[image: ] FINAL SCRIPT: APPROVED FOR FILMING


Submission ID #: 58588
Scriptwriter Name: Michael Linnes
Project Page Link: http://www.jove.com/files_upload.php?src=17869388 

Title:  Quantifying the Fraction of Photoactivated Fluorescent Proteins in Bulk and in Live Cells

Authors and Affiliations:  Vanessa Chen, Malte Renz

Gynecologic Oncology Division, Stanford University School of Medicine, Stanford, CA, USA

Corresponding Author:  
Malte Renz (renzmalt@stanford.edu)
Tel: 650-724-0456


Email addresses for Co-authors:  
Vanessa Chen (vanchen@nuevaschool.org)




Author Questionnaire: 
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)  N
Can you record movies/images using your own microscope camera? (Y/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.

2. Does your protocol include 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.

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)

The concept of the internal rulers is the most important aspect to comprehend. Please consider implementing the cartoons provided, i.e. Figur 1b, Figure 2a+b and Figure 3a+b.
4. 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.)

Once concept understood, performing actual experiments pretty straightforward.
5. Will the filming need to take place in multiple locations? (Y/N)  Y
If yes, how far apart are the locations? Walking distance, 5 min


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements: 

1.1. Vanessa Chen: We present here a protocol that involves genetically coupled, spectrally distinct, photoactivatable, and fluorescent proteins. These internal rulers permit quantification of the PA-FP fraction that is photoactivated to be fluorescent [1]. 
1.1.1. INTERVIEW: Named talent says the above statement in an interview-style shot, looking slightly off camera

1.2. Malte Renz: Thus far, no method has been available to quantify in bulk and in live cells how many of the PA-FPs expressed are photoactivated to fluoresce [1]. 
1.2.1. INTERVIEW: Named talent says the above statement in an interview-style shot, looking slightly off camera

OPTIONAL Interview Statements: 
 

1.3. Vanessa Chen: The presented quantification of photoactivation efficiency is exemplified for PA-GFP and PA-Cherry in live cells, but it is in principle, broadly applicable and can be used for any photoactivatable fluorescent protein under any experimental condition [1]. 
1.3.1. INTERVIEW: Named talent says the above statement in an interview-style shot, looking slightly off camera


1.4. Malte Renz: Whenever working with genetically encoded fluorescent proteins, the absolute amount of protein expressed varies from cell to cell and is unknown. To standardize the expression level in cells, we introduce internal rulers of genetically coupled spectrally distinct fluorescent proteins [1]. 
1.4.1. INTERVIEW: Named talent says the above statement in an interview-style shot, looking slightly off camera


1.5. Malte Renz: By coupling the genetic information of a photoactivatable fluorescent protein to a spectrally distinct always-on fluorescent proteins, internal rulers are created that will still be expressed to an unknown total amount but in a fixed and known relative amount of 1:1 [1].
1.5.1. INTERVIEW: Named talent says the above statement in an interview-style shot, looking slightly off camera

 
 
Section - Protocol
2. Cell Culture and Transfection
2.1. To begin, construct the plasmids as described in the accompanying text protocol. [1] Also, culture any standard cell line in its respective medium, using the phenol red free version.  [2]
2.1.1. MED: Talent opens Clonetech box with the pEGFP-N1 mammalian cell expression vector
2.1.2. MED: Talent pulls flask of cells from the incubator and walks it towards the culture hood
2.2. When ready to begin the experiment, harvest the cells using trypsin without phenol red to reduce background fluorescence. [1]
2.2.1. CU: Talent adds trypsin to plate of cells
2.3. After harvest, fill a 2-milliliter pipette with a cell suspension from a confluent cell culture grown in a T12.5-cell culture flask. Add 1 drop into each chamber of an 8- chamber glass slide [1], and incubate the slide under standard cell culture conditions for 24 hours [2]. Note to the video editor: I am not sure if the 1st sentence being videoed.
2.3.1. CU: Talent places Neubauer chamber onto microscope stage and begins to count cells Talent pipettes cells into the chambered slide.
2.3.2. MED: Talent pipettes cells into the chambered slide. Talent places 8 chambered glass slide into the incubator. 
2.4. [bookmark: _GoBack]Next, transfect the cells using commercial reagents, following the distributer’s protocol. [1] Transfect the cells with the GFP—Cherry, PA-GFP—Cherry, and GFP—PA-Cherry chimeras. [2] 
2.4.1. CU: Talent mixes reagents and drips over cells (can be look alike reagents)
2.4.2. [Added Shot]: CU: Talent drips over cells.
2.5. Then, return the cells to the incubator to allow for protein expression, folding, and cell maturation. [1]
2.5.1. MED: Talent places the chamber slide(s) into the incubator.
3. Imaging and Photoactivation 
3.1. After a total of 20 hours post transfection, transfer the cells to the stage of a confocal fluorescence microscope equipped with a humidified and heated environmental chamber, pre-warmed to 37 degrees Celsius. [1]
3.1.1. MED: Talent places slide on the stage of a microscope in a pre-heated enclosure
3.2. Buffer the cell media at physiological pH and render it CO2-independent, by adding 20 mM HEPES, or using CO2 gas set to 5% flow during imaging. [1]
3.2.1. MED: Talent turns on gas flow into chamber
3.3. First, image cells expressing the GFP—Cherry construct. [1] Set the pixel dwell time to 2-4 microseconds to define the time-integrated laser intensity per pixel in the confocal image. [2]
3.3.1. MED Over the Shoulder: Talent sits at imaging station
3.3.2. SCREEN: To be provided by the authors – In the software, set the dwell time as described. Authors, please upload this screen capture to your project page.
3.4. Also adjust the acousto-optical tunable filter (AOTM) transmission in percent for the 488 and 561-nanometer lasers such that images show a good signal-to-noise ratio without any bleaching and no pixels indicating fluorescence intensity saturation.  Then, adjust the digital zoom to around 3X. [1]
3.4.1. SCREEN: To be provided by the authors – Talent performs the above step in the order listed. Authors, please upload this screen capture to your project page.
3.5.  [1]
3.5.1. SCREEN: To be provided by the authors – Talent acquires a few images. Authors, please upload this screen capture to your project page.
3.6. Search for cells expressing GFP—Cherry [1], GFP—PA-Cherry and PA-GFP—Cherry by looking in the green or red channel, respectively using the same set laser power, pixel dwell time, acousto-optical tunable filter transmission and digital zoom.  Avoid using long exposure in order to not bleach the fluorescent proteins. [2] 
3.6.1. SCREEN: To be provided by the authors – Talent images cells expressing GFP—Cherry. performs the above step in the order listed. Authors, please upload this screen capture to your project page.
3.6.2. [Added SCREEN]: To be provided by the authors – Talent images cells expressing GHFP—PACherry. performs the above step in the order listed. Authors, please upload this screen capture to your project page
3.7. Next, set up a mini-time series with one pre-activation image and three post-activation images. The post-activation images will help identify potential transient dark states due to the exposure to UV-light. [1]
3.7.1. SCREEN: To be provided by the authors – Talent sets up the time series and begins taking images. Authors, please upload this screen capture to your project page.
3.8. [1]
3.8.1. SCREEN: To be provided by the authors – Talent sets up and begins imaging cells as described. Authors, please upload this screen capture to your project page.
3.9. For instantaneous photo-activation of PA-GFP and PA-Cherry, 38% AOTM transmission of the 405 nm laser light were used with a 2 microsecond pixel dwell time in 3 or 5 iterations, respectively. [1]
3.9.1. SCREEN: To be provided by the authors – Talent sets up the laser bursts in the software. Authors, please upload this screen capture to your project page.
3.10. These settings translate to 90 micro-watts of a 405 nanometer laser light at the objective lens. [1-TXT]
3.10.1. CU: short high-intensity UV pulse should be filmed at the microscope stage. TEXT: Apply 90 micro-Watts of 405 nm laser light in 3 to 5 iterations. Use 38% AOTM transmission and 2 µs pixel dwell time
3.11. With these settings, about 8% and 16% of the PA-GFP and PA-Cherry expressed can be photoactivated to be fluorescent. [1] Note to the video editor: This is a new step, so I am not sure how it affects next steps.
3.11.1. [Added Shot]: LM: Figure 2C
3.12. If photoactivation does not have to be immediate, apply 40 micro-Watts of 405-nanometer laser light with a 2 microsecond pixel dwell time and 6% AOTM transmission for 450 iterations. [1].[2]
3.12.1. SCREEN: To be provided by the authors – Talent enters the settings as described and images a cell. Authors, please upload this screen capture to your project page.
3.12.2. CU: The 450 iterations of UV-light exposure filmed at the microscope stage. TEXT: Apply 40 micro-Watts of 405 nm laser light in 450 iterations. Note to the video editor: This step is redundant. I am not sure if this being videoed or step 3.12.1 is used.
3.13.  [1]
3.13.1. SCREEN: To be provided by the authors – Talent performs the above step, imaging the PA-GFP--Cherry expressing cells. Authors, please upload this screen capture to your project page.
3.14. Vanessa Chen: Using these settings, photoactivation will take up to 4 minutes as opposed to only 1-2 seconds [1], but photoactivation efficiency for the fluorophore will be 29% instead of 8%, allowing for a higher signal-to-noise ratio. [2] 
3.14.1. INTERVIEW: Author says the statement above in an interview-style shot, looking slightly off-camera.
3.14.2. [Added Shot]: Figure 3c.
3.15. Malte Renz: If a mosaic digital illumination system that contains micro mirror arrays in a spatial light modulator is available, 405 nm laser light can be used for widefield-photoactivation. This allows for efficient photoactivation within milliseconds. [1]
3.15.1. INTERVIEW: Author says the statement above in an interview-style shot, looking slightly off-camera.
4. Image Analysis and Algorithm for Ratiometric Intensity-based Quantification of Photoactivation Efficiency
4.1. To begin, open your images in an open source image processing platform and follow the steps shown here to determine the background fluorescence intensity in non-transfected cells in the green, B1, and red, B2, channels. Avoid perinuclear or any areas showing increased auto-fluorescence. [1]
4.1.1. SCREEN: To be provided by the authors – Talent performs the above step in the order listed in 30 sec or less. Authors, please upload this screen capture to your project page.
4.2. Next, determine the fluorescence intensity in a transfected cell by outlining the cell body with the freehand selections tool. Again, avoid perinuclear or any other areas showing auto-fluorescence. [1] 
4.2.1. SCREEN: To be provided by the authors – Talent performs the above step in the order listed. Authors, please upload this screen capture to your project page.
4.3. Now, subtract the background from the measured fluorescence intensity in each channel. To measure intensity in the green channel subtract the green intensity by the intensity in B1 and to measure intensity in the red channel subtract the red intensity by the intensity in B2. [1]
4.3.1. [Added Shot]: MED: Over the shoulder – Talent at computer writing out equation. SCREEN: To be provided by the authors – Talent performs the above step in the order listed. Authors, please upload this screen capture to your project page.
4.4. Next, use the GFP—Cherry construct to calculate the red-to-green ratio and correct for donor-quenching due to fluorescence resonance energy transfer. [1-TXT] 
4.4.1. MED Over the Shoulder: Talent works out equation on a sheet of paper. TEXT: RtoGr = (IRed_measured – B2) / (IGreen_measured – B1) ; RtoGrcorr = RtoGr * (1 – E) 
4.5. Malte Renz: The FRET efficiency was determined to be 0.3 in previous experiments for the GFP—Cherry construct using the same amino acid linker between the two fluorophores. In this intensity- based approach, the donor quenching may be different given possible distinct spectral properties which have not been characterized. [1]
4.5.1. INTERVIEW: Author says the statement above in an interview-style shot, looking slightly off-camera.
4.6. Use the GFP—PA-Cherry construct to assess the fraction of photoactivated PA-Cherry. Determine the expected fluorescence intensity of PA-Cherry by multiplying the measured unquenched green fluorescence intensity of the GFP-PA-Cherry construct prior to photoactivation with the corrected red-to-green-ratio. [1-TXT] 
4.6.1. MED Over the Shoulder: Talent works out equation on a sheet of paper. TEXT: IRed_expected = (IGreen_measured – B1) * RtoGrcorr
4.7. Malte Renz: For the absolute quantification of the fraction of photoactivated PA-Cherry, the molecular brightness of the always-on and photoactivatable FP need to be considered. [1]
4.7.1. INTERVIEW: Author says the statement above in an interview-style shot, looking slightly off-camera.
4.8. The molecular brightness is the product of quantum yield, extinction coefficient, and percent absorbance at the given excitation wavelength relative to the absorbance peak. The percent absorbance at 543 nm relative to absorbance peak is 0.5 and 0.7, respectively. [1-TXT]
4.8.1.  MED Over the Shoulder: Talent works out equation on a sheet of paper. TEXT:
MBCherry = 0.22 * 72,000 * 0.5 = 7,920, MBPA-Cherry = 0.46 * 18,000 * 0.7 = 5,796

4.9. The lower molecular brightness of PA-Cherry compared to Cherry can be taken into account by dividing IRed_expected by 1.37.[1-TXT]

4.9.1. CU: Talent calculates the brightness by dividing by 1.37 TEXT: 7,920/5,796=1.37 
4.10. Calculate the PA-Cherry photoactivation efficiency as a fraction of the measured red fluorescence intensity after photoactivation and the expected fluorescence intensity in the red channel. [1-TXT] 
4.10.1. CU: Talent works out equation on a sheet of paper TEXT: (FPA-Cherry) = (IRed_measured – B2) / IRed_expected 
4.11. Next, Use the PA-GFP—Cherry construct to assess the fraction of photoactivated PA-GFP. Determine the expected fluorescence intensity of PA-GFP by dividing the measured red fluorescence intensity of the PA-GFP—Cherry construct prior to photoactivation by the red-to-green-ratio. [1-TXT] 
4.11.1. CU: Talent works out equation on a sheet of paper TEXT: IGreen_expected = (IRed_measured – B2) / RtoGr
4.12. Vanessa Chen: Here, the red-to-green-ratio does not need to be corrected for donor quenching, because GFP and PA-GFP are subject to donor quenching to the same amount. [1]
4.12.1. INTERVIEW: Author says the statement above in an interview-style shot, looking slightly off-camera.
4.13. Finally, calculate the PA-GFP photoactivation efficiency as a fraction of the measured green fluorescence intensity after photoactivation and the expected fluorescence intensity in the green channel. [1-TXT]
4.13.1. MED Over the Shoulder: Talent works out equation on a sheet of paper TEXT: (FPA-GFP) = (IGreen_measured – B1) / IGreen_expected



Section – Results
5. Results: Maximizing Photoactivation Efficiency 
5.1. After titrating the laser power as measured at the objective lens by pixel dwell time and acousto-optical tunable filter transmission, the maximum photoactivation efficiency for PA-GFP was about 8%.[1]
5.1.1. LABMEDIA: Figure 2c
5.2. However, using low laser power and hundreds of iterations, a higher photoactivation efficiency can be achieved. 450 iterations of UV-light delivered by a confocal laser scanning microscope over a total of 4 min yielded a photoactivation efficiency of 29% for PA-GFP. [1]
5.2.1. LABMEDIA: Figure 3c


Section - Conclusion
6. Conclusion Interview Statements: 

6.1. Malte Renz: It is important to state that the presented approach is ratiometric and intensity-based. It can be used to standardize the unknown expression level in cells and define relative differences in photoactivation efficiency by different modes of photoactivation [1].

6.1.1. INTERVIEW: Named talent says the above statement in an interview-style shot, looking slightly off camera

 
6.2. Malte Renz:  The protocol can also be used to assess the absolute fraction of photoactivated PA-FPs. Then, different spectral properties of different FPs need to be taken into account [1].

6.2.1. INTERVIEW: Named talent says the above statement in an interview-style shot, looking slightly off camera
  
6.3. Vanessa Chen: Our approach involving internal rulers shows that different exposure to UV-light yields different photoactivation efficiencies. Thereby, it defines options how to photoactivate a larger PA-FP fraction and achieve a better signal-to-noise ratio [1]. 

6.3.1. INTERVIEW: Named talent says the above statement in an interview-style shot, looking slightly off camera
6.4. Vanessa Chen: Furthermore, using internal rulers opens up opportunities to differentially photoactivate different PA-FPs in the same cell given their differential response to UV-light or to differentially photoactivate the same PA-FP in different subcellular compartments by exposing it differently to UV-light [1].

6.4.1. INTERVIEW: Named talent says the above statement in an interview-style shot, looking slightly off camera
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