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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) ________ If yes, please list make and model of your microscope: 

No. We will provide movie files from the built-in digital image capture in our microscopic systems. 

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)________ 
No. There are several GUI’s that control the systems in our protocol, but the specific software is not a  critical element of the procedure.

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps__________________________
· A visualization of the shank and the wicking channel
· Usage the the flip chip bonder to align and mate the shank to the flexible probe
· Final assembly step of melting PEG onto the handling tab
· Setting up the shank assembly onto the micromanipulator
· Moving/holding connector after insertion, but before applying saline
· Extracting the shank

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  
Successful shank extraction is the most sensitive part of the procedure. In particular, securing the connector temporarily before shank extraction is a delicate step. 
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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 implant flexible thin film neural probes into a tissue using a temporary stiffener. (Intro)

This is accomplished by first designing and fabricating custom silicon stiffeners that match the probe and have a channel filled with dissolvable polyethylene glycol. (P1)

The second step is to use a flip chip bonder to assemble the stiffener to the probe. (P2)

Next, the stiffened probe assembly is inserted into agarose gel to validate the procedure. (P3)

The final step is to allow the polyethylene glycol to dissolve and extract the shank while recording any probe motion. (P4)

Ultimately, the demonstrated method can be used to implant flexible microelectrode probes into neural tissue for in vivo recording and stimulation. (P5)


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. Kedar Shah: The implications of this technique extend toward clinical treatment of neurological disorders, because the removable stiffener enables flexible implanted devices that can reduce adverse tissue reactions.
1.2. Sarah Felix: The main advantage of this technique over existing methods, such as softening materials, is that it can enable precise insertion of arbitrarily long and thin probes.   


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 probe to stiffener
2.1. Fabricate a silicon stiffener with a wicking channel from a silicon-on-insulator wafer with a device layer thickness equal to the desired thickness of the stiffener. 
2.1.1. LAB MEDIA: 2-1-1_SOIWafer.tif

2.2. Dry-etch the wicking channels in a plasma etcher using the standard Bosch process. Then define the stiffener outline by a longer etch that stops on the buried oxide layer.
2.2.1. MED/CU: Talent loads wafer into a plasma etcher.
2.2.1.1. Added LAB MEDIA: 2-2-1-1_ChannelEtch.tif
2.2.2. CU/ECU: Talent unloads wafer from the plasma etcher, showing details of the etched areas.
2.2.2.1. Added LAB MEDIA: 2-2-2-1_ThruEtch.tif

2.3.  Now, wet-etch the buried oxide layer in 49% hydrofluoric acid to release the stiffeners. Then soak the released stiffeners in deionized water for 15 minutes. 
2.3.1. CU/ECU: Talent wet-etches the buried oxide layer in 49% hydrofluoric acid to release the stiffeners.
2.3.1.1. Added LAB MEDIA: 2-3-1-1_Release.tif
2.3.2. ECU: Talent cleans the finished stiffeners of any organic residue using a 3:1 mixture of sulfuric acid and hydrogen peroxide. 
2.3.3. CU: Talent  soaks released stiffeners in deionized water.

2.4. Next, place a pellet of polyethylene glycol [Text over video: 10,000 g/mol PEG] into the reservoir on the tab of the stiffener. Heat the stiffener to 65°C so that the polyethylene glycol melts and wicks into the channel by capillary action. Then cool to room temperature to solidify.
2.4.1. ECU: Talent places a pellet of polyethylene glycol into the reservoir. 
2.4.2. LAB MEDIA: 2-4-2_PEGWicking.mp4
2.4.3. MED/CU: Talent removes solidified stiffner.
2.4.3.1. Added shot CU: showing stiffener


2.5. Place the stiffener upside down on the base stage of the flip chip bonder, then pick up the stiffener with the tool head. Also place the probe upside-down on the base stage. Using the flip chip bonder, align the stiffener and the probe. Then lower the stiffener onto the probe.
2.5.1. ECU: Talent places the stiffener upside down on the base stage of the flip chip bonder, 
2.5.2. MED/CU: Talent picks up the stiffener with the tool head. 
2.5.3. ECU: Talent places the probe upside-down on the base stage. 
2.5.4. LAB MEDIA: 2-5-4_Alignment.mp4
2.5.5. Added shot CU: Talent lowers stiffener onto probe.

2.6. Heat the assembly to 65°C for one minute so that the polyethylene glycol remelts [Text over video: 1 min] and tacks the probe and stiffener. Then cool to solidify.
2.6.1. CU/ECU: Talent heats the assembly to 65°C  
2.6.1.1. Added W/S showing heater applying heat
2.6.2.  ECU: Talent removes solidified stiffner.

2.7. Turn the assembly over and inspect from the top.  Reheat to 65°C to allow the polyethylene glycol to completely fill the interface between the probe and the stiffener. 
2.7.1. CU/ECU: Talent turns the assembly over and inspects from the top.  
2.7.2. LAB MEDIA: 2-7-2_FinalMelt.mp4

2.8. With  probe-side up, melt 1 to 3 extra pellets of polyethylene glycol onto the tab to provide additional reinforcement in this region.
2.8.1. LAB MEDIA: 2-8-1_PegOnTab.mp4

2.9.  Finally, allow the assembly to cool so that the polyethylene glycol solidifies, and the assembly is ready for surgical insertion.
2.9.1. CU/ECU: Talent removes final product.

3. Insertion and extraction in agarose gel
3.1. In an acrylic box, prepare 0.6% agarose gel in phosphate-buffered saline, or PBS [Text over video:  3/4” – 1” deep].. Saturate the gel with PBS and heat to 37°C.
3.1.1. MED-over-the-shoulder/CU: Talent saturates gel with PBS.
3.1.1.1. Added CU: Acrylic box
3.1.2. CU: Talent heats to 37°C.

3.2. Then arrange the micromanipulator, box of agarose gel, and microscopic camera system.
3.2.1. MED/CU: Talent arranges the the micromanipulator, box of agarose gel, and microscopic camera system.

3.3. Insert a glass reference fiducial into the box of gel. Next, use a dental pick to square the features on the reference fiducial to the  field of view of the digital microscope.
3.3.1. ECU: Talent slides a glass reference fiducial into the box of gel 
3.3.2. LAB MEDIA: 3-3-2_AdjustFiducial.mp4

3.4. To mount the probe-stiffener assembly to the micromanipulator, adhere the back of the stiffener tab to a fixture that can be clamped to the micromanipulator, taking care not to contact the probe with adhesive. 
3.4.1. CU/ECU: Talent adheres the back of the stiffener to the micromanipulator fixture at the tab region using double-sided tape or cement (include shot of probe if possible)

3.5. Temporarily secure the connector end of the probe to the fixture with a small piece of adhesive putty, such that it can be easily removed with low force.
3.5.1. ECU: Talent  secures the connector end of the probe to the fixture with a small piece of adhesive putty, such that it can be easily removed with low force. Note from Videographer: “Shot 3.5.1 had multiple takes that failed (1-6)...Take 9 is the probably the shot to be used for the action described in the script for that shot direction.”

3.6. Position the probe assembly over the gel about 1 mm behind the reference fiducial. Then insert the probe into the gel [Text over video: 0.13-0.5 mm/sec], using the camera to guide it to a desired depth in the field of view.
3.6.1. ECU: Talent positions the probe assembly over the gel about 1 mm behind the reference fiducial. 
3.6.2. LAB MEDIA: 3-6-2_InsertProbe.mp4

3.7. Immediately remove the connector end of the probe from the micromanipulator, and secure it on a nearby surface, such as a second manipulator arm. This must be done before the polyethylene glycol on the tab begins to dissolve to avoid displacing the probe.
3.7.1. ECU: Talent removes the connector end of the probe from the micromanipulator, and secures it on a nearby surface, such as a second manipulator arm. 
3.7.2. ECU: Show the PEG on the tab has not dissolved.

3.8. Take a snapshot of the probe location. Note that the reference fiducial features may be slightly out of focus. 
3.8.1. LAB MEDIA: 3-8-1_SnapshotBefore.tif

3.9. Apply saline near the tab to dissolve polyethylene glycol that is above the agarose gel and on the tab [Text over video: variable time].
3.9.1. ECU: Talent uses a dropper and applies saline near the tab to dissolve PEG that is above the gel and on the tab 

3.10. Start video capture if desired. Now, begin extraction of the stiffener by applying a displacement of 100μm at a speed of 5mm/second. Then, complete the stiffener extraction at a slower speed of approximately 0.1 mm/second.
3.10.2. Move before 3.10.1 shot : LAB MEDIA: 3-10-1_ExtractProbe.mp4
3.10.1. MED/CU: Show motion of the motorised positioner
3.10.2. LAB MEDIA: 3-10-1_ExtractProbe.mp4

3.11. When extraction is complete, take a final snapshot of the probe location.
3.11.1. MED-over-the-shoulder: Talent takes a final snapshot of probe location.

3.12. With image processing tools,  compare the images before and after stiffener extraction. Use the features on the reference fiducial that are visible in the field of view to accurately overlay the images. 
3.12.1. MED-over-the-shoulder: With image processing tools,  Talent compares the images before and after stiffener extraction. 
3.12.2. MED-over-the-shoulder: Talent uses the features on the reference fiducial that are visible in the field of view to overlay the images. 

3.13. Calibrate the scale of the image based on the size of known features on the probe. Now measure the distance of probe displacement on the overlay image.
3.13.1. MED-over-the-shoulder: Talent calibrates the scale of the image based on the size of known features on the probe. 
3.13.2. MED-over-the-shoulder: Talent  measures the distance of probe displacement.

4. Results: Neural Probes
4.1. This insertion technique was used in conjunction with LLNL thin-film polyimide probes, which have passed ISO {pronounced “EYE-so”} 10993 biocompatibility standards and are intended for chronic implantation. 
4.1.1. LAB MEDIA: 4-1-1_LLNLProbe.tif

4.2. The agarose gel test can be used to quantify average probe displacement for a given combination of probe, stiffener, and adhesive. For example, these before and after snapshots demonstrate probe displacement of 29µm.

4.2.1. LAB MEDIA: 4-2-1_BeforeAfter.tif


4.3. These single neuron spikes were obtained from a flexible microelectrode probe implanted with a removable stiffener into a rat cortex. 
4.3.1. LAB MEDIA: 4-3-1_InVivoSpikes.tif

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


5. 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.

5.1. Kedar Shah: Following this procedure, we have been able to temporarily stiffen probes in a variety of configurations, including probes with multiple shanks and dual-sided devices
5.2. Sarah Felix: After its development, this technique paved the way for researchers in the field of neuroscience to explore extended neural activity in behaving animal models.

       

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.


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.
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