter before retreating to the original coordinates and beginning the infusion.  

5.5.1. ECU: the injection site, as the solution is pumped in from the syringe. Canceled, nothing can be seen in the injection site during the infusion. 
5.5.2. MED: talent overlooking the operation, preparing to wet the hole with solution

5.6. While the substance is being infused wet the exposed area with PBS to prevent dehydration of the tissue.
5.6.1. ECU: adding solution to the injection site, wetting the brain, overlooking the injection and setting down the solution bottle. 
5.7. When completed, wait five minutes before backing out the syringe. This allows the material to spread into the brain instead of retreating back into the syringe’s path.
5.7.1. MED: talent starts a timer to countdown 5:00 [Video Editor: If this shot isn’t long enough to cover the second sentence, the second sentence can be omitted.] 
5.7.2. MED: talent adds solution to the brain again and sets down the bottle. Canceled, no need to do twice. 
5.8. Then, remove the syringe very slowly and watch for back flows. If a back flow is observed, a fraction of the injected material was probably lost.  
5.8.1. CU: talent begins backing out the syringe, turning the controls

5.8.2. ECU: syringe slowly backs out of brain
6. Wound Sealing and Recovery

6.1. Seal the wound with histoacryl being careful not to let histoacryl leak into the animal’s eyes.   
6.1.1. WID: talent removes the syringe device (if done) and prepares to add histoacryl

6.1.2. ECU: applying histoacry to wound
6.2. Next, to prevent the animal from dehydrating, inject 1 ml of warmed saline i.p.
6.2.1. MED: loading a syringe with saline, taken from bottle that is removed from a heating pad.
6.2.2. MED, IP injection.

6.3. Place the animal in a recovery cage that is on a heated pad.  Watch the animal while it recovers for an hour. 
6.3.1. CU: loosening the braces on the animal from the sterotact

6.3.2. MED: moving the animal to the recovery cage
6.4. After 4 to 6 weeks, assess the animal's navigation memory is in the Morris Water Maze.  The lentivirus will have infected most of the targeted cells by this time.

6.4.1. WID: talent setting up the Morris Maze, positioning the platform

6.4.2. MED: running a mouse on the Morris Maze, film it swimming to the platform

7. miR Injection into the Hippocampus and Behavioral Outcomes
7.1. An injection of 0.5 µl of lentivirus, into the CA1 region of a mouse hippocampus, was made as described in the protocol.

LAB MEDIA: figure 3a  

7.2. The animal was later sacrificed and 40-micron thick slices of its brain were analyzed for GFP expression.  DAPI staining can be seen in red.

LAB MEDIA: Figure 3c

LAB MEDIA: Figure 3d 

7.3. In summary, this yielded an infected sphere of about 1 mm in the rostral-caudal axis, and about 0.5 mm in the medial-lateral and the anterior-posterior axes.  

LAB MEDIA: Figure 3b

7.4. Mice injected with a micro RNA-encoding lentivector were compared with controls in the Morris water maze.  After three days of training, a representative control mouse path to the submerged platform, shown in green, was much shorter than that of an experimental animal, in red.
LAB MEDIA: Figure 4b

7.5. Overall, the experimental animals had a more difficult time learning the task than the controls.
LAB MEDIA: Figure 4a
8. Conclusion Interview (spoken by you on camera)

8.1. Shahar Barbash: Once mastered, this technique can be done in about 40 minutes per mouse, with the flow rate being the only limiting factor.

8.2. Prof. Hermona Soreq: Following this procedure, other methods like systematic oligonucleotides injection can be performed in order to answer additional questions like to what extent this procedure affects brain-to-body communication.

8.3. Geula Hanin: Don't forget that working with Lentiviruses can be extremely hazardous and precautions such as disposable Tyvek lab coats and nitril gloves should be used. In addition, glassware and plasticware containing liquid waste must be decontaminated before disposal in a biohazard bag.   
List of Provided Media Filenames and Descriptions (fill this in)

Conceptual Narrative - graphical_overview.ai – as requested for the conceptual narrative section. 

2.2 – 2.ai – schematic lentivirus structure

7.1 – 3a.ai – brain map with injection site.

7.2 – 3c.ai – DAPI (red) staining of neurons in the section.

7.2 – 3d.ai – DAPI (red) and GFP (green) in the section.

7.3 – 3b.ai – virus spreading in the brain.

7.4 – 4b.ai – trajectories of individual mice in MWM

7.5 – 4a.ai – mean learning rate for miR injected and control mice. 

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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