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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)_NO_____(If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _____________________________________________

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__NO____ If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.

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.) 

Steps:

3.4

3.5

3.7
3.10
3.11
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.) 

Steps:

3.5

3.7
3.5 relates to the determination of the coordinates for the intra-cerebral injections. We have two types of injections and, therefore, two different coordinate sets. In addition, we suggest that this step is determined for a given mouse strain in a preliminary experiment with a dye as the brains of different mouse strains can slightly differ in size.

3.6 relates to how we drill the skull and this must be done with extreme care to avoid damaging the underlying brain.

E.  Will the filming need to take place in multiple locations? (Y/N) NO_______ If yes, how far apart are the locations? ___________________________________________________

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. Experimental Goal (read by voice talent at JoVE):

The overall goal of this procedure is to deliver low volumes of high titre lentiviral particles carrying specific DNA constructs to the adult mouse ventricular-subventricular zone to infect all of its cell types or to the lateral ventricle to infect ependymal cells only. (Intro)

B. Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Eva Porlan:  This method can help answer key questions about interactions that neural stem cells of the adult ventricular-subventricular niche have with their neighboring ependymal cells.

1.2. Eva Porlan:  The main advantage of this technique is that lentiviral vectors integrate into the genome of target cells in a cell cycle-independent way allowing for long-term modification of rarely dividing cells. 

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. Eva Porlan:  Helping me to demonstrate the procedure will be grad student Beatriz Martí Prado 

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.

E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.9. Animal protocols were approved by the ethics committee of the University of Valencia and were all in compliance with European directive 2010/63/EU.

Protocol (read by voice talent at JoVE):

2.
Lentiviral vector injection preparation

2.1.
To begin this procedure, sterilize a 5 μl syringe with a 33-gauge needle by spraying down the body and needle with 70% ethanol [2.1.1-MED].  Then, rinse the syringe thoroughly with sterile water [2.1.2-CU] and allow it to dry in the culture hood [2.1.3-MED]. 

2.1.1 *Film as written
2.1.2 *Film as written
2.1.3 Talent places the syringe with needle in the culture hood
2.2.
Next, prepare a biohazard waste container with 10% bleach for immersing all the waste from this procedure [2.2.1-MED].  After that, prepare a 37 °C waterbed for mouse recovery after injection by filling a sealable plastic storage bag with water [2.2.2-MED-over the shoulder] and warming it to 37 °C [2.2.3-CU]. 

2.2.1 *Film as written
2.2.2 *Film as written
2.2.3  CU the waterbed as it is placed in the incubator
2.3.
Transfer the viral stock from the freezer to a rotating wheel at room temperature 1 hour before starting the injection [2.3.1-MED].  After thawing, maintain the viral stock on ice [2.3.2-CU].  Prior to the stereotaxic injection, dilute the concentrated viral stocks with PBS in the culture hood [2.3.3-MED-over the shoulder-TXT].


2.3.1 Talent places the viral stock on a rotating wheel 
2.3.2 CU the viral stock as it is placed on ice
2.3.3 *Film as written, Text: Viral stocks diluted to 106 TU/µl

3.
Microinjection of lentiviral vector

3.1.
After anesthetizing a 6-8 week-old mouse, shave the area between its ears [3.1.1-MED-over the shoulder].  Next, disinfect the skin using an iodophor such as iodopovidone or 70% ethanol [3.1.2-CU].  

3.1.1 *Film as written

3.1.2 *Film as written
3.2.
Then, place the animal in a prone position on a stereotaxic frame [3.2.1- MED-over the shoulder].  Carefully fix its head using the ear bars and the palate support of the apparatus [3.2.2-CU]. Keep the mouse on a heating pad set at 37 °C [3.2.3-CU], and apply ophthalmic lubricant to its eyes [3.2.4-CU]. 

3.2.1 *Film as written

3.2.2 CU the animal’s head as it is fixed with ear bars and the palate support
3.2.3 CU the mouse as a heating pad is placed under it, or talent adjusts the position of the heating pad

3.2.4 CU the mouse’s head as ophthalmic lubricant is applied to its eyes.

3.3.
Next, make a 1-cm long incision on the scalp [3.3.1-MED-over the shoulder], and gently retract the skin to expose the skull [3.3.2-CU].  Carefully clean the bone surface with a sterile cotton-tipped applicator and remove any remaining tissue [3.3.3-CU].

3.3.1 *Film as written

3.3.2 CU the mouse’s head as skin is retracted

3.3.3 CU the mouse’s head as the bone surface is sterilized and tissue being removed
3.4.
After that, mount the sterilized syringe on the stereotactic device using the syringe holder [3.4.1-MED-over the shoulder].  Position the needle on the bregma [3.4.2-CU] and ensure that the “zero” position of the dorsal-ventral axis is at the skull surface at bregma [3.4.3-CU]. 

3.4.1 *Film as written
3.4.2 CU the skull as the needle is positioned on the bregma in x-y plane

3.4.3 CU the skull as the needle is lowered to the skull surface at bregma 
3.5.
Now, move the syringe to the x and y designated coordinates [3.5.1-CU-TXT].  Then, annotate the x, y and z destination coordinates in the Vernier scale as the injection site [3.5.2-CU] and mark the bone using a surgical marker pen [3.5.3-CU]. 

3.5.1 CU the skull as the needle is moved to the x and y designated coordinates, Text: Refer to Table 1 in the accompanying manuscript

3.5.2 CU the Vernier scale when setting x, y and z destination coordinates 

3.5.3 CU the skull as a mark is made on the bone

3.6
Eva Porlan:  The Vernier Scale is an accurate measuring tool allowing us to determine the stereotaxic coordinates from bregma with high precision [3.6.1-MED].  The “zero” on the main scale marks the units and the number aligned with the main scale determines tenths of a millimeter [3.6.2-CU].

3.6.1 Interview style


3.6.2 Show the scale as the authors point out the features.

3.7.
Afterward, move the syringe away from the working area [3.7.1-MED-over the shoulder].  Carefully drill a hole on the skull without damaging the brain [3.7.2-CU]. 

3.7.1 *Film as written
3.7.2 CU the skull as a hole is drilled

3.8
Eva Porlan: The drill must be used horizontally to the skull surface and continuous monitoring of the advances must be made in order to stop drilling once the pial surface is exposed.  Do not damage the underlying brain [3.8.1-MED]. 

3.8.1 Interview style
3.9.
Then, load the syringe with a 33-gauge sharp beveled needle with 1 μl of the viral solution [3.9.1-MED-over the shoulder-TXT].  Position the syringe needle at a 90° angle to the brain surface [3.9.2-CU].

3.9.1 *Film as written, Text: Needle tip has an angle of 10-12°


3.9.2 CU the needle as it is positioned on the brain surface

3.10.
Move the syringe back to the injection site [3.10.1-CU] and lower it until the tip touches the pial surface and penetrate the brain [3.10.2-CU].  To minimize damage to the brain tissue due to excessive fluid pressure, slowly release the viral suspension [3.10.3-MED-over the shoulder-TXT].

3.10.1 CU the syringe as it is moved to the injection site


3.10.2 CU the syringe as it is lowered into the brain


3.10.3 Talent sets the injection pump and press “start”, Text: Viral suspension released at a rate of 0.2 μl/min

3.11.
After the injection, wait for 5-10 minutes to minimize the backflow of viral suspension before slowly retracting the syringe [3.11.1-MED-over the shoulder]. Blot any excess liquid that may appear at the surface as a result of the syringe retraction using a laboratory wipe [3.11.2-CU].

3.11.1 Talent slowly retracts the syringe 

3.11.2 CU the injection site as excess liquid is wiped away

3.12.
When the procedure is done, remove the animal from the stereotaxic frame and place it on a warm pad [3.12.1-MED].  Then, close the wound using skin adhesive [3.12.2-CU]. Inject the mouse with atipamezole intraperitoneally to reverse sedation [3.12.3-CU-TXT]. 


3.12.1 Talent transfers the mouse to a warm pad
3.12.2 CU the mouse as skin adhesive is used to close the wound

3.12.3 CU the mouse as atipamezole is injected, Text: Atipamezole: 0.1-1.0 mg/kg body weight
3.13.
Subsequently, place the animal in an individualized cage with a warmpad and monitor closely until it recovers from anesthesia [3.13.1-MED-over the shoulder].  Place one bag of hydrogel in the cage to help the animal hydrate after recovery [3.13.2-MED-over the shoulder].

3.13.1 Talent places the animal in an individualized cage with a waterbed warmpad

3.13.2 *Film as written
4. Results: Reporter detection by immunofluorescence in sections of injected mice
4.1 This is a schematic representation of the generation of lentiviral vectors for in vivo labeling studies, from the transfection of HEK293T cells with appropriate plasmids to generate the lentiviral vectors [4.1.1-LM] to the determination of the virus titer by flow cytometry using the indicated formula [4.1.2-LM].
4.1.1 Figure 1a.ai, Show Figure 1a (first the 1st left cartoon (HEK293T cells), then the first right arrow with cartoons. Then show the 2nd left cartoon (with yellow solution), then arrow, followed by 3rd cartoon, arrow, then 4th cartoon (red solution), arrow, then 5th cartoon (green solution)

4.1.2 Figure 1a.ai, continue 4.1.1 (Figure 1a: downward arrow, the mulit-well plate (HeLa cells), then left arrow, then the formula) 
4.2 Here is the schematic of a coronal section of one hemisphere showing the level of injection and the position of the syringe needle for injections at the V-SVZ /striatum border [4.2.1-LM].

4.2.1 Figure 2b.ai, Text: V-SVZ: ventricular-subventricular zone
4.3 This micrograph was taken at the same level as in the schematic stained with DAPI [4.3.1-LM] and for the immunodetection of GFP 60 days after the injection [4.3.2-LM]. The dotted lines indicate the limits of the corpus callosum [4.3.3-LM].

4.3.1 Figure 2c.ai, Show the left image without dotted line

4.3.2 Figure 2c.ai, Add the right image without dotted line

4.3.3 Figure 2c.ai, Add dotted lines in both left and right images to represent the region of corpus callosum
4.4 And here is another schematic of a coronal section of one hemisphere showing the level of injection and the position of the syringe needle for the lateral ventricle injections. 

4.4.1 Figure 2f.ai

4.5 This micrograph was taken at the same level shown in the schematic stained with DAPI [4.5.1-LM] and for the immunodetection of GFP 15 days after the injection [4.5.2-LM]. 

4.5.1 Figure 2g.ai, Show the left image

4.5.2 Figure 2g.ai, Add the right image
4.6 Lastly, this figure shows the immunofluorescence for GFP and the ependymal cell marker S100β [4.6.1-LM].  There were numerous doubly positive cells along the dorsal [4.6.2-LM] and ventral V-SVZ [4.6.3-LM].  An astrocyte in the striatal parenchyma was also labeled with S100β [4.6.4-LM].

4.6.1 Figure 2 i-j.ai, Show both images without white arrowheads

4.6.2 Figure 2 i-j.ai, highlight y-axis “Dorsal part of the V-SVZ” in i

4.6.3 Figure 2 i-j.ai, highlight y-axis “Ventral part of the V-SVZ” in j

4.6.4 Figure 2 i-j.ai, Add white arrowheads in i
5. Conclusion (said by authors on camera)

5.1 Eva Porlan:  Once mastered, lentivirus generation, concentration and titration can be done in six days.  For lentivirus injection in mouse brain, the operation must be done in a few hours and the duration of the experiment depends on the desired survival time. 

5.2 Eva Porlan:  While attempting this procedure, it is important to ensure that personnel are appropriately trained, work in a room or biohazard hood biosafety level 2, wear personal protective equipment and decontaminate all tools and surfaces that have been in contact with viruses. 

5.3 Eva Porlan:  Following this procedure, other methods like intraperitoneal injection of traceable nucleosides can help answer additional questions like the estimation of the number of activated neural stem cells and the rate of neurogenesis/oligodendrogenesis. 

5.4 Eva Porlan:  After its development, this technique paved the way for researchers in the field of neuroscience to explore in vivo targeting and cellular dynamics of neural stem cells and their lineage in adult mouse brain. 

5.5 Eva Porlan:  After watching this video, you should have a good understanding of how to introduce lentivirus in the ventricular-subventricular zone or the lateral ventricle in mouse brain, and to study the genetic modification effects on the infected cells and their progeny.  

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.  

Insert your media file names here.

6.1
Figure 1a.ai   

6.2        Figure 2b.ai

6.3
Figure 2c.ai

6.4
Figure 2f.ai

6.5
Figure 2g.ai

6.6
Figure 2 i-j.ai

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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