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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____Y_____  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _________ STORZ URBAN US-1 microscope ____________________________________

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)____N____ 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.) _ The eye and abdominal surgery are the most important; they are highlighted as steps 3.5, 3.6, 3.7, 3.8, 3.9, 3.11, 3.12______

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.) Most difficult is implantation of electrodes on the eyes. This may require some surgical skills under microscope, eg. Steps 3.7 and 3.8_________________________

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. Experimental Goal (read by voice talent at JoVE):
The overall goal of this procedure is to measure conscious ERG and VEP signals following surgical implantation of wireless telemetry probes. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Zheng He: This method can help answer key questions in the visual neuroscience field, such as how neurons behave without the limitations of general anesthesia under both normal physiological and disease states. 
1.2. Zheng He: The main advantage of this technique is that visually evoked retinal and cortical electrophysiology can be conducted in conscious animals.   

E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.9. Procedures involving animal subjects have been approved by the Animal Ethics Committee, Science Faculty, University of Melbourne.
Protocol (read by voice talent at JoVE):

2. Preparing electrodes
2.1. To begin this procedure, prepare the electrodes under a microscope [1-MED].  To do so, untwist a double stranded stainless steel electrode with two fine-tip pliers [2-SCOPE].  Trim one of the stainless steel strands at approximately 1 cm from the tip, leaving a single longer straight strand to shape the ring electrode [3-SCOPE].  Then, fold the single stainless steel strand back onto itself and twist to form a smooth ring at the tip of the electrode [4-SCOPE].
2.1.1. Talent looking at an electrode through the eyepieces of the microscope
2.1.2. A SCOPE movie to show procedure described above
2.1.3. A SCOPE movie to show procedure described above
2.1.4. A SCOPE movie to show procedure described above
2.2. Next, shape an ERG active electrode by twisting the base of the loop to form a circle with a diameter of 0.2-0.5mm [1-SCOPE-TXT]. For the 2 ERG inactive and 1 VEP inactive electrodes, make the loop diameter to 0.8 mm [2-SCOPE-TXT].  In this example, prepare 1 active ERG and 3 inactive electrodes [3-SCOPE/CU].

2.2.1. A SCOPE movie to show procedure described above. Text: ERG: electroretinogram Repeat shot 2.1.4
2.2.2. A SCOPE movie to show a loop of 0.8 mm diameter being made.  Text: VEP: visual evoked potential
2.2.3. A SCOPE movie /CU to show 1 active ERG and 3 inactive electrodes that have been prepared
2.3. After that, hook the circular VEP active electrode around a stainless steel screw so the electrode rests against the screw head [1-SCOPE].  Then, hook the 3 inactive electrodes around a second stainless steel screw [2-SCOPE].  The ground electrode will go directly into the peritoneal cavity and there is no need to make a loop at the tip. In this image the ground electrode is on the right. [3-SCOPE]. 
2.3.1. A SCOPE movie to show procedure described above
2.3.2. A SCOPE movie to show procedure described above
2.3.3. A SCOPE movie to show a ground electrode without loop
3. Surgical implantation 

3.1. After shaving and disinfecting the surgical site of an anesthetized animal, make a 10 mm incision on the head along the midline between the ears with a surgical scalpel [1-MED-over the shoulder].  Then, make a 5 mm incision on the abdomen through the skin layer along the midline below the sternum [2-CU].  After that, tunnel a cannula of 5 mm diameter subcutaneously from the abdomen incision to the head incision [3-CU].
3.1.1. Talent makes a 10 mm incision on the head along the midline between the ears with a surgical scalpel
3.1.2. CU the animal as a 5 mm incision is made on the abdomen through the skin layer along the midline below the sternum
3.1.3. *Film as written
3.2. Feed the electrode wires of the transmitter through the cannula from the abdomen to the head [1-CU-TXT].  Leave the reference electrode with the transmitter base [2-CU].  Then, cover all the electrode tips with aseptic gauze [3-CU].
3.2.1. CU the animal as the electrode wires of the transmitter are fed through the cannula from the abdomen toward the head. Text: 3 active and 3 inactive electrodes 
3.2.1.1. [added] CU the animal as the electrode wires are coming out of the head

3.2.2. CU the reference electrode as it is left with the transmitter base
3.2.3. CU the electrodes as their tips are covered with aseptic gauze
3.3. Next, secure the rat’s head to a stereotaxic platform [1-MED-over the shoulder].  Extend the forehead incision to 30mm with surgical scissors [2-CU].  Then, expose the surgical area by retracting the skin with 2 sutures [3-CU].
3.3.1. *Film as written
3.3.2. CU the animal’s head as its forehead incision is extended to 30mm 
3.3.3. *Film as written
3.4. Scrape off the periosteum overlying the skull to expose bregma, lambda and midline sutures [1-CU].  Subsequently, drill two holes through the skull at the VEP active and ERG/VEP inactive stereotaxic coordinates [2-CU-TXT].  Attach the active and inactive electrodes with stainless steel screws to the skull to about 1mm in depth [3-CU].
3.4.1. CU the skull as the periosteum is scraped off to expose bregma, lambda and midline sutures
3.4.2. CU the skull as 2 holes are drilled. Text: See the accompanying manuscript for coordinates
3.4.3. CU the skull as the active electrodes are attached to it with screws

3.4.4. [added] CU the skull as the inactive electrodes are attached to it with screws

3.5. To implant the ERG active electrodes, use a suture to temporarily retract the upper eyelid [1-SCOPE].  Then insert a 16-21 Gauge cannula subcutaneously from behind the eye through to the superior conjunctival fornix [2-SCOPE].  Subsequently, remove the guiding needle and cut the remaining plastic catheter to 20mm [3-SCOPE].

3.5.1. A SCOPE movie to show procedure described above
3.5.2. A SCOPE movie to show procedure described above

3.5.3. [combined with 3.5.2] A SCOPE movie to show procedure described above
3.6. Next, feed the active electrode through the shortened plastic catheter from the forehead towards the eye [1-SCOPE].  Use a temporary suture, which is threaded through the electrode loop, to prevent the electrode from retracting back into the tunnel [2-SCOPE].  
3.6.1. A SCOPE movie to show procedure described above 
3.6.2. A SCOPE movie to show that a temporary suture is  made to prevent the electrode from retracting back into the tunnel
3.7. After that, make a 0.5mm incision on the superior conjunctiva, 1 mm behind the limbus [1-SCOPE]. Use blunt dissection to expose the underlying sclera [2-SCOPE].  Then, implant a suture immediately behind the limbus at half scleral thickness and be careful not to puncture the eyeball [3-SCOPE]. 
3.7.1. A SCOPE movie to show procedure described above 
3.7.2. [combined with 3.7.1] A SCOPE movie to show procedure described above

3.7.3. A SCOPE movie to show procedure described above

3.8. Subsequently, remove the temporary suture from the ERG active electrode [1-SCOPE]. Anchor the ERG active electrode to the half scleral thickness suture by tying 3 consecutive knots and ensure the electrode tip is situated close to the limbus for a good signal-to-noise ratio [2-SCOPE].  If necessary, pull back the excess electrode lead so the active electrode doesn’t impinge on the cornea [3-SCOPE].  
3.8.1. A SCOPE movie to show procedure described above
3.8.2. A SCOPE movie to show that the ERG active electrode is anchored to the half scleral thickness suture by tying 3 consecutive knots
3.8.3. [added] A SCOPE movie to show the excess electrode lead being pulled back so the active electrode doesn’t impinge on the cornea 

3.9. Then, close the conjunctival flap using 1 to 2 interrupted sutures to completely cover the ERG electrode [1-SCOPE].  Afterward, remove the eyelid retracting suture [2-SCOPE].  Repeat the procedure for the contralateral eye [3-SCOPE].
3.9.1. A SCOPE movie to show procedure described above
3.9.2. A SCOPE movie to show procedure described above
3.9.3. A SCOPE movie to show a suture is implanted immediately behind the limbus at half scleral thickness of the contralateral eye
3.10. Now, apply cyanoacrylate gel over the skull to secure all the stainless steel screws and electrode wires [1-MED-over the shoulder].  Ensure the ERG active electrodes are not tightly pulled before being secured to enable eye movements [2-CU].  Next, close the incision using interrupted sutures [3-CU].
3.10.1. *Film as written
3.10.2. [combined with 3.10.1] CU the head of the animal to show that the electrodes are not pulled tightly
3.10.3. *Film as written
3.11. Then, rotate the rodent to expose the abdominal area [1-MED-over the shoulder].  Extend the abdominal dermal incision to 40mm along the linea alba with surgical scissors [2-CU].  After that, make a 35mm incision through the inner muscle wall to expose the inner abdominal cavity [3-CU]. 
3.11.1. *Film as written

3.11.2. CU the animal as the abdominal dermal incision is extended to 40mm along the linea alba
3.11.3. CU the abdomen as  35mm incision is made through the inner muscle wall to expose the inner abdominal cavity
3.12. Using two sutures, attach the transmitter body to the animal’s inner abdominal wall at the right and avoid contacting the liver [1-CU].  Fold the ground electrode by securing it in a loop with two sutures [2-CU] and place it free-floating in the abdominal cavity along with the other electrode leads [3-CU]. 
3.12.1. CU the abdomen as the transmitter body is attached to the animal’s right side inner abdominal wall
3.12.2. *Film as written
3.12.3. *Film as written
3.13. Subsequently, close the peritoneum using a continuous suture [1-CU].  Then, close the skin incision using interrupted sutures [2-CU].
3.13.1. CU the abdomen as the peritoneum is closed using a continuous suture
3.13.2. CU the abdomen as the skin incision is closed using interrupted sutures
4. Conduct ERG and VEP recordings in conscious rats 

4.1. For recording dark-adapted signals, animals are dark-adapted for 12 hours and all procedures are performed in a dark room with the aid of dim red light. For illustration purposes, recordings will be conducted under normal room lighting conditions here. [1-MED]. Before recording, apply topical anesthesia and dilating drops to the cornea of the rat [2-MED-over the shoulder-TXT].  
4.1.1. Talent showing the animals in the dark set up under dim red lighting 
4.1.2. *Film as written. Text: See the accompanying manuscript for details
4.2. Next, guide the conscious animal into a custom made, clear restrainer [1-MED].  Place the rat in front of the Ganzfeld bowl with its eyes aligned with the opening of the bowl [2-CU].
4.2.1. *Film as written
4.2.2. CU the rat as it is placed in front of the Ganzfeld bowl with its eyes aligned with the opening of the bowl
4.3. Turn on the indwelling transmitter by passing a magnet within 5cm of it [1-MED-over the shoulder].  Verify that the transmitter is on by checking the LED status light on the receiver base [2-CU].    Close the faraday cage which houses the receiver pad to improve the signal-to-noise ratio [4-MED]. Then, collect signals over a range of luminous energies [3-MED-over the shoulder].
4.3.1. *Film as written
4.3.2. CU the LED status light on the receiver base
4.3.3. Talent presses the “start” or “record” button to collect signals
4.3.4. *Film as written
4.4. Zheng He:   To maximize the signal-to-noise ratio of the ERG recordings, ensure that the half scleral thickness suture does not puncture the eyeball, and secure the ERG active electrode close to the limbus without impinging on the cornea [1-MED].
4.4.1. Interview style
5. Results: Conscious ERGs exhibit characteristic waveforms and repeatable measurements 
5.1. This figure shows the ERG waveforms in conscious rats on day 7 post-surgery. ERG responses were recorded to a range of stimulus energy, with the response to the dim flash shown at the bottom and the brightest flash at the top [1-LM].  On day 28 post-surgery, these waveforms remained similar to those on day 7 [2-LM].
5.1.1. Fig 1A.TIF: Show graph
5.1.2. Fig 1B.TIF: Show graph
5.2. Over 4 weeks, there was no significant time effect for photoreceptor amplitude [1-LM] and sensitivity [2-LM]; rod bipolar cell amplitude [3-LM] and sensitivity [4-LM]; cone bipolar cell amplitude [5-LM] and implicit time [6-LM]. 

5.2.1. Fig 1C.TIF: Show graph
5.2.2. Fig 1D.TIF: Show graph
5.2.3. Fig 1E.TIF: Show graph
5.2.4. Fig 1F.TIF: Show graph
5.2.5. Fig 1G.TIF: Show graph
5.2.6. Fig 1H.TIF: Show graph
5.3. Similarly, VEP waveforms appeared to be comparable 7 and 28 days post-surgery [1-LM], with amplitude [2-LM] and timing parameters showing no significant time effect.  These results indicated robust ERG and VEP signal stability [3-LM].
5.3.1. Fig 2A.TIF: Show graph
5.3.2. Fig 2B.TIF, Fig 2C.TIF: Show graphs
5.3.3. Fig 2D.TIF, Fig 2E.TIF, Fig 2F.TIF: Show graphs
6. Conclusion (said by authors on camera)

6.1. Zheng He:  Once mastered, the surgical component of this technique can be done in 1.5 to 2 hours and the conscious recording component can be done in 45 minutes if performed properly.

6.2. Zheng He: Following this procedure, other methods like pharmacological and disease manipulation can be performed in order to answer additional questions in drug discovery and chronic or longitudinal experiments. Additionally, the procedure has the potential to be applied to other animal models. 
6.3. Zheng He: After watching this video, you should have a good understanding of how to surgically implant and subsequently measure conscious ERG and VEP telemetry signals.

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 filenames here.

2. Overview 

Schematic 1 overview.ppt

6.    Results: ERG and VEP analysis   

Schematic 2 representative results.ppt

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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