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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: ______Leica S4E (with external light source) 

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__Y______ 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 steps by their protocol numbers. Please do not list entire sections of the protocol. If your protocol contains highlighting, make sure these steps are highlighted. 
3.2,3.3, 4.3,4.5
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 to be filmed by their protocol numbers. (Please do not list an entire section.) 
3.2, 3.3
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 pressure injection procedure is to reliably manipulate the direct vicinity of the recording site pharmacologically. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Cliodhna Quigley: This method can help answer key questions in the field of cognitive neuroscience, such as showing specific contributions of neurotransmitters to the top-down modulation of feed-forward cortical information processing.
1.2. Vera Veith: The main advantage of this technique is that we are able to reliably manipulate the direct surrounding of the recoding electrode for a defined time period with a wide selection of agonists and antagonists.   

E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.9. Procedures involving animal subjects were conducted in accordance with German laws governing animal care and approved by the district government of Braunschweig, Lower Saxony. 
Protocol (read by voice talent at JoVE):

2. Overview of the injection process

2.1. The modulation of feed-forward cortical information processing is functionally important for many cognitive processes, including the top-down modulation of sensory information processing by attention [2.1.1-LM].
2.1.1. 310815_fullmovie_small (0-00:05)
2.2. The rhesus monkey is a well-suited animal model to investigate the involvement of neurotransmitter systems in such modulations [2.2.1-LM].  
2.2.1. 310815_fullmovie_small (00:06-00:14)

2.3. While the animal is performing a cognitive task, single-cell recordings combined with local and temporary neuropharmacological manipulation are conducted [2.3.1-LM].  

2.3.1. 310815_fullmovie_small (00:15-00:22)

2.4. The system described here can provide stable measurement of single neuron activity with and without pharmacological injections in the direct vicinity of the recording site in an awake, behaving monkey [2.4.1-LM].
2.4.1. 310815_fullmovie_small (00:23-00:34)

3. Preparing the injection/recording system
3.1. To begin this procedure, clean the guide tubes of the recording system by dipping the cleaning wires in sterile silicon oil [3.1.1-MED-over the shoulder] and feeding them through the individual guide tubes several times [3.1.2-CU].  Subsequently, insert the quartz glass micropipette into a guide tube of the recording system [3.1.3-CU]. 
3.1.1. Talent dips a cleaning wire in silicon oil

3.1.2. CU the wire as it is fed through a guide tube

3.1.3. CU the quartz glass micropipette as it is inserted into the guide tube
3.2. After fixing the micropipette in the recording system [3.2.2-MED-over the shoulder], attach the sterile tube to the metal pin of the micropipette [3.2.1-MED-over the shoulder]. Take care not to break the micropipette by using two sterile tweezers to apply equal pressure on the pin and tube [3.2.2-CU].
3.2.1. *Filmed as written 
3.2.2. CU Nylon thread of micropipette is wound onto spool of system, fixing the micropipette into the recording system
3.2.3. CU the micropipette as two sterile tweezers are used to apply equal pressure on the pin and tube

3.3. Then, use super glue to seal the junction between the tube and the micropipette [3.3.1-MED-over the shoulder].  Wait at least 3 hours for the glue to harden before filling the micropipette with liquid [3.3.2-CU].  After the micropipette insertion, insert the microelectrodes into other positions of the recording system.
3.3.1. *Film as written

3.3.2. CU the tube and micropipette as they are glued together
3.3.3. CU the recording system as the microelectrodes are inserted into it.

4. Daily preparation of the injection/recording system 

4.1. Before each recording, collect a tube of the substance to be injected and allow it to reach room temperature if refrigerated [4.1.1-MED].  Next, apply sterile silicon oil to the guide tube gap and the tips of electrodes and micropipette in order to lubricate the system for smooth movement [4.1.2-CU].
4.1.1. Talent takes a tube of substance from the refrigerator
4.1.2. CU the silicon oil as it is applied to guide tube gap and the tips of electrodes and micropipette
4.2. Then, check the tips of the electrodes and micropipette using a microscope to ensure they are intact [4.2.1-MED].  Align the electrodes and the micropipette so that they extend out of the guide tubes at the same length [4.2.2-SCOPE].  To position the electrodes and the micropipette at Zero position, drive them into the guide tubes until they are no longer visible [4.2.3-SCOPE/CU].  Subsequently, set the depth of the electrodes and the micropipette to 0 in the software [4.2.4-MED-over the shoulder]. 
4.2.1. Talent places an electrode under the microscope 

4.2.2. A SCOPE movie to show that the electrodes and the micropipette are aligned and extend out of the guide tubes at the same length
4.2.3. *Film as written
4.2.4. Talent sets the depth of the electrodes and the micropipette to 0 on the computer screen
4.3. Next, fill a sterile syringe with sterile saline [4.3.1-MED-over the shoulder] and insert the needle into the tube, taking care not to pierce the wall [4.3.2-CU].  Drive the micropipette out of the guide tube for visual control of the substance flow [4.3.3-CU]. 
4.3.1. *Film as written
4.3.2. CU the needle as it is inserted into the tube
4.3.3. CU the guide tube as the micropipette is driven out
4.4. Then, flush at least 2 mL of sterile saline through the tube and micropipette to ensure no air remains in the syringe or in the tube [4.4.1-MED-over the shoulder].  Do not apply too much pressure to the plunger of the syringe and ensure the junction between the tube and micropipette is sealed [4.4.2-CU]. 
4.4.1. *Film as written
4.4.2. CU the junction between the tube and micropipette as saline is flushed through
4.5. After that, fill a new sterile syringe with the solution to be injected [4.5.1-MED].  Exchange it with the saline syringe barrel and make sure that no air is transferred into the system [4.5.2-CU].  In order to completely remove saline from the tube, flush the system with 250 μL of the solution to be injected [4.5.3-CU].
4.5.1. *Film as written
4.5.2. *Film as written
4.5.3. CU the system as it is flushed with 250 μL of the solution to be injected (take 1 is at end of 4.5.2 shot, take 2 is separate)
4.6. Now, using the motor control software, retract the electrodes and micropipette into the guide tubes to a depth of at least -500 µm [4.6.1-MED-over the shoulder].  Then, lower the guide tube ring to the bottom of the guide tubes to maintain their fixed relative position [4.6.2-CU]. 
4.6.1. *Film as written
4.6.2. CU the guide tube ring as it is lowered to the bottom of the guide tubes
4.7. Clean the base of the system with ethanol, in particular where it will touch the monkey’s recording chamber [4.7.1-MED-over the shoulder].  Then, close the recording system by replacing the front cover and tightening the screws [4.7.2-MED-over the shoulder].
4.7.1. *Film as written
4.7.2. *Film as written
5. Acute recordings
5.1. In this procedure, set the x-y position of the recording system to define the point at which the guide tubes reach the dura within the chronically implanted recording chamber [5.1.1-MED-over the shoulder].  Make sure the guide tubes are retracted completely [5.1.2-CU].
5.1.1. Talent sets the x-y position manually
5.1.2. CU the guide tubes as they are retracted
5.2. Next, bring the recording system into position [5.2.1-MED-over the shoulder] and place the syringe in the microinjection pump [5.2.2-MED-over the shoulder].  Slide the movable part of the pump until it is firmly in place behind the plunger of the syringe [5.2.3-CU]. If a drop of substance is visible at the tip of the guide tubes, carefully remove it using a sterile cotton bud [5.2.4-CU]. 
5.2.1. *Film as written
5.2.2. *Film as written
5.2.3. *Film as written
5.2.4. CU the tip of the guide tubes as a drop of substance is removed
5.3. Then, securely mount the recording system on the monkey’s recording chamber [5.3.1-MED].  Slowly lower the guide tubes into the recording chamber until it reaches the dura [5.3.2-CU].  
5.3.1. *Film as written
5.3.2. CU the guide tubes as they are lowered into the recording chamber
5.4. Next, drive the electrodes using the motor control software [5.4.1-MED-over the shoulder]. Check the impedance of the electrodes regularly at different depths [5.4.2-CU].  After the electrodes have successfully penetrated the dura, advance the micropipette [5.4.3-CU SCREEN]. 
5.4.1. Talent drives the electrodes using software on the computer screen 

5.4.2. CU the motor control unit as it shows the impedance change

5.4.3. CU SCREEN the micropipette as it is advanced 
5.5. Drive the electrodes and the micropipette to the depth of the area of interest [5.5.1- CU SCREEN].  Then, slowly drive the electrodes and micropipette until an electrode is close enough to record the activity of a single unit with good signal-to-noise ratio, and keep in mind to position the recording electrode and the micropipette at the same depth, ensuring minimum distance between them [5.5.2- CU SCREEN].  
5.5.1. CU SCREEN the electrodes and the micropipette as they are driven to the depth of the area of interest 
5.5.2 CU SCREEN the electrodes and   micropipette as they are further advanced one by one moved together  
6. Pharmacological manipulation while recording
6.1. During an injection block, inject a predefined amount of the substance at regular intervals by defining the injection volume using the step function [6.1.1-MED-over the shoulder]. Then, press the injection button every minute according to the clock of the recording software [6.1.2-MED-TXT].  Record the time and the trial during which the substance is injected, the depth of the electrodes and micropipette, as well as the amount of ejected substance [6.1.3-CU].
6.1.1. Talent enters the velocity and volume on the computer screen
6.1.2. Talent presses the injection button.  Text: Avoid advancing the electrodes and micropipette during the injection block. [Comment: see 5.7.1 in the manuscript for a more detailed explanation. We find the previous text too restrictive.]
6.1.3. CU a printed form as talent fills in the information
6.2. Follow the injection block with a recovery block, in which no substance is injected. [6.2.1-SCREEN MED -TXT].  Monitor and maintain the recording quality of the selected single units until the end of the recovery block [6.2.2-SCREEN MED].
6.2.1. To be submitted by authors. A screen movie to show a recovery block is programmed after the injection block. Text: Recovery block duration is substance specific and defined in pre-tests   Replaced with illustration shot
6.2.2. To be submitted by authors. A screen movie to show the recording of the single units Replaced with illustration shot
6.3. After recording, retract the electrodes and micropipette into the guide tubes, and then manually retract the guide tubes [6.3.1-CU].  Next, remove the recording system from the recording chamber of the monkey [6.3.2-MED].  Then, release the syringe from the injection pump and transfer the system to the preparation area for cleaning [6.3.3-MED].
6.3.1. CU the guide tubes as they are retracted
6.3.2. *Film as written 
6.3.3. Talent releases the syringe from the injection pump
7. Results:  Effect of scopolamine and saline on firing rate
7.1. This figure shows the effect of scopolamine on the average firing rate of the sample neuron in each of the three attentional conditions [7.1.1-LM].  The neuron's firing rate for the two spatial attention conditions as well as for the sensory condition [7.1.2-LM] dropped shortly after the first injection of the injection block [7.1.3-LM] and during the recovery block increased after a delay to the same level as before the injection [7.1.4-LM]. 

7.1.1. F4_injectionExperiment_A.pdf: Show graph (without texts “Control”, “antagonist injection”, “recovery”)
7.1.2. F4_injectionExperiment_A.pdf: Add text “Control”

7.1.3. F4_injectionExperiment_A.pdf: Add text “antagonist injection”

7.1.4. F4_injectionExperiment_A.pdf: Add text “recovery”
7.2. This figure shows the control recording from a second sample neuron in which saline was injected using the same protocol as for the scopolamine injection [7.2.1-LM].  During the injection block, no change in the neuron's firing rate was observed compared to the control block [7.2.2-LM].
7.2.1. F4_injectionExperiment_B.pdf: Show graph

7.2.2. F4_injectionExperiment_B.pdf: Add gray rectangle (shaded area) 
8. Conclusion (said by authors on camera)

8.1. Vera Veith: Here, we have illustrated in detail how to perform reliable, precise injections and high quality single-cell recordings with an “off-the-shelf” pressure injection system.
8.2. Cliodhna Quigley: We hope that this method will inspire other scientists to investigate      neuromodulatory contributions to the dynamics of neuronal activity.   We hope that this method inspires other scientists to investigate neuromodulatory contributions to the dynamics of neuronal activity.   

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.
310815_fullmovie_small
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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