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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) ___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____ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps_____1.2, 1.5, 1.7, 3.9, 3.13 _____________________

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  ____The most difficult aspect of this procedure is to apply the dental cement without it coming into contact with the skin of the mouse. To ensure success, apply small amounts of dental cement at a time in thin layers and allow each layer to completely dry before subsequently adding more dental cement.__________________________
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 _______(insert goal here)___________________ . (Intro)
This is accomplished by first ________(insert 1st step)___________________________. (P1)
The second step is to _____(insert 2nd step)_____________________. (P2)
Next, the  _______(insert 3rd step)_______________________ . (P3)
The final step is _____(insert 4th step)_________________________. (P4)
Ultimately, _(insert method used to assay - e.g. immunofluorescence microscopy)_is used to show _( insert type of results e.g. changes in protein localization)________ _____. (P5)
Conceptual Narrative:
The overall goal of the following experiment is to activate and study neuronal circuits long-term in awake, behaving mice____. (Intro)
This is achieved by implanting a fiber optic over the brain tissue of interest to_create a passage for light to travel directly to the channelrhodopsin-expressing neurons__. (P1)
As a second step, _assemble a fiber optic coupler cord__, which __connects the optical rotary joint to the fiber optic implant_________ . (P2)  

Next, __connect the light source to the optical rotary joint_____in order to___create a serially connected path from the light source to the brain tissue_________. (P3)
Results are obtained that show light-induced firing of channelrhodopsin-expressing neurons_ based on  ___in vivo electrophysiology and behavioral studies__. (P4)
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. Please keep all layers in the file (i.e., do not flatten the file).   
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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.    

· Enter the name of the individual who will say each line. 

· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.

· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

1.1. Author name _________: The main advantage of this technique over existing methods, like _guide cannulas_____, is that __it minimizes damage to brain tissue caused by repeated insertion and removal of an optical fiber______.   
1.2. Author name ________: This method can help answer key questions in the ___cellular and systems neuroscience___ fields, such as _____what are detailed patterns of neuronal connectivity________.  

1.3. Author name _________: The implications of this technique extend toward therapy (or diagnosis) of___synapse or circuit disfunction____, because ___selective activation or inhibition of neurons helps delineate information flow through brain circuits_____.  

1.4. Author name ________: Though this method can provide insight into ___neural circuit function_____, it can also be applied to other systems (model organisms, studies of disease, organ systems), such as __to better understand the synapse and circuit dependent mechanisms that underlie certain types of neurological disorders.
1.5. Author name _______: Generally, individuals new to this method will struggle because __of the surgical procedures associated with fiber optic implantation_____.
1.6.  Author name ________: I/We first implemented and optimized this method upon referencing previous work by Sparta et al___.
1.7. Author name _________: Visual demonstration of this method is critical as the __implantation_______ steps are difficult to master, because ____each seemingly minor step contributes greatly to the overall stability and reliability of the method______.   
1.8. **Author name ________: Demonstrating the procedure will be __Kevin Ung___ a __graduate student__ (technician, post doc, grad student) in my laboratory. (Add additional mention of demonstrators as necessary).  
1.8.1. Interview style: Author saying the above 

1.8.2. 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):

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. Assembly of implant
2.1. After preparing the heat-curable fiber optic epoxy (Authors: does the creation of this [or any other solution described herein] solution need to be visualized? Otherwise we usually leave the preparation of reagents/solutions for the text only portion of the paper
)

2.2. Begin by measuring approximately 35 mm of a 125 µm diameter fiber optic with a 100 µm core. Then position a wedge-tip carbide scribe perpendicular to the fiber optic and score the fiber in a single, unidirectional motion, followed by breaking at a right angle (TEXT: Cutting fiber completely will damage fiber core) (Authors: do you want to show a fiber with a damaged core or just leave the warning as TEXT OVER VIDEO?
).

2.3. Now insert an LC ceramic ferrule with a 127 µm inside diameter bore, convex side pointed down, into a vise, and then insert the fiber optic piece into the ferrule. The fiber optic should slide in smoothly and marginally protrude beyond the convex end of the ferrule.

2.4. Next apply one drop of freshly-prepared heat-curable fiber optic epoxy to the flat end of the ferrule (Authors: is this correct? 
) and then apply a heat gun on the epoxy until it turns black. The epoxy should fill the ferrule as it is heated and should cure within ~1 minute of constant heat application. 

2.5. After curing, clean any epoxy off the sides of the ferrule (TEXT: Outside epoxy will obstruct coupler interfacing). Then, using an LC fiber optic polishing disc (FOPD) (Authors: do you “say” “fiber optic polishing dish” or “FOPD” during a presentation? If FOPD, do you say “F-O-P-D”?
), make circular rotation patterns to polish the convex end of the ferrule on aluminum oxide polishing sheets on a polishing pad on four decreasing grades (TEXT:  Four grades: 5, 3, 1, 0.3 µm grit).
2.6. Then cut the fiber optic at the flat end to the appropriate length for targeting the region of interest (TEXT: Length can be determined using stereotaxic atlas). To test the polished fiber optic, insert the polished end of the implant into the sleeve of the coupler and make direct contact with the opposing ferrule. A bad implant will have a weak focal point near the tip of the fiber optic, whereas a good implant will transmit a smooth concentric circle of light that with output powers to 10 mW. 
2.7. Store the finished implants in foam until use.
3. Assembly of fiber optic coupler cord

3.1. Begin this step by measuring an appropriate length (TEXT: Fiber length should allow mouse to move freely but not allow mouse to chew fiber) of 220 µm diameter fiber optic with a 200 µm core. Then, after scoring the fiber with a wedge-tip carbide scribe as just demonstrated, insert the fiber optic into a piece of furcation tubing with an inner diameter slightly larger and a length slightly shorter than the those of the fiber optic. 

3.2. Then strip ~25mm from one end of the fiber optic and insert it into the metal end of a Multimode FC MM Ferrule Assembly with a 230 µm inside diameter bore until it stops. The fiber optic should stick out through the ferrule end.

3.3. Next secure the connection with cyanoacrylate at the metal end and cover the connection with a Connector Boot. Polish the ferrule end with a FC FOPD as just demonstrated (TEXT: Four grades:  5, 3, 1, 0.3 µm grit).
3.4. Now strip and then insert the other end of the fiber optic into an LC ceramic ferrule (TEXT: 230 µm i.d. bore) with the convex end distal. Then apply a drop of epoxy to the flat end and heat until cured as just demonstrated.
3.5. After polishing the convex end of the ferrule as just demonstrated, slide an LC ferrule sleeve over the convex end of the ferrule until the ferrule reaches the midpoint of the sleeve. Then place heat-shrink tubing over the furcation tubing and sleeve, and heat the heat shrink tubing to secure and protect the connection.

3.6. Finally, connect the ferrule to the laser source and then test it by measuring the light output through the coupler with a spectrophotometer (TEXT: Light loss between laser output and measured coupler output should not exceed 30%).
4. Surgical Implantation

4.1. Before beginning the surgery, use clippers to shave the scalp of the anesthetized animal. Then disinfect the surgical area with 70% isopropyl alcohol followed by 4% chlorohexadine solution.

4.2. Next place the mouse in the sterotaxic rig and secure the head, ensuring that the skull is level. Apply ophthalmic ointment to the animal’s eyes to prevent dryness and postoperative pain. Continuously monitor anesthesia by response to a tail pinch.
4.3. Now make an incision through the midline of the scalp, exposing the cranium from the eye orbits to the lambda suture, pushing aside any connective tissue as necessary. Use Serafin clamps to hold back the skin and maintain access to the cranium. 

4.4. Use a dental pick or bent gauge needle (Authors: Which instrument will you show in the video? We can reference both in the text only portion of the paper but show only one in the video
) to etch a checkered pattern throughout the surface of the cranium and then wash away any debris with sterile saline. 

4.5. After drying thoroughly, use a cotton swab to apply 3% hydrogen peroxide to the exposed cranium for ~2-3 seconds to create micropores. Then wash the skull multiple times and dry it thoroughly. Alternatively, anchor screws can be inserted into the cranium (Authors: Do you want/plan to show anchor screws in the video? If not, we will leave this tip for the text only portion of the paper
).
4.6. After etching, washing, and drying the checkerboard pattern into the cranium again, use a rotary dental drill to make a small bur hole craniotomy <1 mm in diameter above the region of interest (TEXT: Determine bur hole location with stereotaxic atlas calibrated to bregma and lambda) (Authors: is this correct?
), being careful not to break the dura or damage any tissue.  

4.7. After washing away the debris and drying the area thoroughly, insert the fiber optic ferrule implant into the probe holder and then connect it to the stereotaxic arm. 

4.8. Position the implant in place directly above the region of interest using the stereotaxic arm.  If inserting the optical fiber in the brain tissue, the fiber should be advanced slowly at a rate of ~2 mm/min (Authors: will you show insertion into the brain tissue? If no, we can leave this tip for the text only portion of the paper
). (TEXT: Ferrule should rest on surrounding cranial tissue) 
4.9. Use a sterile pipette tip to apply a thin, even layer of freshly-prepared dental cement   (TEXT: Mixture will be usable for 2-4 min), with a low enough viscosity to easily spread the mixture across the cranium, onto the lower portion of the implant. The base layer of dental cement should cover as much surface area on the cranium as possible (TEXT: Do not let cement come into contact with mouse skin).

4.10. After allowing the base layer to dry completely, apply even layers of the dental cement to form a small mound on top of the cranium and around the implant, allowing each layer to dry completely each time. Leave ~3-5 mm of the convex end of the ferrule clean of cement to allow for a smooth, unobstructed connection.
4.11. Then suture the scalp over the mound of dental cement and around the implant. Optional: Use VetBond adhesive for additional binding after suturing (Authors: will you show suturing of the scalp or will you show using the vetbond adhesive in the video? We can reference both in the text but show only one in the video
).

4.12. Finally, apply topical analgesics and antibiotics to the sutured skin and around the base of the implant and then place the mouse in a cage over a heating blanket for post-operative recovery, monitoring the animal during recovery for signs of distress.

5. Results: Fiber optic implantation
5.1. Proper assembly of the fiber optic implant and coupler results in minimal photon loss between the light source and the end of the fiber optic in the region of interest. Well-polished fiber optics should transmit light in a uniform, concentric circle.
5.1.1. LAB MEDIA: Figure 2d (Authors: Please submit Figure 2d as its own individual file without the “d” label) (50004_Arenkiel_Figure2d.psd)
5.2. With careful implantation and suturing, the implant causes no visible irritation to the mouse and can remain in place for long-term studies without any significant degradation of the fiber optic or to the amount of light transmitted.
5.2.1. LAB MEDIA: Figure 3d (TEXT: >1 month after implantation)  (Authors: Please submit Figure 3d as its own individual file without the “d” label) (50004_Arenkiel_Figure3d.psd)
5.3. Improper implantation or suturing can cause irritation and can result in the mouse scratching the scalp, exposure of dental cement, or breakage of the ferrule from the dental cement due to persistent manipulation.  A schematic diagram of the assembled system can be seen in Figure 4 (Authors: you may find Figure 4 useful for the graphics for the schematic overview. If you choose to use Figure 4 for the schematic overview graphics, please match the narrative text with the images as closely as possible).
5.4. Authors: would you like to include any data showing that the fiber optic works after either of the tests suggested at the end of the first two preparation steps? Or any data showing results after brain stimulation?
 Functional, behavioral assays in an awake mouse show a direct response from stimulation through a fiber optic implanted over the motor cortex.
5.4.1. LAB MEDIA: 50004_Arenkiel_MCstim.avi
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 
3. 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. You may revise the given prompts if necessary to better fit your protocol.
3.1. Author name ________: Once mastered, this technique can be done in ___30 minutes_____ (hours/min) if it is performed properly.

3.2. Author name ________: While attempting this procedure, it’s important to remember to __be patient and allow each layer of dental cement to completely dry before applying the next layer____.
3.3. Author name ________: Following this procedure, other methods like __photostimulation of targeted brain regions___________ can be performed in order to answer additional questions like ______what are the patterns of circuit connectivity associated with the target cells_______.

3.4. Author name ________: After its development, this technique paved the way for researchers in the field of __optogenetics___ to explore ___neural circuit function____ (subdivision of field, disease, natural phenomenon) in ____mice___( model organism, patient demographic, organ system).

3.5. Author name _________: After watching this video, you should have a good understanding of how to __assemble fiber optic implants and coupler cords, and implant them over brain tissue expressing optogenetic reporters____ (restate overall goal of the procedure mention specific steps).

3.6. Author name _________: Don't forget that working with _laser light sources____________(reagent, pathogen, instrumentation) can be extremely hazardous and precautions such as __proper visual shielding__________ should always be taken while performing this procedure.   

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, 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 filenames here.
50004_Arenkiel_Figure2d.psd

50004_Arenkiel_Figure3d.psd
50004_Arenkiel_Figure4.psd
50004_Arenkiel_Ephys.psd
50004_Arenkiel_MCstim.avi
50004_Arenkiel_conceptual_schematic.pptx
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, as well as an introduction to your videographer, closer to your filming date.
�No, creation of epoxy is a standard 1:10 mixture of resin to hardener


�Text over video


�Yes


�say “fiber optic polishing disc” or “polishing disc” for short


�We will show the dental pick


�We do not plan to show anchor screws in the video


�Yes


�We will show implant placement over the brain, but not insertion into brain tissue


�We will show suturing of the scalp and using vetbond adhesive as vetbond is an optional step AFTER suturing


�We will include in vivo electrophysiology data showing activation of targetted neurons through the implant and a video of a behavioral response during brain stimulation





( 2011, Journal of Visualized Experiments


