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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) Y  

Can you record movies/images using your own microscope camera? (Y/N) N. We have a trinocular scope with a C-mount camera port, however we do not have a good camera for filming through the port.   

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: Our scope is a AMScope SM-7TZ-FRL https://www.amazon.com/AmScope-SM-7TZ-FRL-Professional-Magnification-Articulating-Arm/dp/B005MKQ4BC/ref=sr_1_1/147-1196578-4739446?ie=UTF8&qid=1533773984&sr=8-1&keywords=SM-7TZ-FRL
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) 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.) 2.2, 2.4, 2.10, 2.11, 2.14, 2.16
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.) It can be tricky to accurately deposit small volumes of silk on the tips of small optical fibers. We suggest practicing this step with silk that has been mixed with a dye, then visualizing the resulting silk film under a microscope after the silk has dried. This is described in step 2.6. 
E.  Will the filming need to take place in multiple locations? (Y/N) N 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.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Chris Chen: This method can help answer key questions in the field of systems neuroscience, such as how the activity of neuronal ensembles supports sensory and cognitive processing in the brain.  
1.2. Skyler Jackman: The main advantage of this technique is that it facilitates the accurate targeting of optogenetic proteins like Channelrhodopsin and GCaMP to brain regions of interest, without requiring a separate virus injection procedure.   

B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Chris Chen: Visual demonstration of this method is critical as the deposition of silk and virus to small optical implants can take some practice in order to achieve reproducible results.    
C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.4. Skyler Jackman: Demonstrating the procedure will be Jasmine Vazquez, a volunteer intern in my laboratory. 

1.4.1. Interview style: Author saying the above 

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

Protocol: (read by voice talent at JoVE)
2. Mix Aqueous Silk with AAV Expression Vectors and Apply Silk/AAV Film to Devices
2.1. First, mix thawed AAV and 5 to 7.5 percent aqueous silk fibroin in a 1 to 1 ratio in a 200 microliter PCR tube [1-MED-TXT]. Gently pipette the solution in and out several times to thoroughly mix the AAV and fibroin [2-MED].
2.1.1. Talent adds reagents to PCR tube. Videographer: Show AAV and silk fibroin container labels in frame if possible. TEXT: AAV: Adeno-associated viral. 
2.1.2. Talent pipettes solution up and down in tube.
2.2. Next, mount a ferrule holder into a stereotaxic apparatus equipped with a microinjector [1-MED-TXT]. Place the ferrule holder above the microinjector and apply the silk AAV mixture from below [2-MED]. 
2.2.1. Talent mounts ferrule holder into stereotaxic apparatus. TEXT: See figure 1A.
2.2.2. Talent places ferrule holder above microinjector and applies silk/AAV mixture.
2.3. To deposit the silk AAV, load an injection pipette with the amount of solution required for the number of fiber implants being made, plus approximately 30 percent extra to accommodate losses due to pipette clogging [1-MED-TXT]. 
2.3.1. Talent loads injection pipette with silk/AAV solution. TEXT: If 10 implants, load 100 nL, withdraw ~1.3 µL. [Author note]: Section 2.3 should be moved prior to setion 2.2
2.4. Maneuver the injection pipette until it is touching or nearly touching the center of the optical fiber surface and eject 10 to 20 nanoliters of silk AAV solution [1-SCOPE]. Then, withdraw the pipette [2-SCOPE]. [Author note]: Please note, all SCOPE shots are inverted vertically (up became down), and should be inverted in post-production to correctly depict up and down.
2.4.1. Microscope shot of talent ejecting silk AAV solution onto optical fiber surface. Microscope shot as talent withdraws pipette from optical fiber surface. [Author note]: 2.4.1 and 2.4.2 were combined into a single shot.
2.4.2. Microscope shot as talent withdraws pipette from optical fiber surface.

2.5. Next, observe the bolus of silk AAV on the flat surface, which appears as a liquid dome that dries to a flat film within approximately 1 minute [1-SCOPE-TXT]. 
2.5.1. Microscope shot of bolus of silk AAV change from liquid dome to flat film during drying. TEXT: See figure 1B.
2.6. Repeat the previous steps until the desired amount of silk AAV is deposited [1-TXT]. When preparing multiple implants, apply the silk AAV solution to one implant and then move on to coat other implants before returning to the first [2-MED SCOPE].  
2.6.1. Use shot 2.4.1. TEXT: 20 – 200 nL for most applications.
2.6.2. Talent removes one implant, places another implant under microscope and applies silk AAV to it. [Noter to the video editor]: I don’t know what they use for this shot. 
2.7. After 1 hour of drying, place the entire ferrule holder into a vacuum chamber and vacuum desiccate overnight at approximately 125 Torr and 4 degrees Celsius [1-MED]. 
2.7.1. Talent places ferrule holder in vacuum dessicator.
2.8. On the following day, evaluate the shape and position of the resulting silk film under a high-power microscope [1-MED]. Ensure that films are confined to the tip of the optical fiber surface, relatively thin, and symmetrical [2-LM-TXT]. 
2.8.1. Talent places silk film under microscope.

2.8.2. ExampleFibers.tiff. TEXT: See figure 1C.
2.9. For coating tapered optical fibers, position the silk AAV injection pipette against the side of the optical fiber at the beginning of the taper, making sure that the pipette is touching the optical fiber [1-SCOPE]. 
2.9.1. Microscope shot as talent positions the injection pipette against the side of the optical fiber.
2.10. Eject 20 nanoliters of silk AAV to start the coating process, ensuring that the droplet adheres to the optical fiber and remains at the interface of the fiber and pipette [1-SCOPE]. Gently wick the droplet towards the end of the fiber tip as the silk AAV dries and keep the injection pipette in contact with the drying droplet to avoid clogging the pipette tip [2-SCOPE]. 
2.10.1. Microscope shot of talent ejecting silk AAV onto the optical fiber.

2.10.2. Microscope shot of talent wicking the droplet towards the end of the fiber tip.
2.11. When the first bolus has almost completely dried, eject another 20 nanoliters and continue wicking the droplet along the taper [1-SCOPE]. 
2.11.1. Microscope shot of talent ejecting silk AAV onto the optical fiber and wicking the droplet along the taper.
2.12. Repeat the previous step by ejecting small amounts of silk AAV, and gradually drawing the solution up the side of the taper [1-TXT]. 
2.12.1. Use shot 2.11.1. TEXT: 5 – 6 ejections to traverse surface of 2.5 mm taper.
2.13. After drying, evaluate the shape and position of the resulting silk film under a high-power microscope [1-LM]. 
2.13.1. Composite_Fiber.tif (RGB).tif 

2.14. For coating GRIN lens implants, deposit silk AAV in a single ejection on a GRIN lens implant [1-SCOPE-TXT].
2.14.1. Microscope shot of talent depositing silk AAV on implant. TEXT: 1 µL for 1.0 mm diameter lens. 

2.15. After drying, evaluate the shape and position of the resulting silk film under a high-power microscope to ensure that the film covers the surface of the lens [1-LM]. 
2.15.1. Grin_film.png 

2.16. For coating glass cranial windows, hand pipette a 5 microliter droplet of silk AAV onto the surface of a 3 millimeter round coverslip so that the droplet spreads out to cover the entire glass surface [1-SCOPE]. 
2.16.1. Microscope shot as talent hand pipettes silk AAV onto coverslip. 
2.17. After drying, store the silk AAV-coated optical fibers in a cooled vacuum desiccator at 125 Torr and 4 degrees Celsius prior to implanting the devices [1-MED] [2]. 
2.17.1. Talent places fibers in vacuum dessicator.
2.17.2. Talent places vacuum dessicator in fridge [Noter to the video editor]: I don’t know what kind if shot it is
3. Results: Targeted Delivery of Expression Vectors Using Silk/AAV Optical Fibers
3.1. Fluorescence images of fluorophore-tagged optogenetic proteins provided a measure of the extent of expression of the silk AAV films, and typical optical fibers can readily accommodate 200 nanoliters of silk AAV [1-LM]. With practice, experimenters can achieve highly reliable expression around the tip of implanted fibers [2-LM]. 
3.1.1. Figure 1 – Video Editor: Zoom into figure D and highlight left image.
3.1.2. Figure 5
3.2. Two possible issues with coated cranial windows are insufficient expression, and silk films that fail to dissolve and obscure the field of view [1-LM]. To increase expression, a durectomy can be performed prior to implanting the window, and/or increasing the amount of virus in the film [2-LM]. The best expression was achieved using a 1 to 4 mixture of silk and stock-titer AAV, respectively [3-LM]. 
3.2.1. Figure 3 – Video Editor: Emphasize or highlight image labeled “Without durectomy”.
3.2.2. Figure 3 – Video Editor: Emphasize or highlight image labeled “With durectomy”.
3.2.3. Figure 3
3.3. The amount of silk in coated windows is 10 to 100 times more than on fiber implants, and the film is less embedded in tissue and thus may not be exposed to the same levels of proteolytic activity than can dissolve silk films [1-LM]. However, the presence of some silk is essential to achieving expression beneath windows, likely because a film made of virus alone is washed away by interstitial fluid during surgery [2-LM]. 
3.3.1. Window_No_Silk.tiff: Video Editor: Highlight image labeled “Cranial window coated with silk AAV”. 
3.3.2. Window_No_Silk.tiff 
4. Conclusion (said by authors on camera)

4.1. Chris Chen: While attempting this procedure, it’s important to prepare and store silk-coated implants in the manner we describe. Improper storage may change the properties of silk films, or decrease the efficacy of viral expression vectors.

4.2. Wade Regehr: This technique can be of great utility for researchers in the field of systems neuroscience to explore how neural activity drives sensory and cognitive processing in the brains of mammals such as mice, rats, or even non-human primates. Video Editor: Show Supplemental Video 2.mp4 during this statement. 
4.3. Jasmine Vazquez: Don't forget that working with viral expression vectors can be hazardous and personal protective equipment such as gloves, goggles and lab coats should always be worn while working with adeno-associated virus.   

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.  

2.8 – ExampleFibers.tiff – brightfield and fluorescence image of good and bad silk-coated fibers
2.13 – Composite_Fiber.tif (RGB).tif – brightfield and fluorescent image of uncoated and coated tapered fiber

2.15 – Grin_film.png – brightfield image of GRIN lenses with thin films

3.3 – Window_No_Silk.tiff 

4.2 –  Supplemental Video 2.mp4 – image of mouse in open field arena being stimulated so that it turns in leftward circles. If the editors would like this video, it illustrates the in vivo application of our technique.
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.

( 2018, Journal of Visualized Experiments


