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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? Y

Can you record movies/images using your own microscope camera? 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: We use a Leica M60 for microinjection, no camera is attached. 
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? Y/N
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.) _____2.1,_3.1, 3.3, 4.2, 5.2, 5.3_____________________________________
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.) ___2.1 If the PDMS is not clean, culturing medium will leak out. We use freshly made PDMS devices; __5.3 We use extreme caution when injecting mRNA into embryos.
E.  Will the filming need to take place in multiple locations? Y. There is about 5-10 min drive between the two labs. 

1. Introduction (Experimental Goal and Author Interviews) 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this experiment is to use light to control the mitogen-activated protein kinase signaling pathway in intact cells and in Xenopus embryos (Intro). 
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Kai Zhang: This method can help answer key questions in cellular and developmental biology, such as how temporal modulation of kinase activity regulates cell fate determination during cell differentiation and embryonic development. 
1.2. Kai Zhang: The main advantage of this technique is that _the mitogen-activated protein kinase activity can be controlled reversibly in intact cells and in multicellular organisms such as developing embryos.    

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Jing Yang: This method can provide insight into signaling kinetics during Xenopus embryonic development, it can also be applied to other systems model organisms, such as drosophila, zebrafish, or mouse. 
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.4. ** Kai Zhang: Today, a graduate student from my laboratory, Vishnu Krishnamurthy, will demonstrate the procedure. 

1.5. Jing Yang: And Aurora Turgeon, a postdoc in my laboratory, will demonstrate procedures involving Xenopus embryos.  

1.5.1. Interview style: Author saying the above 

1.5.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

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 Urbana-Champaign.
Protocol: (read by voice talent at JoVE)
2. Optogenetic Induction of Protein Localization in BHK21 Mammalian Cell Culture
2.1. First, assemble the cell culture device by placing one autoclaved, sterile PDMS chamber [1-MED-TXT] on a sterile PLL-coated coverslip in a 60-millimeter petri dish [2-CU].
2.1.1. Talent working in TC hood picks up the PDMS chamber with gloved hands or forceps and moves it over the coverslip in the 60-mm dish. TEXT: See written protocol for details of fabrication.  
2.1.2. The device is placed on top of the coverslip, 
2.2. Next, use 0.5 milliliters of 0.25% trypsin to detach BHK21 cells from one well of a 6-well tissue culture plate [1-MED-over the shoulder].  VO note: Did two takes, since edited shot below indicates plate well number should change
2.2.1. Talent pipettes trypsin into one well of a 12-well plate. 
2.3. After counting the cell density with a hemocytometer [1-MED], seed the chamber with 20,000 cells in 200-microliters of cell culture medium [2-MCU-TXT].
2.3.1. Talent looking down a microscope and performing a cell count. TEXT: ~10,000 cells/cm2
2.3.2. 200 ul of cell suspension is dispensed from a 200 ul pipette tip into the chamber. 
2.4. 24-hours after cell plating [1-MED], transfect the cells with 50 to 100-nanograms of CRY2-mCherry-Raf1-2A-2CIBN-GFP-CaaX (pronounced Cry-two-m-Cherry-Raf-one two-A 2-C-I-B-N G-F-P C-A-A-X) plasmid, as per the manufacturer’s protocol [2-MED-over the shoulder]. 
2.4.1. Talent removes the dish containing the chamber from the TC incubator. 
2.4.2. Talent pipettes from an appropriately labeled tube and dispenses the volume into the cell culture chamber. 
2.5. 3-hours after transfection [1-MED], change the medium to 200-microliters of fresh culture medium [2-MED-over the shoulder-TXT], and allow the cells to recover overnight by incubating the culture in a 37 °C and 5% CO2 incubator [3-WIDE]. 
2.5.1. Talent aspirates media from the chamber. 
2.5.2. Talent finishes aspirating 200 ul from an appropriately labeled tube of media and then pipettes the volume into the chamber. TEXT: See written protocol for media formulations. 
2.5.3. Talent places the dish containing the cells into the incubator. 
2.6. The next day [1-MED], begin optogenetic induction and imaging by first replacing the cell culture medium with 200-microliters of CO2-independent medium [2-MED-over the shoulder]. 
2.6.1. Talent (wearing something different to indicate a new day) brings the plate to the TC hood. 
2.6.2. Talent pipettes from an appropriately labeled tube of media and transfers 200 ul to the chamber. 
2.7. Then set up the data acquisition protocol [1-MED-over the shoulder]. Select 488 nm excitation FITC (pronounced as f-i-ts-i.  refer to the FIRST pronunciation in the site https://www.howtopronounce.com/fitc/) channel for optogenetic stimulation, and the 561 nm excitation TRITC (pronounced as Tr-i-cy, similar to “tracy” but use an “I” as in “trick” in the middle. Refer to the THIRD pronunciation in the website https://www.howtopronounce.com/tritc/) channel to track the cellular localization of mCherry-labeled protein. [2-SCREEN]. 
2.7.1. Talent turns towards the computer and moves the mouse to select the software. 
2.7.2. SCREEN CAP: The cursor selects the FITC and TRITC channels and then sets the gain of FITC and TRITC channel at 120 and 200, respectively. [SCREEN_2.7.2_SelectChannelSetGain]. 
2.7.3. Add a TEXT on the screen: For scanning speed control, use “Control by: Pixel Dwell”, “2.2”, “size: 512”. 
2.8. Measure the power of the blue light by placing a power meter close to the objective window [1-MED]. A total power of 2 µW is sufficient to induce CIBN-CRY2PHR (pronounced C-I-B-N cry-two P-H-R) association [2-CU-TXT]. 
2.8.1. Talent places the power meter close to the objective window. 
2.8.2. The readout on the power meter shows close to 2 µW. TEXT: ~ 10000 W/cm2 at the focus. 
2.9. Set up a timestamp acquisition with a 5-second interval and a total acquisition time of 2 minutes. [1-SCREEN]. 
2.9.1. SCREEN CAP: The cursor selects the menus and parameters required to input the acquisition parameters described in the above text. [SCREEN_2.9.1_SetIntervalDuration]
2.10. Apply appropriate index-matching material on the objective window [1-CU-TXT]. Place the cell chamber on the microscope stage, and use the bright-field mode to focus on the cells on the coverslip surface using the eye pieces [2-SCREEN]. 
2.10.1. A small amount of immersion oil is placed on the objective window. TEXT: Immersion oil. Talent put cell chamber on the microscope stage. 
2.10.2. SCREEN CAP: The live window shows switching the LED light path to eye pieces. [SCREEN_2.10.2_SwitchtoEyePieces] [NOTE] Because the new confocal microscope can only show fluorescence image under laser excitation, the eye pieces are used to localize transfected cells under green LED light.
2.11. Next, move the microscope stage [1-MED] to locate a transfected cell under green light [2-SCREEN-TXT]. 
2.11.1. Talent manipulates the dials to move the stage. 
2.11.2. SCREEN CAP: Press “SCAN” to start the live cell window, which shows a bright cell moving into the center of the field and its focus being adjusted. TEXT: 561-nm excitation TRIC channel. [SCREEN_2.11.2-2.12.1_FindandFocusCell]
2.12. Once a transfected cell is located, initiate data acquisition using adaptive focus to maintain the focus if available [1-SCREEN]. 
2.12.1. SCREEN CAP: The ‘initiate scan’ button or similar is clicked to initiate the scan. 
2.13. Record a series of time-stamped images in both the FITC and TRITC channels [1-LM]. This example image shows CIBN-GFP-CaaX (pronounced C-I-B-N G-F-P C-A-A-X) localized on the plasma membrane [2-LM], this is a snapshot of CRY2-mCherry-Raf1 (pronounced cry-two m-cherry-raf-1) before blue-light stimulation [3-LM]; whereas this image shows a snapshot of CRY2-mCherry-Raf1 after 10 pulses of blue-light stimulation. [4-LM-TXT]. 
2.13.1. LAB MEDIA: 55823_Zhang_Figure_1D
2.13.2. LAB MEDIA: 55823_Zhang_Figure_1D_left
2.13.3. LAB MEDIA: 55823_Zhang_Figure_1D_middle
2.13.4. LAB MEDIA: 55823_Zhang_Figure_1D_right. Scale bar: 20 µm. 
2.13.5. A screen shot has been added to record the light-mediated membrane translocation. ADD [SCREEN_2.13.5_Timestamp]. Science Editor – I’m not totally sure how the authors intend us to use this. We might need additional VO if it’s not clear, or we can’t use it as an inset.
3. Construction of an LED Array for Long-Term Light Stimulation in a CO2 Incubator
3.1. Make the LED array by inserting 12 blue LEDs into two breadboards [1-MED] and connecting with current limiting resistors [2-MCU-TXT]. 
3.1.1. Talent finishes inserting the last two or three LEDs in the second breadboard. 
3.1.2. The breadboards (which already have other resistors in place) are connected. TEXT:  At 30 V up to four LEDs can be connected in series. 
3.2. Place the breadboards into an aluminum box [1-MED-over the shoulder]. 
3.2.1. *film as written. 
3.3. Insert two metal wires to connect to the boards to the power supply [1-MCU]. Make sure that the length of the wire is sufficient when the light box is placed inside a CO2 incubator [2-MED]. 
3.3.1. The metal wires are inserted into the appropriate area of the breadboard series. 
3.3.2. Talent runs their hand along the wires to smooth out the lengths of wire. This conveys an appropriate length for this set-up. 
3.4. Then place a transparent light diffuser to act as the cover of the light box [1-MED-over the shoulder]. 
3.4.1. *film as written. 
3.5. Lastly, calibrate the power output of each LED at a range of voltage inputs [1-MED]. Use a power of 0.2-milliWatts per square centimeter for the 24 hour PC12 cell differentiation assay [2-MCU]. 
3.5.1. Talent picks up and turns on the power meter (last seen in 2.8.2). 
3.5.2. The power meter is held close to the output and the display reads 0.2 mW/cm2 
4. Optogenetic induction of PC12 Cell Differentiation
4.1. Place the LED array in a 37 °C incubator supplemented with 5% CO2 [1-MED-over the shoulder]. Connect it to the power supply using the metal wires [2-MCU], and set the power of the LED to 0.2-milliWatts per square centimeter [3-MED-TXT]. 
4.1.1. *film as written. 
4.1.2. The metal wires of the LED are inserted into the appropriate ports in the power supply.   
4.1.3. Talent adjusts the output of the power supply. TEXT: The voltage may vary to achieve 0.2 mW/cm2 if different LEDs are used
4.2. Place the 12-well plate containing transfected PC12 cells on the window of the LED array [1-MED-over the shoulder-TXT]. Align the plate so that every well is fully illuminated [2-MCU]. Apply continuous light illumination for 24 hours [3-WIDE]. 
4.2.1. *film as written. TEXT: See written protocol for details of the transfection. 
4.2.2. Show Talent’s hand moving the plate into a position where every well is illuminated.  
4.2.3. Talent closes the door of the incubator and walks out of shot. 
4.3. To image the differentiated cells [1-MED] set up single-snapshot data acquisition. Use 200 milliseconds for both the GFP and Txred channel [2-?].
4.3.1. Talent places the 12-well plate on the microscope stage. [NOTE]: This is an operation and not a screen capture. 
4.3.2. SCREEN CAP: The cursor selects single-snapshot acquisition and then sets the exposure to 200 ms for both the GFP and Tx Red channels. [SCREEN_4.3.2_SelectAcquisition]
4.4. Capture images of the transfected cells in both the GFP and Txred channels and save the files for data analysis [1-SCREEN-TXT]. 
4.4.1. SCREEN CAP: The cursor selects the button or dropdown to capture an image. Then after the image appears, the ‘save as’ option is selected from the menu. TEXT: Record roughly 200 cells for each condition. [SCREEN_4.4.1_CaptureImage]
5. Optogenetic Control of Kinase Activity in Xenopus Embryos
5.1. Begin this procedure by fabricating needles for RNA microinjection by pulling glass capillaries with a capillary puller [1-MED-over the shoulder-TXT]. 
5.1.1. Talent working at capillary puller to pull needles (detail not required). TEXT: Heat = 355, pull strength = 80, velocity = 50, time = 100. 
5.2. Remove the jelly coat from the embryos by treating them with 3% cysteine diluted in 0.2× MMR for 15 minutes [1-MCU]. 
5.2.1. Show the tube or dish of embryos as the solution is added. TEXT: This time can vary between embryos. 
5.3. Transfer the embryos to 3% polysucrose and 0.5× MMR solution for microinjection [1-MED]. Accurately inject 500-picograms to 1-nanogram of CRY2-mCherry-Raf1-2A-2CIBN-GFP-CaaX RNA into each embryo [2-SCOPE-TXT]. Then culture the microinjected embryos in the microinjection solution at room temperature [3-MED]. 
5.3.1. Talent transfers the embryos to the injection dish containing 3% polysucrose and 0.5× MMR. 
5.3.2. An embryo is injected. TEXT: >1 ng CRY2-mCherry-Raf1-2A-2CIBN-GFP-CaaX RNA results in blue light-independent activation of MAPK signaling. 
5.3.3. Talent places the covered dish into the incubation area in the xenopus room. 
5.4. When the embryos reach the mid-gastrula stage [1-SCOPE-TXT], transfer them to 0.2× MMR solution and continue to culture until the desired stage of development [2-MED-over the shoulder].
5.4.1. Shot through the microscope of embryos at stage 12 (Authors – could you try to have embryos ready at the correct stage on the day? If these are not available, you can submit a shot of the stage 12 embryos as LAB MEDIA). ADD [LAB MEDIA 5.4.1 Stage12.TIF]. TEXT: Stage 12
5.4.2. Talent transfers the embryos to a dish containing 0.2× MMR solution or replaces the solution in the dish already containing the embryos if this is how it usually done. 
5.5. When ready to induce protein expression, transfer the embryos to a 12-well plate [1-MCU]. 
5.5.1. Embryos are pipetted into a well of the 12-well plate. 
5.6. Then place the 12-well plate on the home-built LED array for blue-light treatment [1-MED]. 
5.6.1. *film as written. 
5.7. Place a mirror on the top of the 12-well plate to ensure full blue-light illumination of the embryos [1-MED-over the shoulder]. 

5.7.1. *film as written. 

5.8. Turn on the LED array and tune the power of the blue light to 5-milliWatts per square centimeter [1-MED]. 
5.8.1. Talent switches on the power supply and then adjusts the power while holding the power meter close to the LEDs.
5.9. Harvest the embryos for histological, Western-blot, or gene-expression analysis after exposure to blue light for the desired time [1-MED]. 
Author note: We did not film separate harvest steps for each analysis 
5.9.1. Talent working at bench to pipette the embryos from the plate and transfer them to a microfuge tube or similar. Editor, the authors removed the VO for this so IDK if this shot exists, so I ordered the VO anyway, in case they were confused (see their note)
6. Results: Optogenetic Induction of PC12 Cell Differentiation and Kinase Activity in Live Xenopus Embryos.
6.1. This image shows multi-channel snapshots of PC12 cells transfected with CRY2-2A-2CIBN (pronounced cry-2-2A-2-C-I-B-N) after 24 hours of blue-light stimulation at 0.2-milliWatts per square centimeter. Both the GFP and mCherry reporters are seen.  Circles mark differentiated cells and square marks undifferentiated cells [1-LM]. 
6.1.1. LAB MEDIA: 55823_Zhang_Figure3a. Video editor please show image and then highlight the circle and the square when these are mentioned in the narration. 
6.2. Here, the cells were treated the same way as those in the prior image, except no blue-light stimulation was used. No differentiation is seen. [1-LM]. 
6.2.1. LAB MEDIA: 55823_Zhang_Figure3b. Show image. 
6.3. These cells show representative results after transfection with Raf1-GFP-CaaX (pronounced Raf-one G-F-P C-A-A-X), a constitutively active Raf1. The circle and rectangle mark differentiated and undifferentiated cells, respectively [1-LM]. 
6.3.1. LAB MEDIA: 55823_Zhang_Figure3e. Video editor please show image and then highlight the circle and the rectangle when these are mentioned in the narration. 
6.4. This histogram shows differentiation ratios of PC12 cells transfected with CA-Raf1, co-transfected with CRY2-mCherry-Raf1 and CIBN-GFP-CaaX, and singly transfected with CRY2-2A-2CIBN. Only cells exposed to blue light showed significant differentiation [1-LM]. 
6.4.1. LAB MEDIA: 55823_Zhang_Figure3f. Show image. Video editor please highlight the figure legends in time with the narration i.e. ‘CA-Raf1’ when “CA-Raf1” is narrated, ‘Co-trans’ when “co-transfected with…” is narrated, and ‘2A’ when “CRY2-2A-2CIBN” is read. 
6.5. This image shows the morphology of normal Xenopus embryos, without mRNA injection and without light treatments [1-LM]. 
6.5.1. LAB MEDIA: 55823_Zhang_Figure4d. Show image. 
6.6. This image shows embryos injected with CRY2-2A-2CIBN mRNA and subjected to blue-light stimulation. Activation of Raf1 by treating CRY2-2A-2CIBN-injected embryos with blue light induces ectopic tail-like structures in the head region [1-LM]. 
6.6.1. LAB MEDIA: 55823_Zhang_Figure4g. Show image. Authors – would it be possible to resubmit this layered image with one or two arrows pointing to the best examples of the ectopic tail like structures? Then the Video Editor can add these when they are mentioned in the narration. [We have resubmitted this figure as “Figure4garrow.ai”].
7. Conclusion (said by authors on camera)
7.1. Aurora Turgeon: Following this procedure, one can answer additional questions such as how stage-specific activation of the mitogen-activated protein kinase pathway regulates gene expression. 
7.2. Vishnu Krishnamurthy: This optogenetic method can be generalized to control other signaling pathways with similar activation mechanism.

Provided Media

6.1 Figure3a.ai
6.2 Figure3b.ai

6.3 Figure3e.ai

6.4 Figure3f.ai

6.5 Figure4d.ai

6.6 Figure4g.ai

In addition, I also uploaded the *.ai files for the whole Figure 1-4. 
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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