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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? Yes, Wild M3, stereoscope
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? No
C.  Which steps of your protocol will viewers benefit most from having filmed? 1.2.2, 3.2-3.6, 4.1-4.2
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 to be filmed by their protocol numbers. (Please do not list an entire section.) __3.5 and 3.6
E.  Will the filming need to take place in multiple locations? (Y/N) __No
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 method is to label neurons and their axonal projections in order to trace their connections to target or source brain nuclei of interest. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Otto Albrecht: This method helps answering key questions in neuroscience. such as connectivity patterns between different areas or neuronal populations of the_brain, as well as their functional significance for a given neurocircuit. 
1.2. Otto Albrecht: The main advantage of this technique is that it increases targeting accuracy during tracer injections. This is achieved by using basic optical equipment to visualize fluorescently labeled target nuclei. 

1.3. Achim Klug: Another advantage of this method is that it allows for non-invasive genotyping in genetically altered mouse pups that express fluorescent proteins under the control of specific neuronal promoters.   
Disclosure Card
1.4. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at the University of Colorado.
Protocol (read by voice talent at JoVE):
2. Optical Genotyping
2.1. When genotyping pups, check for the expression of the respective fluorescent markers [2.1.1-WID] using a laser pointer with the appropriate excitation wavelength. [2.1.2-MED]

2.1.1. pan around lab, talent is picking up laser pointer

2.1.2. talent operates laser pointer, shines it as something (hand) that shows laser

2.2. At the same time wear filter goggles [2.2.1-CU] that block the excitation wavelength, but pass the emission wavelength. [2.2.2-MED]

2.2.1. Talent picks up googles

2.2.2. Puts on goggles

2.3. In this example a 405 nanometer laser and 450 – 700 nanometer filters are used. [CU]

2.3.1. shining the laser through the filters, meaning through the googles, showing it being picked up on the other side

2.4. Point the laser at the back of the head or the spinal cord of the pup in question. [2.4.1-CU] Be careful to not shine the laser in the pups' eyes and keep the laser exposure short. [2.4.2-CU]

2.4.1.   setting up a pup for testing (since we did not have any pups at our disposal on the filming day, the steps of non-invasive genotyping in pups were not filmed; please use additional photo “setting up pup_w/o laser_2.4.1” here)
2.4.2. pointing laser at head and activating laser (please use additional photo “laser on pup w/o filter_2.4.2” here)
2.5. The excited fluorescent markers should be visible through the skin.  [ECU]

2.5.1. detail of head, showing markers under skin (please use additional photo “laser on pup plus filter_2.5.1” here)
2.6. When the mouse is older, individual neurons of harvested tissues can be identified. [WID]

2.6.1. establish talent getting cage of adult mice to select from for harvesting tissue

2.7. After anesthetizing the mouse and checking for an absence of reflex [2.7.1-ECU/TEXT], remove the skin over the skull. [2.7.2-CU]

2.7.1.  performing toe pinch, no response TEXT: 120 mg pentobarbital / kg, i.p.
2.7.2. setting mouse up for incision

2.8. Cut the skin along the back of the head to the midsection of the skull. [ECU/LM]

2.8.1. film as written, Fig 2A

2.9. [2.9.1-MED] [2.9.2-ECU] In even older mice (> 1 month) the fluorescence can be observed through the eyes of the animal.
2.9.1.   putting on goggles and preparing to shine laser at mouse skull

2.9.2. film as written (please either use Fig.2A or additional photo “mouse with open skull plus laser & filter_2.9.2” here)
2.9.3 (shot of an anaesthetized adult mouse showing GFP fluorescence through its eye balls).
2.10. Next, using ice-cold PBS, [2.10.1-MED] transcardially perfuse the marker-positive animal using a 30 Gauge needle. [2.10.2-MED]

2.10.1. loading syringe with PBS (we demonstrate a pump-driven injection (see videotaped material), so the shots with a syringe were left out)
2.10.2. injecting mouse

2.11. After five to ten minutes, most of the blood will be removed. [2.11.1-MED] Then, remove the brain and dissect out the region of interest.   [2.11.2-ECU/TEXT]

2.11.1. setting up mouse for brain removal

2.11.2. first incisions to remove the brain, TEXT: See the text protocol for details.

2.12. Here, the trapezoid body, which is two prominent “bulbs” in the ventral region of the brain, contains the region of interest – the ventral nuclei of the trapezoid bodies, or VNTB. [ECU/SCOPE]

2.12.1. accessing the trapezoid bodies in the brain, pointing out the VNTB (it would be nice, if we could get the video footage of this scope shot, we would then mark the regions of interest with either circles or arrows in the video), TEXT: See the text protocol for details.
3. Preparing for the Tracer Injections
3.1. Begin with transferring the explanted brain region of interest [3.1.1-MED] to a dish of oxygenated dissecting solution.  [3.1.2-CU]


3.1.1. picking up brain explant

3.1.2. setting it into dissection solution dish

3.2. There, secure the explant with 30 Gauge syringe needles [3.2.1-ECU] so that the area for injection is accessible on top. [3.2.2-ECU]

3.2.1. placing needles, side view

3.2.2. placed needles, top view

3.3. For the injection, use borosilicate glass pulled injection pipettes [3.3.1-MED] that are manufactured in three or four pulling cycles. [3.3.2-ECU]

3.3.1. talent uncovers lid of pulled pipette container and removes one

3.3.2. detail of pulled pipette(s)

3.4. Load the pipette with the following solution: [3.4.1-MED] Choleratoxin subunit-b conjugated to Alexa fluorophore 555, which is mainly for retrograde transport. [/TEXT]

3.4.1. taking aliquot of Choleratoxin subunit-b conjugated to Alexa fluorophore 555 into a loading pipette

3.4.2. loading pipette with aliquot filling injection pipette, TEXT:  1 mg / ml PBS 
3.5. The next option is dextran tetramethylrhodamine 555. [3.5.1-CU/TEXT] It has a molecular weight of 3000 and is also mainly used for retrograde transport. [3.5.2-MED/TEXT]

3.5.1. taking aliquot of dextran tetramethylrhodamine 555 into a loading pipette,  TEXT: 1% dilution in 0.9% saline

3.5.2. loading pipette with aliquot filling injection pipette, TEXT: 1% dilution in 0.9% saline

3.6. The last option is 10 thousand molecular weight, dextran-TRITC 555. [2.6.1-CU] This is mostly used for anterograde transport. [3.6.2-MED]

3.6.1. taking aliquot of 1% 10,000 MW dextran-TRITC 555 into a loading pipette

3.6.2. loading pipette with aliquot filling injection pipette, TEXT: 1% dilution in 0.9% saline

3.7. Check the resistance of each loaded pipette. [MED]

3.7.1. talent testing pipette resistance

3.8. It should be between 2.5 and 3.5 MegaOhm. [CU]

3.8.1. instrument showing resistance, as described 
4. Anterograde/Retrograde Tracing
4.1. With the laser pointer and injection pipettes all mounted and ready to use, [4.1.1-MED] proceed with aiming the beam at the labeled brain region or cells to be injected. [4.1.2-SCOPE]

4.1.1. talent and tools, pan over set up, talent donning googles

4.1.2. activating beam on tissue

4.2. Observe the field through the band pass filter goggles [4.2.1-MED] to see which neurons to target with the injection pipette.  [4.1.2]

4.2.1. talent with goggles on, operating scope

4.3. Use the micromanipulator to position the pipette [4.3.1-CU] into the area of interest. [4.3.2-SCOPE]

4.3.1. operating micromanipulator

4.3.2. pipette gets into position

4.4. Then, using a pressure injector set to deliver 50 millisecond pulses at 15 psi, [4.4.1-CU] inject the tracer substance in two to ten pulses.  Allow ten to 15 seconds to pass between pulses so the injected dye can spread. [4.4.2-SCOPE]

4.4.1. dialing in the pressure injector settings

4.4.2. injecting the tissue with dye

4.5. When injecting tetramethylrhodamine, [4.5.1-MED] electrically stimulate the region with a stimulating electrode delivering TTL pulses. [4.5.2-SCOPE]

4.5.1. operating stim electrode, to put into position

4.5.2. advancing the stim electrode into postion (in our case the injection electrode is also the stimulation electrode, so these shots were omitted; please show the unmodified version of the screenshot here; the file name is “Stimulation Settings_Screenshot_4.5.bmp”)
4.6. Be sure the electrode is grounded in the bath solution. [ECU]

4.6.1. show grounding wire in bath

4.7. Deliver eight TTL pulses at eight Volts, each 50 milliseconds long, with 50 millisecond intervals.  [4.7.1-CU] Stimulate the region with ten to twenty pulse repetitions over several minutes. [4.7.2-MED]

4.7.1. dialing in the TTL pulse parameters (please use the additional screenshot “Stimulation Settings_Screenshot_4.7.1.bmp.ai” in Illustrator-format to highlight the different settings sequentially; the different settings are pointed out with red squares using Adobe Illustrator)
4.7.2. performing the stimulation, if there's not a lot of action to see here, ask the talent if a SCOPE shot during the stimulation would be more interesting 
4.8. Otto Albrecht:  Brain nuclei vary in size, neuron density and cell types. This means that the number and the duration of pressure and/or the electrical pulses might need to be adjusted to achieve optimal labeling results for a given brain region. [WID]

4.8.1. Interview at bench in conference room
4.9. Using the laser and goggles, check the fluorescent tracer signal.  [4.9.1-MED] The dye should be taken up by cells and spread around the injected area. [4.9.2-SCOPE/LM]

4.9.1. talent puts on goggles and check oculars

4.9.2. without the filters, everything will look about the same, but we need to show what the talent is looking at even if we can't really see it, check for LM in list below
Authors, can you provide a filtered view showing the dye taken up?  If so, please add it to the list of provided media (below) -> this shot was taken under the microscope with the dye-filled area as a representative end result of an injection
4.10. After the injection, incubate the brainstems in oxygenated artificial cerebrospinal fluid [4.10.1-MED] at room temperature for one to four hours.  Maintain the oxygenation during the incubation. [4.10.2-CU]

4.10.1. removing the dish from under the scope

4.10.2. setting up dish with bubbling oxygen

4.11. Then, fix the tissue in 4% paraformaldehyde in PBS overnight at 4 ºC. [MED]

4.11.1. changing the solution in the tissue dish to a fixative or moving tissues to fixative

4.12. The following day, the tissue can be sliced and mounted. [WID]

4.12.1. Loading tissues into refrigeration
5. Results: Labeling Connections within the Trapezoid Body
5.1. An anterograde injection into the ventral nucleus of the trapezoid body, or VNTB, using tetramethylrhodamine dextran, shows that projections from the VNTB extend to the medial nucleus of the trapezoid body, or MNTB.

5.1.1. Fig 4

5.2. Then, the MNTB was injected with choleratoxin subunit-b, which retrogradely labeled the VNTB.

5.2.1. Fig 5A

5.3. In greater detail, the somata of the glycinergic VNTB cells appeared to be labeled.

5.3.1. Fig 5B – magnification of 5A

5.4. Next, the MNTB was injected with the retrograde label, dextran-TRITC.

5.4.1. Fig 5C

5.5. Unlike the punctate pattern of CTB labeling, dextran-TRITC labeling was dense and Golgi-like.

5.5.1. Fig 5D – magnification of 5C
6. Conclusion (said by authors on camera)
6.1. Otto Albrecht
: After watching this video, you should have a good understanding of how to label neurons and their processes with increased accuracy. The demonstrated technique should help you with identifying brain nuclei and neuronal subpopulations participating in a given neurocircuit.
6.2. Otto Albrecht
: Once mastered, the injection procedure can be done in about 30 minutes, if it is performed properly.
6.3. Otto Albrecht
: This procedure can be easily combined with other methods like immunohistochemistry or brain clearing to answer additional questions regarding morphology, directionality and functionality of axonal projections or other neuronal structures.
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.  

setting up pup_w/o laser_2.4.1.NEF – step 2.4.1
laser on pup_w/o filter_2.4.2.NEF – step 2.4.2

laser on pup plus filter_2.5.1.JPG – step 2.5.1

mouse with open skull plus laser & filter_2.9.2.NEF – step 2.9.2

Stimulation Settings_Screenshot_4.7.1.bmp.ai – step 4.7.1
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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