Submission ID #: 56645
Editor Name: Petti Pang
Videographer name: Kevin Larson
Film Date: October 5, 2017
Link: https://www.jove.com/account/file-uploader?src=17276773
Authors and Affiliations: 

Corey M Rountree1, John B Troy2, Laxman Saggere1
1Department of Mechanical and Industrial Engineering, University of Illinois at Chicago

2Department of Biomedical Engineering, Northwestern University
Title: Methodology for Biomimetic Chemical Neuromodulation of Rat Retinas with the Neurotransmitter Glutamate In Vitro
Corresponding Author: 

Laxman Saggere

Department of Mechanical and Industrial Engineering

University of Illinois at Chicago

Chicago, IL, USA

Email Address: saggere@uic.edu

Tel: (312) 413-1031
Co-authors:

cmr194@uic.edu

j-troy@northwestern.edu

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

Note: We will be using two different types of microscopes during our protocol shooting:

1. A stereo zoom microscope for dissection of the retina.

2. An inverted microscope for microinjection experiments (bulk of the protocol).

Therefore, I will answer the camera question separately for each microscope:

Can you record movies/images using your own microscope camera? (Y/N)____N_____  

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: ___Nikon SMZ-745T_( https://www.nikoninstruments.com/Products/Stereomicroscopes-and-Macroscopes/Stereomicroscopes/SMZ745 )

Note: Dissection will be carried out under dim red light. The camera must be able to capture the dissection under this low light condition. The SMZ745T is equipped with a camera port (trinocular type) and a built-in 0.55x C-mount adapter.

Inverted microscope:

Can you record movies/images using your own microscope camera? (Y/N)___Y_____  

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: _____________________________________________

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)____Y____ 

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, 2.3, 3.1, 3.4, 5.1, 5.2
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 using the step numbers listed in this document. (Please do not list entire sections.) Step 3.4 is the most difficult. To ensure success, one must examine the retinal surface using a microscope and modulate the bottom suction pressure to keep the retina in contact with the pMEA but avoid too much bottom suction pressure. Observing with the microscope helps one detect the signs of both too little (retina visibly floats away from pMEA) and too much (small portions of the retina are sucked into the perforations of the pMEA) bottom suction pressure.
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 methodology is to enable a novel chemical-based neuromodulation of retinal neurons using neurotransmitters, which could potentially replace the functionality of defective retinal cells in patients with neurodegenerative blindness to restore vision. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. John Troy: This method can help answer key questions in the field of artificial vision, such as “can glutamate, a primary retinal neurotransmitter, be used to therapeutically stimulate a photoreceptor degenerated retina?” 
1.2. John Troy: The main advantage of this technique is that it is biomimetic. Stimulating the retina this way offers the potential for higher visual acuity and more naturalistic vision than electrical stimulation does. 

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Corey Rountree: The implications of this technique extend toward the treatment of blindness due to photoreceptor degenerative diseases, because early therapeutic intervention of a degenerated retina could restore glutamate sensitivity in retinal neurons. 
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 Institutional Animal Care and Use Committee (IACUC) at the University of Illinois at Chicago.
Protocol: (read by voice talent at JoVE)
2. Wholemount retinal preparation
2.1. To begin this procedure, place both enucleated eyes in a 60 mm diameter petri dish with fresh, oxygenated Ames medium solution [1-MED-over the shoulder-TXT]. Using a dissection stereomicroscope, make a small incision in the corneal face using a scalpel or a pair of sharp scissors [2-SCOPE].

2.1.1. Talent places the eyes in a 60 mm diameter petri dish with Ames medium solution. Text: “This procedure should be conducted under dim red illumination to preserve retinal light sensitivity”
2.1.2. Show that a small incision is made in the corneal face

2.2. Next, make a cut from this small incision to the edge of the cornea and extend it in a circumferential section around the entire edge of cornea [1-SCOPE]. Then, remove the detached cornea along with the lens, translucent aqueous and vitreous humors [2-SCOPE].
2.2.1. Show the procedure described

2.2.2. Show the procedure described
2.3. While gently holding the eyecup with one pair of forceps, use another pair of forceps to separate the retina from the sclera [1-SCOPE]. Slowly lift the entire retina from the sclera and eyecup, and cut the optic nerve if it is still attached [2-SCOPE].

While gently holding the eyecup with one pair of forceps, carefully make two small incisions on opposite sides of the eyecup [3-SCOPE]. Next, use two pairs of forceps to gently pull apart the eyecup at each of the incisions [4-SCOPE] and separate the retina from the sclera [1-SCOPE]. Slowly lift the entire retina from the sclera and eyecup, and cut the optic nerve if it is still attached [2-SCOPE]. If extracting a photoreceptor degenerated retina like the one shown here, please take care because it is very delicate and can easily be torn during explantation.

2.3.1. Show the procedure described

2.3.2. Show the procedure described

2.3.3. Show the procedure described {Move this step above 2.3.1; Might be included in the footage labeled as 2.3.1 or possibly as 2.3.0} 
2.3.4. Show the procedure described {Move this step above 2.3.1 and after 2.3.3; Might be included in the footage labeled as 2.3.1 or possibly as 2.3.0}

2.4. After that, make longitudinal cuts in the retina to obtain half or quarter sections [1-SCOPE], and then gently spread one retinal section onto a nylon mesh with the ganglion cells facing away from the mesh [2-SCOPE]. Place the mesh and retina onto a perforated multielectrode array with the ganglion cells in contact with the pMEA (pronounce “P-M-E-A”) surface and then place a weight on top of the mesh to keep the retina in place [3-SCOPE-TXT].
2.4.1. Show the procedure described

2.4.2. Show the procedure described

2.4.3. Show the procedure described. Text: pMEA: perforated multielectrode array

3. MEA and data acquisition setup
3.1. In this procedure, under dim red illumination, place pMEA in the MEA amplifier and close the amplifier latches [1-MED-over the shoulder-TXT]. Position the top perfusion outlet inside the pMEA chamber and turn on the top perfusion valve to achieve a perfusion rate of approximately 3 mL per minute [2-CU]. Next, position the top suction inlet at the desired perfusate level, ensure that it is working [3-CU]. 
3.1.1. *Film as written. Text: MEA: multielectrode array
3.1.2. CU the top perfusion outlet as it is positioned inside the pMEA chamber and the top perfusion valve is turned on
3.1.3. CU the suction inlet as it is positioned at the desired perfusate level
3.2. Afterward, open the data acquisition software and click the ‘play’ button to start receiving data [1-MED-over the shoulder]. Ensure that all pMEA channels are noise-free and recording neural signals. If not, reposition the pMEA within the amplifier to obtain better contact between the amplifier pins and the pMEA contacts [2-SCREEN-TXT].
3.2.1. Talent opens the software on the computer monitor and clicks the ‘play’ button
3.2.2. Show that the pMEA channels are noise-free and displaying neural signals. 
3.3. Then, ensure that the bottom perfusion line is clear of any air bubbles [1-CU-TXT]. Turn on the bottom perfusion valve to achieve a perfusion rate of approximately 3 mL per minute to ensure the retina is supplied with oxygen and nutrients [2-MED]. Subsequently, turn on the high-speed camera attached to the inverted optical microscope and open the imaging software [3-MED-over the shoulder-TXT]. 
3.3.1. CU the bottom perfusion line to show that it is clear of any air bubbles. Text: Bottom perfusion valve {with arrow pointing towards the rightmost valve with a tube running through it}
3.3.2. Talent turns on the bottom perfusion valve
3.3.3. Talent turns on the camera and opens the imaging software. Text: 10X magnification, N.A. of 0.45
3.4. Once the bottom perfusion is confirmed to be flowing, slowly ramp up the bottom suction by manually turning the vacuum pressure knob on the vacuum waste kit while observing the retina through the inverted microscope [1-MED]. Once a suction force is observed to act on the retina, cease increasing the suction [2-SCOPE] [2-SCREEN].
3.4.1. Talent turning the vacuum pressure knob on the vacuum waste kit while observing the retina through the inverted microscope
3.4.2. Show that a suction force is observed to act on the retina {Note: the indicated change happens between 0:20 and 0:23 of the screen capture. After 0:23, the suction was released temporarily before being initiated again at 0:37. Perhaps the most useful segment would be between 0:10 to 0:23?}
3.5. After ensuring the retina has been held in place by the bottom suction, take the weight off the retina using forceps and gently remove the nylon mesh using forceps by peeling one corner carefully from the retina [1-CU]. Keep the perfusion running for approximately 30 minutes to allow retina to stabilize from the surgical trauma [2-CU].
3.5.1. CU the retina as the nylon mesh and weight are is removed
3.5.2. CU the retina as it is being perfused 
4. Glutamate stimulation preparation 

4.1. In this step, carefully insert a pre-pulled 10 µm-diameter micropipette or the stainless steel rod connected to the multiport microfluidic device into a standard pipette holder containing a 50 µm-diameter silver/silver chloride wire electrode [1-MED-over the shoulder].

In this step, carefully insert a pre-pulled 10 µm-diameter micropipette into a standard pipette holder containing a 50 µm-diameter silver/silver chloride wire electrode [1-MED-over the shoulder]. If using a multiport microfluidic device instead, insert the stainless steel rod connected to the device into a standard pipette holder without a wire electrode [2-MED-over the shoulder].
4.1.1. Talent inserts a pre-pulled 10 µm-diameter micropipette or the stainless steel rod into a standard pipette holder
4.1.2. Talent inserts the stainless steel rod of the multiport device into a standard pipette holder

4.2. Interface the pipette holder with the patch-clamp headstage and connect the pressure port luer connection of the pipette holder to channel 1 of the pressure injection system, if utilizing a glass micropipette [1-BROLL], or connect the pressure port luer connections of each of the 8 injection ports with channels 1-8 of the pressure injection system, if using the multiport device [2-BROLL]. 
4.2.1. Show a footage of the pipette holder connecting to the patch-clamp headstage, then the pressure port luer, and channel 1 of the  pressure injection system
4.2.2. Show a footage of the pressure port luer connecting  to channels 1-8 of the pressure injection system
4.3. Next, manually turn on the pressure injection system and turn on channel 1 [1-MED-over the shoulder]. Ensure that the system is vented to atmosphere and set the injection pressure to 0.1 psi [2-CU]. 
4.3.1. *Film as written

4.3.2. CU the system as the injection pressure is set to 0.1 psi
4.4. Afterward, turn on the micromanipulator and calibrate it by pressing the ‘Calibrate’ button on the manipulator controller [1-MED-over the shoulder]. Position the micromanipulator so that the micropipette tip is approximately 30 mm above the MEA amplifier [2-CU].  
4.4.1. *Film as written

4.4.2. CU the micromanipulator and the micropipette as they are being positioned
4.5. Then, fill a small petri dish with glutamate solution and place it underneath the micromanipulator [1-MED]. Lower the micropipette tip into the solution [2-CU] and fill the glass micropipette or the multiport device tubing with 10 approximately 20 mm of solution [3-CU]. 
4.5.1. *Film as written

4.5.2. CU the micropipette tip as it is lowered into the solution
4.5.3. CU the glass micropipette or the multiport device tubing as it is filled with the solution.
4.6. Subsequently, lift the micropipette tip or device out of solution, remove the petri dish [1-MED-over the shoulder], and position the micromanipulator above the pMEA chamber [2-CU].
4.6.1. Talent lifts the micropipette tip or device out of solution, and removes the petri dish
4.6.2. CU the micromanipulator as it is positioned above the pMEA chamber
4.7. Using a boom-stand-mounted stereomicroscope, align the micropipette tip or the corners of the device with the reference marks etched into the pMEA chamber ring [1-SCOPE]. Then, store the manipulator positions into the control software using the ‘Store Reference A’ and ‘Store Reference B’ buttons to map the coordinate system of the manipulator with the pMEA electrodes [2-SCREEN]. 

4.7.1. Show that the micropipette tip or the corners of the device are aligned with the reference marks etched into the pMEA chamber ring
4.7.2. Show the procedure described 
4.8. Following that, using the manipulator control software, select a target pMEA electrode with robust spontaneous activity and click the ‘Move to Channel’ button [1-SCREEN] to align the glass micropipette with the target electrode [1-SCREEN][3-CU]. If using the multiport device, align the device microports with target pMEA electrodes with robust spontaneous activity using the same process [2-SCREEN].
4.8.1. Show the procedure described
4.8.2. Show that the device microports are aligned with target pMEA electrodes {Note: This is a bit difficult to show because the alignment takes place at two different focus planes. I included two clips showing this alignment with a change of focus in between and have tried to highlight the target electrodes using green circles. An alternate, though less clear, video has also been included if these two are unacceptable.}
4.8.3. Show the glass micropipette moving towards the target electrode {Move this step to be in between 4.8.1 and 4.8.2} 

5. Retinal recording and stimulus program
5.1. If impedance measurement is available, turn on patch clamp amplifier [1-MED-over the shoulder] and initiate the impedance visualization software by clicking the ‘Start’ button to visualize the impedance of the silver/silver chloride electrode inside the pipette holder [2-SCREEN]. While observing the real-time impedance signals, slowly lower the micropipette or device until it contacts the retinal surface as indicated by a rapid increase in the impedance signal [3-SCREEN].
5.1.1. Talent turns on patch clamp amplifier
5.1.2. Show that the ‘Start’ button s clicked to show the impedance of the silver/silver chloride electrode inside the pipette holder
5.1.3. Show a rapid increase in the impedance signal

5.2. For subsurface stimulation, lower the pipette 20 40 µm further for S334ter-3 retinas or 70 µm for wild-type retinas [1-MED]. Perform a few short duration injections using the pressure injection system [2-MED-over the shoulder] to determine if the cells near the micropipette tip or device microports are receptive to glutamate stimulation by observing the neural signals [2-MED-over the shoulder] [3-SCREEN].
5.2.1. Talent lowering the pipette
5.2.2. Talent performs a few short duration injections using the pressure injection system and observes the neural signals on the monitor. Text: 10-30 ms, 0.1 psi
5.2.3. Screen recording of the neural signals {If possible, include an arrow highlighting the responses (cluster of black vertical lines) that occur in the box labeled 43 at times 0:07, 0:12, 0:15, 0:19, 0:20, 0:24, 0:27, 0:30, 0:34 and 0:37. All ten responses need not be shown but at least one set should be. Perhaps the segment from 0:08-0:22?} 

5.3. Now, orient the green LED toward the top surface of the retina [1-MED-over the shoulder] [1-SCREEN]. Begin recording using the data acquisition software by typing the filename and clicking the “record” button [2-SCREEN] [2-MED-over the shoulder].
5.3.1. Show the procedure described

5.3.2. Talent types the filename and clicks the “record” button on the computer monitor
5.4. Once recording has started, open the stimulus control program and load the default stimulus file by clicking the “Read Stimulus File” button [1-SCREEN]. Next, click on the “Run Stimulus File” button to initiate the default stimulus file [2-SCREEN] consisting of the stimuli and data acquisition protocol [2-SCREEN] and begin the visual and chemical stimulation protocols [3-CU].
5.4.1. Show the procedure described

5.4.2. Show the procedure described

5.4.3. Show the green LED blinking as part of the visual stimulation protocol

5.5. After the stimulus file has been completed, stop the recording to save the file for future spike sorting and data analysis [1-SCREEN].
5.5.1. Show the procedure described
6. Results: Electrode recordings of neural activity during visual, spontaneous, and glutamate injection recordings 
6.1. Here are the representative recordings from nine pMEA electrodes showing the high-pass filtered electrode data during visual light stimulation with a green LED where each rectangle shows the neural data from a unique electrode [1-LM]. Each electrode recording illustrates data collected in the first second after turning on the green LED [2-LM]. Spikes were identified using a threshold voltage of -18 µV [3-LM]. Visual stimulation caused a burst of spikes in all electrodes except the top center one, which possessed an inhibitory response to light [4-LM]. 
6.1.1. Figure 9A-01.png: Show the figure
6.1.2. Figure 9A-01.png: Add orange arrowheads in each plot
6.1.3. Figure 9A-01.png: Add horizontal red line in each electrode plot
6.1.4. Figure 9A-01.png: Add the texts “Visual spike burst”, “Spike inhibition”, “Spike”, and the red arrows

6.2. A similar plot for the same electrodes showing spontaneous neural activity without visual or injection stimulation [1-LM]. Although smaller bursts were present, the patterns of spikes were very different from those recorded in response to visual stimulation [2-LM]. 
6.2.1. Figure 9B-02.png: Show the figure
6.2.2. Figure 9B-02.png: Add text “Spontaneous spike burst” and red arrow head
6.3. Here are the representative recordings from the same subset of electrodes recorded immediately after a glutamate injection at the central electrode [1-LM]. The injected glutamate elicited a burst of spikes in the central electrode that was very similar to the visually-evoked spike bursts [2-LM]. All other electrodes were unaffected by the glutamate injection, which demonstrates the fine spatial resolution of the chemical stimulation technique [3-LM].
6.3.1. Figure 9C-03.png: Show the figure
6.3.2. Figure 9C-03.png: Add orange arrowheads
6.3.3. Figure 9C-03.png: Add text “Glutamate spike burst” and red arrow
7. Conclusion (said by authors on camera)

7.1. Corey Rountree: Once mastered, this technique can be done in 4-6 hours if it is performed properly.

7.2. Corey Rountree: While attempting this procedure, it’s important to remember to monitor the perfusion to ensure the retina is continuously supplied with oxygen and nutrients throughout the entire experiment.

7.3. Corey Rountree: This technique could pave the way for researchers in the field of artificial vision and visual prosthesis development to explore chemical-based neuromodulation for treating blindness from photoreceptor degenerative diseases.

7.4. Corey Rountree: After watching this video, you should have a good understanding of how to accomplish neuromodulation of retinal neurons using neurotransmitters.

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.

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.

�This is not strictly necessary if time is a factor but I felt it would be good to indicate the specific type of retina being operated upon. 
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