Submission ID #: 53566
Editor Name: Petti Pang
Videographer name: Francois Saikaly
Film Date: Nov 5, 2015 

Authors and Affiliations: 

Lee, Sungmoo

Department of Transdisciplinary Studies, 

Graduate School of Convergence Science and Technology

Seoul National University

Seoul, Republic of Korea

Center for Functional Connectomics

Korea Institute of Science and Technology

Seoul, Republic of Korea

smoolee85@snu.ac.kr 

Piao, Hong Hua

Center for Functional Connectomics

Korea Institute of Science and Technology

Seoul, Republic of Korea

shuting0307@gmail.com 

Sepheri-Rad, Masoud

Center for Functional Connectomics

Korea Institute of Science and Technology

Seoul, Republic of Korea

masoud.alahverdi@gmail.com 

Jung, Arong

Center for Functional Connectomics

Korea Institute of Science and Technology

Seoul, Republic of Korea

College of Life Sciences and Biotechnology

Korea University

Seoul, Republic of Korea

ilong3346@gmail.com 

Sung, Uhna

Center for Functional Connectomics

Korea Institute of Science and Technology

Seoul, Republic of Korea

uhna.sung@gmail.com 

Song, Yoon-Kyu

Department of Transdisciplinary Studies

Graduate School of Convergence Science and Technology

Seoul National University

Seoul, Republic of Korea

Advanced Institutes of Convergence Technology

Suwon, Republic of Korea

songyk@snu.ac.kr 

Baker, Bradley J. *

Center for Functional Connectomics

Korea Institute of Science and Technology

Seoul, Republic of Korea

bradley.baker19@gmail.com 

Title: Imaging membrane potential with two types of genetically encoded fluorescent voltage sensors
Corresponding Author: Bradley J. Baker
Co-authors:  Sungmoo Lee, Hong Hua Piao, Masoud Sepheri-Rad, Arong Jung, Uhna Sung, Yoon-Kyu Song 
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)____yes____ 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. 

 2.1, 2.4, 2.5, 2.8, 2.9, 3.3 and 3.4 
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.)
- Detecting optical signal from the cell, and manipulating image splitter
E.  Will the filming need to take place in multiple locations? (Y/N) ___N____ If yes, how far apart are the locations? 
- It’s ‘No’ unless you would like to videotape the cell culture procedure but the cell culture room is located very close to the patching rig anyway. (about 10 meter walk)
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 optically report the membrane potential changes with a genetically encoded voltage indicator. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Brad: This method will demonstrate the strengths and weaknesses of various genetically encoded fluorescent probes. For instance, FRET probes offer ratiometric images but result in a smaller optical signal. 
1.1.1. For Take 1,2,3, ‘shot’ was used instead of ‘take’ for the slating. 
1.2. Sungmoo: The main advantage of this technique is that we can visualize the neuronal activity in real time.
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Arong: Generally, individuals new to this method will struggle because the signal to noise ratio is not very large, and there are several sources of noise and multiple steps that can go wrong. New users are often confused with any fluorescence changes as the real signals. 
1.3.1. Arong: Generally, individuals new to this method will struggle because the signal to noise ratio is not very large, and there are several sources of noise and multiple steps that can go wrong. New users often confuse any fluorescence changes as the real signals. 

1.4. Masoud: Visual demonstration of this method is critical to ascertain the validity of the probes being used and what it actually indicates. 
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 Korea Institute of Science and Technology.
Protocol (read by voice talent at JoVE):

2. Voltage imaging protocol 

2.1. For the setup, an image splitter is installed between the slow and fast CCD cameras for the imaging of FRET-based GEVI [2.1.1-MED-over the shoulder-TXT].  Before the experiment, insert a filter cube with a dichroic mirror and two emission filters in the image splitter [2.1.2-MED-over the shoulder].  Remove this second filter cube when imaging a GEVI with a single fluorescent protein [2.1.3-CU].

2.1.1. Talent shows the pre-installed image splitter, Text: FRET: Förster resonance energy transfer; GEVI: Genetically encoded voltage indicator
2.1.2. *Film as written
2.1.2a : was taken as a wider version of 2.1.2
2.1.3. CU the second filter as it is removed

2.2. To begin the experiment, locate a healthy HEK 293 cell [2.2.1-MED-over the shoulder] that shows strong localized membrane fluorescence compared to the internal fluorescence, and avoid patching circular cells as they are either dividing or dying [2.2.2-CU].  Then, apply a test pulse to check the current response [2.2.3-MED-over the shoulder-TXT]. 
2.2.1. Talent places the sample under the microscope
2.2.2. CU a healthy HEK 293 cell or CU the monitor if the cell is shown on the monitor 
For slating, second ‘Shot 2.2.1 / take 1’ is actually 2.2.2.
2.2.3. Talent gives the test pulse and observes the current response on the monitor. Text: Text pulse: 5 mV for 5 msec
Take 1 is better.
2.3. Afterward, lower the patch clamp pipette to right above the cell surface [2.3.1-CU].  Then, slowly lower the pipette until it gently touches the cell membrane [2.3.2-ECU/CU].  The membrane resistance should increase to 1-2MΩ [2.3.3-CU]. 

2.3.1. CU the pipette as it is lowered
2.3.1a was also taken as a wider version showing the pipette approaches to the sample (the cell). 

2.3.2. ECU the pipette as it is lowered and touches the cell membrane, or CU the monitor to show the pipette being lowered and touches the cell membrane if the pipette is shown on the monitor

2.3.3. CU the oscilloscope to show the increase of membrane resistance to 1-2MΩ
Take 2 is better but please cut first 15 seconds of it as they are not necessary.
2.4. After that, establish a giga-ohm seal by gently applying negative pressure through the pipette [2.4.1-MED].  Once a giga-ohm seal is achieved, set the pipette potential at a desired holding potential [2.4.2-MED-over the shoulder].  Next, focus the high speed CCD camera on the cell body [2.4.3-MED-over the shoulder].  
2.4.1. Talent applies negative pressure gently

2.4.2. *Film as written
2.4.3. Talent focuses the camera on the cell body and also capture the cell body on the monitor if it is shown on the computer screen

2.4.3a was taken as a CU version of 2.4.3.
2.5. For the FRET-based GEVI recording, adjust the size of the split images to result in an evenly spaced view for each emission wavelength using the knobs on the image splitter [2.5.1-MED-over the shoulder].  Then, rupture the cell membrane by applying negative pressure in order to form the whole-cell configuration [2.5.2-MED-over the shoulder]
2.5.1. *Film as written
2.5.2. Talent pointing at the screen that shows the whole-cell configuration being formed  
For 2.5.2, we had to hurry due to the time constraint of the step.

2.5.2a was taken as a CU version and it seems to be better than 2.5.2.

2.5.2b was also taken and we are OK with it too. 

2.6. Now, open the imaging software [2.6.1-MED-over the shoulder].  Then, click “ACQUIRE”, “SciMeasure Camera” menu to open up the ‘CCD ACQUIRE’ page [2.6.2-SCREEN].  Next, create a new data file to save the recording [2.6.3-SCREEN].
2.6.1. *Film as written
2.6.2. To be submitted by authors. Record screen movie as written.
2.6.3. To be submitted by authors. Record screen movie as written.
2.7. Click “ANALOGUE OUTPUT” and then “Read an ASCII” (Pronounce: “askee”) to open a pulse protocol file in order to conduct the imaging [2.7.1-SCREEN].  Next, click on “Average the internal repetitions” to average the number of trials [2.7.2-SCREEN].  Then close the “ANALOGUE OUTPUT” page [2.7.3-SCREEN]. 
2.7.1. To be submitted by authors. Record screen movie as written.
2.7.2. To be submitted by authors. Record screen movie as written.
2.7.3. To be submitted by authors. Record screen movie as written.
2.8. Set the specific acquisition parameters on the ‘CCD ACQUIRE’ page [2.8.1-SCREEN].  After that, input the specific values for “Number of frames for acquisition”’ and “Number of trials” [2.8.2-SCREEN].
2.8.1. To be submitted by authors. Record screen movie as written.
2.8.2. To be submitted by authors. Record screen movie as written.
2.9. Then click the “TAKE DATA, Optics + BNC” button to start the recording [2.9.1-SCREEN]. While the voltage imaging is taking place, monitor the oscilloscope to ensure stable whole-cell configuration throughout the recording [2.9.2-MED].
2.9.1. To be submitted by authors. Record screen movie as written.
2.9.2. Talent looking and pointing at the oscilloscope 
Take 1 is long version and is better than take 2 (short version)
3. Data acquisition  

3.1. To calculate the fractional fluorescence change, click “FILE” and then “Read Data File” to open a data file that was recorded in the previous step [3.1.1-MED-over the shoulder-TXT].  The cell image in its Resting Light Intensity should be seen on the right side [3.1.2-SCREEN-TXT].
3.1.1. Talent clicking the screen as described, Text: Fractional fluorescence change: ΔF/F
Please cut it before I click on the individual data file as that will be screen recorded in step 3.1.2. 

3.1.2. To be submitted by authors. Record screen movie as written. Text: RLI: Resting Light Intensity
3.2. Next, click on “Show BNCs” to show the current and voltage values [3.2.1-SCREEN].  Change the page mode from ‘RLI frame’ to ‘Frame subtraction’ in order to utilize the frame subtraction function to identify the pixels with responsive optical signals [3.2.2-SCREEN]. 
3.2.1. To be submitted by authors. Record screen movie as written.
3.2.2. To be submitted by authors. Record screen movie as written.
3.3. Then, select two time points for subtraction [3.3.1-SCREEN-TXT], and identify the cell area that shows signals in response to the membrane potential change [3.3.2-SCREEN]. 
3.3.1. To be submitted by authors. Record screen movie as written. Text: F0 and F1
3.3.2. To be submitted by authors. A screen movie to show the cell area with signals in response to the membrane potential change.  
3.4. Next, designate the pixels that need to be analyzed by dragging or clicking each pixel [3.4.1-SCREEN].  The graphical representation of the average fluorescence intensity from the selected pixels should appear on the left side of the software window [3.4.2-SCREEN].  Divide the subtracted pixels by the RLI [3.4.3-SCREEN].  Then click “Divide by RLIs” to acquire the fractional fluorescence change values [3.4.4-SCREEN]. 
3.4.1. To be submitted by authors. Record screen movie as written.
3.4.2. To be submitted by authors. Record screen movie as written.
3.4.3. To be submitted by authors. Record screen movie as written.
3.4.4. To be submitted by authors. Record screen movie as written.

A part of step 3.4.4 seems to be a repeat of step 3.4.3 so that I made the screen recordings as below. 
Divide the subtracted pixels by clicking “Divide by RLIs” button [3.4.3-screen]. Then, acquire fractional fluorescence change values (ΔF/F) for each voltage pulse [3.4.4-screen].
3.5. To export the data, remove the current and voltage graphs by unclicking ‘Show BNCs’ menu [3.5.1-SCREEN]. Go to “OUTPUT”, “Save Traces As Displayed (ASCII)” to export the fluorescence trace in an ASCII file format for the curve fitting analysis [3.5.2-SCREEN].
3.5.1. To be submitted by authors. Record screen movie as written.
3.5.2. To be submitted by authors. Record screen movie as written.
4. Data analysis
4.1. In this procedure, draw the fluorescence change versus voltage graph by plotting the fractional fluorescence changes in response to voltage in a data analysis program [4.1.1-MED-over the shoulder].  After that, fit the curve to a Boltzmann function in order to determine the voltage range of the optical signal by clicking “Analysis”, “Fitting”, “Sigmoidal fit”, then “Open dialog” [4.1.2-SCREEN].  Replot the normalized fractional fluorescence changes in response to voltage by using the data analysis program [4.1.3-SCREEN].
4.1.1. Talent draws the fluorescence change versus voltage graph. 
4.1.2. To be submitted by authors. Record screen movie as written. 
4.1.3. To be submitted by authors. Record screen movie as written.
4.2. To calculate the speed of the optical response, open the ASCII file and plot the fractional fluorescence change trace versus time [4.2.1-SCREEN].  Then, click on “Data selector” in the data analysis software, and select one time point corresponding to the beginning of a stepped voltage pulse and a second time point when the optical signal has reached the steady-state [4.2.2-SCREEN].
4.2.1. To be submitted by authors. Record screen movie as written.
4.2.2. To be submitted by authors. Record screen movie as written.
4.3. Fit this range to both a single and double exponential decay function by clicking “Analysis”, “Fitting”, “Exponential fit”, then “Open dialog” [4.3.1-SCREEN] and report the better fit [4.3.2-SCREEN].
4.3.1. To be submitted by authors. Record screen movie as written.
4.3.2. To be submitted by authors. Record screen movie as written.
5. Results: Voltage imaging with a single fluorescent protein-based and a FRET-based GEVI expressed in HEK 293 cells and hippocampal primary neurons
5.1. This figure shows the fluorescence change of an HEK cell expressing a single-FP based GEVI, Bongwoori [5.1.1-LM].  This is a typical fluorescence change in response to the stepped voltage pulses [5.1.2-LM]. 
5.1.1. Fig4-A.pdf: Show upper panel
5.1.2. Fig4-A.pdf: Add lower panel

5.2. Here, an HEK 293 cell was imaged with the high speed CCD camera.  This image shows the Resting Light Intensity of a cell expressing Bongwoori [5.2.1-LM] and this is a frame subtraction image indicating the pixels where fluorescence change was observed [5.2.2-LM]. 
5.2.1. Fig4-B.pdf: Show left panel
5.2.2. Fig4-B.pdf: Add right panel

5.3. Shown here is the optical recording of the induced action potentials from the mouse hippocampal primary neurons expressing Bongwoori [5.3.1-LM].  The action potentials were evoked under the whole-cell current clamp mode [5.3.2-LM]. The fractional fluorescence change trace was selected from the pixels correlated to the soma [5.3.3-LM].
5.3.1. Fig4-C.pdf: Show upper panel without the label “-4% ∆F/F” on the right
5.3.2. Fig4-C.pdf: Add lower panel without the label “120mV” on the right 

5.3.3. Fig4-C.pdf: Add the labels “-4% ∆F/F” and “120mV” to the right of both upper and lower panels

5.4. In this figure, the fluorescence change of an HEK cell expressing FRET-based GEVI shows the responses [5.4.1-LM] to the stepped voltage pulses in two wavelengths recorded at 1 kHz with a high speed CCD camera [5.4.2-LM].
5.4.1. Figure 5.pdf: Show A upper panel (red and green traces)
5.4.2. Figure 5.pdf: Add A lower panel (blue stepped voltage pulses)

6. Conclusion (said by authors on camera)
6.1. Sungmoo : While attempting this procedure, it’s important to remember to test variable fluorescence levels since over-expression of fluorescence can affect the health of the cell.
6.2. Arong: Following this procedure, other methods like slice recordings can be performed in order to answer additional questions involving neuronal activity of various circuits.
6.3. Masoud : After watching this video, you should have a good understanding of how to image membrane potential using different types of probe.
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.
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