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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)_____N____  (If you can record images/videos using your own camera/software, then mark 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)____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 using the step numbers listed in this document. ___________3.1.9 – 3.1.12, 4.1.6
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document.___ 3.1.11 – to ensure effective go-responses, we control foot shock strength and escape latencies (see other steps in the protocol)_________________________
E.  Will the filming need to take place in multiple locations? (Y/N) ___N____ If yes, how far apart are the locations? ___________________________________________________
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):
Conceptual Narrative:
The overall goal of the following experiment is to assess and manipulate neural mass action and neurodynamics during learning.  (Intro –Title slide)
This is achieved by first implanting multielectrode arrays that allow site-specific, simultaneous stimulation and recording of neuronal activity in the auditory cortex (C1. I think that we just need the lower panel of C1 here. The stimulation array can move to ‘fit into’ the lines demarking S1 and S2 and then the recoding array can move into the red holes on the side). 
As a second step, implanted animals are trained in a two-compartment shuttle-box in a go/no-go paradigm, while recording the ongoing neuronal activity in the auditory cortex and using intracortical microstimulation for conditioning (C2. Show the image of the gerbil in the shuttle-box and then switch to the two images on the right when “in a go/no-go pardigm” is narrated).   

Next, analysis of the learning behavior and learning-related spatiotemporal activity patterns are performed on a trial-by-trial basis offline (C3. Show figure). 
The results show how site-specific cortical microstimulation can be used to evoke spatiotemporal activity patterns that allow characterizing internal subjective cognitive states. Thereby this method establishes links between cortical circuit activity patterns and observed behavioral states of learning and perception (C4. Run the video 53002_Happel_Shuttlebox behavior ICMS_Nogo (4).avi)
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Within this figure we could also implement the provided video showing the
mass activity dynamics (see 53002_Happel_Shuttlebox behavior ICMS_Nogo (4) )





B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Frank Ohl: The implications of this technique extend towards a neuroprosthetic replacement of lost sensory functions.  

1.2. Max Happel: This method can also be applied to other rodent species, such as rats and mice.

1.3. Matthias Deliano: Generally, individuals new to this method will struggle because experience and well developed standards in the handling and training of animals are required to obtain interpretable results from the learning experiments.
Protocol (read by voice talent at JoVE):
2. In-Vivo Electrophysiological Recordings in Learning Animals
2.1. First, stimulatory multichannel electrode arrays are prepared [2.1.1-CU] and then surgically implanted into the auditory cortex according to the instructions in the written portion of the protocol [2.1.2-CU]. The rest of the procedure commences only after the animals have fully recovered from surgery [2.1.3-MED]. 

2.1.1. A stimulatory electrode is shown to camera. 

2.1.2. Shot of the head of a gerbil that has an implanted electrode. The recording array is not yet connected. 

2.1.3. A gerbil or a cage of gerbils (depending on whether they are group housed after surgery) with implants moving about the cage happily to demonstrate that the animals are in rude health after recovering from surgery. 
2.2. Epidural surface arrays are made from stainless steel wire arranged in a 3 by 6 matrix with an inter-electrode distance of around 600 microns [2.2.1-CU].
2.2.1. An epidermal surface array is shown to camera. 
2.3. Plug the head connectors into the headstage amplifier [2.3.1-MED]. Use a harness of thin, flexible cables wrapped by a metal mesh to protect the connection from damage by biting animals [2.3.2-CU]. 

2.3.1. *film as written. 

2.3.2. Show the detail of the cable. 
2.4. Use a preamplifier in the shielded box to increase signal-to-noise ratio and band-pass filter the signal in the desired frequency range [2.4.1-MED].
2.4.1. Talent connects the recording set up to Broll of the preamplifier. 
2.5. For local field potential recordings sample data at more than 1 kHz sampling frequency with a 2 to 300 Hertz filter [2.5.1-SCREEN]. 

2.5.1. Show the settings required to sample local field potential recordings at 1 kHz using a 2 to 300 Hz filter. 

2.6. For action potential recordings, use a sampling frequency of at least 40 kHz and a 300-4000 Hertz filter [2.6.1-SCREEN] 

2.6.1. Show the settings required to sample action potential recordings at 40 kHz using a 300-4000 Hz filter. 

2.7. [moved to 3.2] Carefully check the quality of the recording before the start of training [2.7.1-MED- over the shoulder]. Apply an online fast-Fourier transform-filter to the signal to determine the amplitude of 50 Hz noise [2.7.2-SCREEN]. 
2.7.1. [moved to 3.2] Talent inspects the quality of the signal. 
2.7.2. [moved to 3.2] The FFT is applied to the signal. 

2.8. [moved to 3.2] Finally, double-check all connections between the head connector, the adaptors, the headstages, the cable harness, and the amplifiers [2.8.1-MED]. 
2.8.1. [moved to 3.2] Talent checking the connections. 

3. Two-Way Shuttle-Box Avoidance Using Intracortical Microstimulation as the Conditioned Stimulus 
3.1. To begin the behavioral test, use a shuttle-box in an acoustically and electrically shielded chamber [3.3.1-MED]. The box contains two compartments separated by a hurdle [3.3.2-CU]. Use hurdle heights appropriate for specific species as the height of the hurdle influences the behavioral bias of the response [3.3.3-CU-TXT]. 

3.1.1. *film as written. 

3.1.2. CU of interior of box with the hurdle in shot. 

3.1.3. CU of interior of box with the hurdle in shot as before. Video Editor: please add two vertical arrows and the text “3 cm” next to the hurdle. TEXT (underneath): ~2 cm for mice, ~3 cm for gerbils 
3.2. After connecting the animal to be tested to the recording and stimulation cable [3.2.1-CU], gently place the animal in the training chamber [3.2.2-MED] and allow it to habituate for three minutes before the start of a session [3.2.3-MED]. Record all compartment changes in the habituation phase [3.2.4-MED – over the shoulder LAB MEDIA]. Carefully check the quality of the recording before the start of training [2.7.1-MED- over the shoulder]. Apply an online fast-Fourier transform-filter to the signal to determine the amplitude of 50 Hz noise [2.7.2-SCREEN]. Finally, double-check all connections between the head connector, the adaptors, the headstages, the cable harness, and the amplifiers [2.8.1-MED]. 

3.2.1. Talent holding the gerbil with the cables connected prior to placement in the chamber. 

3.2.2. *film as written. 

3.2.3. Footage of the animal habituating to chamber i.e. sniffing around and ideally changing compartment. 

3.2.4. Talent recording compartment changes on notepad/tablet or computer (whichever is usually used).LabMedia: habitation phase recordings 
2.7.1 [moved] Talent inspects the quality of the signal.

2.7.2 [moved] The FFT is applied to the signal. 

2.8.1. [moved] Talent checking the connections.

3.3. Use a multichannel stimulator to deliver intracortical microstimulation to the stimulation electrodes for conditioned stimulation [3.3.1-MED-TXT].

3.3.1. Shot of the multichannel stimulator in action. TEXT: See the written portion of the protocol for details. 
3.4. Deliver the conditioned stimulus, and then deliver the foot-shock unconditioned stimulus through the grid floor [3.4.1-MED-TXT]. 

3.4.1. Gerbil in the shuttle box. The conditioned stimulus is delivered and the gerbil moves to the other side of the box. Video Editor please add white vertical bars to indicate the delivery of the stimulus to the cortex in a similar manner to that shown in the video ‘53002_Happel_Shuttlebox behavior ICMS_Nogo (1).avi’ when “deliver the conditioned stimulus” is narrated. TEXT: Ensure proper grounding of the grid floor prior to the experiment. 
3.5. Ensure that the strength of the shock delivered is aversive but not painful, as seen here [3.5.1-CU]. 
3.5.1. A foot shock is delivered the gerbil moves out of shot. The gerbil does not freeze or vocalize. 
3.6. MAX HAPPEL: Present blank trials without conditioned stimulus and unconditioned stimulus interspersed between the test trials to correct for biased shuttle behavior. [3.6.1-MED].

3.6.1. Author to camera. 
3.7. Classify a compartment change after the conditioned stimuli onset within a critical time window of 4 seconds as a hit response [3.7.1-LM]. 
3.7.1. 53002_Happel_Figure3_panelA3 (behavioral outcomes) Authors – please submit this panel as a stand-alone image. Video Editor – Please highlight ‘CS+’ and ‘CR’ and ‘hit’ on the top line. 
3.8. If a conditioned reaction does not occur in response to the conditioned stimulus within the critical time window [3.8.1-MED], classify this as a miss [3.8.2-LM] and immediately deliver a mild foot shock for 6 to 10 seconds as unconditioned stimulus [3.8.3-MED].  

3.8.1. The conditioned stimulus is ‘delivered’ (for video purposes it doesn’t have to be delivered as we can’t see it) but the gerbil doesn’t move. Video Editor please add white vertical bars to indicate the delivery of the stimulus as before. 

3.8.2. 53002_Happel_Figure3_panelA3 (behavioral outcomes).

3.8.3. Gerbil is getting a mild shock Video Editor – Please highlight ‘CS+’ and ‘no CR’ and ‘miss’ on the second line

3.8.4. Gerbil receives foot shock. 
3.9. For conditioned-stimulus-negative trials, a compartment change within the critical time window [3.9.1-MED] is classified as a false alarm response [3.9.2-LM]. Apply the unconditioned stimulus for up to 10 seconds immediately after this inappropriate conditioned response [3.9.3-MED – over the shoulder]. 

3.9.1. Gerbil starts in one compartment (Video Editor please add white vertical bars with a red ‘X’ on top of them to indicate non-delivery of the conditioned stimulus) and then jumps into the other compartment. 

3.9.2. 53002_Happel_Figure3_panelA3 (behavioral outcomes). Video Editor – Please highlight ‘CS-’ and ‘CR’ and ‘false alarm’ on the third line
3.9.3.  Talent applies the unconditioned stimulus.  
3.10. Do not apply the foot-shock unconditioned stimulus after conditioned-stimulus-negative trials when the animal stays in the compartment during the critical time window [3.10.1-MED]. Classify this as correct rejection [3.10.2-LM]. 

3.10.1. Gerbil is in one compartment and just stays there (Video Editor please add white vertical bars with a red ‘X’ on top of them to indicate non-delivery of the conditioned stimulus) 

3.10.2. 53002_Happel_Figure3_panelA3 (behavioral outcomes). Video Editor – Please highlight ‘CS-’ and ‘no CR’ and ‘correct rejection on the bottom line. 
3.11. After the whole experiment is complete, control for the stable position of the stimulation electrode array providing surgical anesthesia [3.11.1-MED] and then applying monopolar cathodic current [3.11.2-CU-TXT] delivered through all stimulation channels to obtain iron deposits in the tissue at the position of implantation [3.11.3-LM]. 
3.11.1. Talent places the anesthetized (non-reactive) rodent on a flat surface. 

3.11.2. Shot of the output reading as Talent applies the current. TEXT: 30 µA for 60 s. 
3.11.3. 53002_Happel_Figure2. Video Editor – please show a close up of the two green circles labeled ‘S1’ and ‘S2’. Authors – if you have a better image to illustrate the iron deposits then please provide it. 
4. Analysis of Shuttle-Box Data
4.1. Carefully determine the escape latencies [4.1.1- SCREEN LAB MEDIA]. Increase foot shock strength step-by-step if escape latencies are longer than 2 seconds after the first 20 trials [4.1.2- MED – over the shoulder SCREEN].

4.1.1. A relevant example pattern of escape latency data is seen. 
4.1.2. SCREEN: Talent increases foot shock strength.  

4.2. To analyze the training data, calculate conditioned reaction rates for conditioned-stimulus-positive and conditioned-stimulus-negative trials as shown on screen [4.2.1-TXT]
4.2.1. Text appears on screen against white background. TEXT line 1: hit rates = hits / number of CS+ trials. TEXT line 2: false alarm rates = false alarms / number of CS- trials. 

4.3. Plot conditioned reaction rates as a function of session or trial block for evaluating the training progress and learning dynamics [4.3.1-LM]. 

4.3.1. 53002_Happel_Figure 3B. 
4.4. Finally, perform d’ (pronounced “dee-prime”) analysis according to the instructions in the written portion of the protocol. A sensitivity index with d’ of more than one can be used as threshold criterion for successful discrimination [4.4.1-LM]. 
4.4.1. 53002_Happel_Figure3C. 
5. Results: Response Latencies and Parallel Electrophysiological Recording in a Learning Animal. 
5.1. Response latencies during conditioned-stimuli-positive trials are plotted here for individual trials over all training sessions. All responses with latencies below 6 seconds correspond to successful hit responses [5.1.1-LM]. 

5.1.1. 53002_Happel Figure 3. Panel E without the histogram. Video Editor - If possible draw a horizontal line at the 6 second marker to show the cut off point.  
5.2. Histograms of response latencies are bimodal corresponding to hit responses at less than 6 seconds and escape responses at 6 to 8 seconds [5.2.1-LM]. 
5.2.1. 53002_Happel Figure 3. Panel E plus the histogram. 
5.3. This is a typical example of an electrically evoked potential, or EEP, from a single animal averaged across conditioned stimulus positive trials in a single session of training. The EEP is shown before the removal of single pulse stimulus artifacts in black and after the removal of artifacts in red. The early prominent negative peak, known as N20, can be seen at a latency of 20 milliseconds. 

5.3.1. 53002_Happel Figure 4. Panel A. Video Editor - Begin with the black trace. Add the red trace when “and after the removal…” is narrated and the N20 label when “The early prominent…” is narrated. 

5.4. This figure shows further analysis of the spatial distributions of the N20 amplitude in response to a positive conditioned stimulus at the rostral stimulation electrode in the top panel, and to a negative conditioned stimulus at the caudal stimulation electrode in the bottom panel. This reveals the spatial resolution of evoked states throughout the auditory cortex. 

5.4.1. LAB MEDIA: Figure 4. Panel B. Video editor – please highlight ‘CS+’ when “positive conditioned stimulus” is narrated and ‘CS-‘ when “and to a negative…” is narrated. TEXT: This figure has been modified from Deliano et al., 2009.
6. Conclusion (said by authors on camera)
6.1. Matthias Deliano: While attempting this procedure, it’s important to remember that the grounding of the grid floor is critical to obtain high-quality electrophysiological recordings, as well as a proper delivery of electrical stimulation.

6.2. Max Happel: Following this procedure, other methods like optogenetic and pharmacological manipulations of brain functions can be performed in order to investigate the role of specific cell types and transmitter systems in the cortical circuitry during perception and learning.

6.3. Frank Ohl: This technique paves the way for researchers in the field to move from a mere correlative to a causal description of the role of neural activity patterns in perception and learning.
Provided Media
4.3 –  53002_Happel_Figure3b.pdf -  color imaging panel 3B 

4.4 –  53002_Happel_Figure3C.pdf -  color image of panel 3C 
5.2 –  53002_Happel_Figure3E.pdf -  color image of panel 3E 
5.1 –  53002_Happel_Figure3E_part1.pdf -  color image of first part 
5.2 –  53002_Happel_Figure3E_histo.pdf -  color image of the histogram part
5.3 –  53002_Happel_Figure4A.pdf -  color image of panel 4A 
4.3 –  53002_Happel_Figure3B.pdf -  color image of panel 4B 
1.1 –  53002_Happel_Graphical illustration for intro.pdf -  color image of several layered items that might be used for the introductory illustration

53002_Happel_Shuttle box behavior ICMS_Go.avi  -  movie illustrating the Go response of an animal
53002_Happel_Shuttle box behavior ICMS_Nogo.avi  -  movie illustrating the Nogo response of an animal
53002_Happel_Spatiotemporal ECoG pattern Gamma Power_CSgo.avi  -  movie illustrating the neurodynamic pattern associated with a go response
53002_Happel_Spatiotemporal ECoG pattern Gamma Power_CSnogo.avi  -  movie illustrating the neurodynamic pattern associated with a nogo response
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.
 2013, Journal of Visualized Experiments


