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Authors, please fill out the brief questionnaire below.   

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) _____N____ 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)__N______ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps____ 3.4, 3.5, 3.6, 3.7, 3.8
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? Although our transient transfection protocol affords versatility and minimal upfront time commitment for screen set-up, this approach will likely increase well-to-well signal variability that could be countered by comparing reporter ratios rather than absolute light units from each well. 


1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Conceptual Narrative:

The overall goal of the following protocol is to enable genome-scale interrogation of gene function by simultaneously monitoring multiple cellular read-outs. (Intro)

In this demonstration, firefly, Renilla, and Cypridina luciferase-based reporters are used to monitor p53, Wnt and Kras pathway activity, respectively. [Video editor: Figure 2A: please highlight the pp53-TA-Luc FL reporter (blue), the 8xTCF RL reporter (green), and the Elk1 reporter system (the two circles including the red one) as each is mentioned].

These three reporters are co-transfected with siRNAs targeting a gene of interest into HCT116 cells, a colorectal cancer cell line. (Video editor: Figure 2A: add downward arrow, siRNA, and the graphic of the HCT116 cell with the green, blue and red circles)

Subsequently, firefly and Renilla luciferase activities are measured in the cell lysates, (Video editor: Figure 2A: highlight the blue FL and green RL circles inside the cell and then add the arrow pointing to Lysate, etc.) while the activity of Cypridina luciferase, a secreted enzyme, is measured in the culture medium. (Video editor: Figure 2A: highlight the red CL circles outside the cell and then add the arrow pointing to Medium, etc.)

Results are obtained that show the reproducibility of the assay system as well as the ability to reveal shared and unique actions of genes within these three cancer-relevant pathways. (Video editor: show Figure 2B)

Video editor: Schematic overview graphics are in 50369_Kulak_Lum_Figure2.ai (uploaded 1/25/13)

	

B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Ozlem Kulak: The main advantage of this technique over existing methods such as microarray or multi-colored immunohistochemistry, is that it affords a universal, accessible, and cost-effective method for monitoring transcriptional cellular outputs.
1.2. Ozlem Kulak: This method can help answer key questions in cancer research, such as the development of molecularly targeted anti-cancer therapeutic strategies.  





Protocol (read by voice talent at JoVE):

2. Preparation of cells for siRNA and reporter transfection

2.1. To begin this procedure, wash five 10-cm2 plates of 80-90% confluent HCT116 cells with PBS. Then harvest cells by trypsinization: for each plate, use 1 ml of trypsinization solution followed by neutralization with 10 ml of DMEM containing 2% FBS and 1% penicillin/streptomycin.

Shots:
2.1.1. MED: Talent working in tissue culture hood, aspirating media from a plate of cells and adding PBS. (Videographer: please capture the 5 plates of cells in the footage)
2.1.2. CU: 1 ml trypsinization solution being added to a plate (after PBS had been aspirated).
2.1.3. CU: 10 ml media being added to plate.

2.2. Transfer suspended cells to a 50-ml conical tube and centrifuge at ~130 g for 5 minutes (TEXT: ~130 g; 5 min). Remove the supernatant and re-suspend the cell pellet in 10 ml of media.

Shots:
2.2.1. MED: Talent transferring cell suspension to a 50-ml conical tube.
2.2.2. MED: Talent putting conical tube into centrifuge and closing the lid.
2.2.3. MED: Talent removing supernatant.
2.2.4. CU: 10 ml media being added to cell pellet and pellet is resuspended.

2.3. Count the cell number with a cell counter, and then make a cell solution with 105 cells per ml (TEXT: 105 cells/ml). Keep 150 ml of cell suspension for the next step.

Shots:
2.3.1. MED: Talent at microscope counting cells with cell counter.
2.3.2. MED: Talent making 105 cells/ml cell solution and setting aside 150 ml.
 
2.4. Using a Multidrop automated liquid dispenser, plate 100 l or 104 cells in each well of a 96-well cell culture plate. The cell suspension in this case should be sufficient for plating twelve 96-well plates.

Shots:
2.4.1. MED: Talent loading the deck of the Multidrop with appropriate plates. 
2.4.2. CU: A shot of the Multidrop dispensing cells into the wells of a 96-well plate.
2.4.3. CU: A shot of the 12 plates with cells.

2.5. Incubate the plates with cells at 37°C in an incubator with 5% CO2 while preparing the transfection mixture.

Shots:
2.5.1. MED: Talent putting the 12 plates into the incubator.



3. siRNA and reporter transfection of cells

a. Preparing reporter construct DNA

3.1. The high-quality reporter construct DNA used here was isolated using standard midiprep kits and diluted to a final concentration of 1 mg/ml for each reporter. 

Shots:
3.1.1. MED: Talent setting down the 4 tubes of diluted DNA in the hood
3.1.2. CU: A shot of the 4 tubes of DNA (Author: please label tubes clearly with reporter names on filming day)

3.2. Prepare 100 µl of reporter construct stock solution by combining the following: 30 µl of p53-FL, 30 µl of 8X TCF-RL, 30 µl of Elk1-Gal4, 6 µl of UAS-CL and 4 µl of H2O (TEXT: 30 µl p53-FL; 30 µl 8X TCF-RL; 30 µl Elk1-Gal4; 6 µl UAS-CL; 4 µl H2O). This will result in a DNA mixture with a final ratio of 1:1:1:0.2 of the reporters and a final DNA concentration of 0.3 mg/ml. (TEXT: Reporter ratio 1:1:1:0.2; DNA concentration 0.3 mg/ml.)

Shots:
3.2.1. CU: 30 µl of p53-FL being pipetted into a tube (Video editor: freeze this shot and then add text overlay of the reagents as each is mentioned: 30 µl p53-FL, 30 µl 8X TCF-RL, 30 µl Elk1-Gal4, 6 µl UAS-CL, 4 µl H2O).
3.2.2. CU: Tube being set down after all reagents has been added.

b. Preparing siRNA/DNA transfection mixtures

3.3. Next prepare siRNA/DNA transfection mixtures sufficient for transfecting twelve 96-well plates. Dilute 80 µl of the reporter construct stock solution in 8 ml of EC buffer from the Qiagen Effectene Kit to obtain a DNA solution with a final concentration of 3 µg/ml (TEXT: DNA concentration 3 µg/ml.)

Shots:
3.3.1. MED: Talent getting ready to make transfection mixtures.
3.3.2. CU: 80 µl of reporter construct stock solution being diluted in 8 ml of EC buffer.
3.3.3. Talent – interview style to camera: “Although our transient transfection protocol affords versatility and minimal upfront time commitment for screen set-up, this approach will likely increase well-to-well signal variability that could be countered by comparing reporter ratios rather than absolute light units from each well.” Note from authors: “We shot this sentence, if you want to use it, you may use it before the results part.” It sounds optional, so either move it before the results or leave it out.


3.4. Plate 20 l of the DNA solution to each well of a 96-well PCR plate. The number of 96-well plates will depend on how many siRNA pools will be tested. For example, in this case we will need four 96-well plates to evaluate 384 different siRNA pools. 

Shots:
3.4.1. MED: Talent at the Multidrop, preparing to dispense DNA to PCR plates.
3.4.2. CU: A shot of DNA being dispensed to a 96-well PCR plate.

3.5. Using a Biomek Automated Liquid Handler, transfer 2 µl of each 5 µM siRNA to the corresponding well of the PCR plate containing the diluted DNA stock.

Shots:
3.5.1. MED: Talent placing the 96-well PCR plate on the Biomek liquid handler.
3.5.2. CU: Liquid handler transferring 2 µl of each 5 µM siRNA stock (in 96-well format) to the corresponding well of the PCR plate containing the diluted DNA stock.

3.6. Next add 1 µl of Enhancer solution to each well of the DNA/siRNA plate.

Shots:
3.6.1. CU: Liquid handler adding 1 µl of Enhancer solution to each well of the DNA/siRNA plate.

3.7. Allow the Enhancer reaction to occur at room temperature for 5 minutes, then add 3 l of Effectene transfection reagent to each well and incubate at room temperature for an additional 10 minutes.

Shots:
3.7.1. CU: Multiple takes from different angles of plates on the robot deck during the 5-minute reaction.  Shot will be repeated later.
3.7.2. CU: 3 l of Effectene transfection reagent being added to each well by the liquid handler.
3.7.3. Use shot from 3.7.1.

3.8. To stop transfection complex formation, add 10 l of DMEM containing 2% FBS and 1% penicillin/streptomycin to each well of the PCR plate.

Shots:
3.8.1. MED: Liquid handler adding 10 l of media to each well of the PCR plate.

c. Adding transfection mixtures to cells

3.9. Retrieve the twelve 96-well plates containing HCT116 cells from the incubator.

Shots:
3.9.1. MED: Talent retrieving the twelve 96-well plates containing HCT116 cells from the incubator.

3.10. Transfer 10 l of the transfection mixture to each well of a 96-well plate containing the cells. As each transfection will be performed in triplicate, the same mixture will be applied to two additional 96-well plates containing cells.

Shots:
3.10.1. CU: Liquid handler transferring 10 l of the transfection mixture to each well of a 96-well plate containing the cells.

3.11. Incubate the cells with transfection mixtures at 37°C in a humidified environment with 5% CO2 for 36 hours (TEXT: 37°C; 5% CO2; 36 h.)

Shot:
3.11.1. MED: Talent putting the plates with cells into the incubator.

4. Determination of luciferase activities from cell samples

4.1. 36 hours after transfection of cells, luciferase activities are ready for measurement. As this study incorporates multiple reporters, one secreted into the culture medium and two others expressed in the cell cytoplasm, measurements will be obtained from both culture medium as well as a cellular lysate.

Shots:
4.1.1. MED: Talent taking out plates with transfected cells from incubator.

4.2. To detect Cypridina luciferase or CL activity in the culture medium, replica-plate 20 µl of culture medium to a white opaque 96-well plate.

Shots:
4.2.1. MED: Talent at the Biomek Liquid Handler setting it up.
4.2.2. CU: Liquid handler replica-plating 20 µl of culture medium to a white opaque 96-well plate.

4.3. Using the Multidrop, add 20 µl of CL assay buffer to each well.

Shots:
4.3.1. MED: Talent taking the plate to the Multidrop.
4.3.2. CU: Multidrop adding 20 µl of CL assay buffer to each well.

4.4. Next add 10 µl of Cypridina luciferin substrate to each well and detect CL activity using a luminometer.

Shots:
4.4.1. CU: Multidrop adding 10 µl of Cypridina luciferin substrate to each well.
4.4.2. MED: Multiple takes from different angles of talent putting the plate into the plate reader of the luminometer and taking measurements.  Shot will be repeated later.

4.5. To detect firefly luciferase (FL) and Renilla luciferase (RL) activities, cell lysates must first be made. Remove the culture medium from the cells by turning each plate upside down and tossing the medium in a sink. Remove remaining medium by gently tapping the upside down plate on paper towels.

Shots:
4.5.1. MED: Talent setting down the plates on the bench top.
4.5.2. CU: A plate being turned upside down in a sink to get rid of medium.
4.5.3. CU: Upside down plate being gently tapped on paper towels.

4.6. Add 30 µl of 1 x Passive Lysis Buffer to each well of cells. Place the plates on a platform rocker set at medium speed for 5 minutes at room temperature.

Shots:
4.6.1. CU: Multidrop adding 30 µl of 1 x Passive Lysis Buffer to each well of cells.
4.6.2. MED: Talent placing plates on a platform rocker and turning it to medium speed.

4.7. After 5 minutes, add 20 µl of the Luciferase Assay Reagent II to each well of cells and immediately measure firefly luciferase activity using the luminometer.

Shots:
4.7.1. [bookmark: _GoBack]MED: Talent placing plates on the Multidrop deck. 
4.7.2. CU: Multidrop adding 20 µl of the Luciferase Assay Reagent II to each well of cells.
4.7.3. Use shot from 4.4.2.

4.8. Next, add Stop & Glo® Reagent to quench the firefly luciferase activity and then measure Renilla luciferase activity. 

Shots:
4.8.1. MED: Talent using Multidrop to add Stop & Glo® Reagent to each well of cells.
4.8.2. Use shot from 4.4.2.


5. Results: high-throughput interrogation of gene function in Wnt/-catenin, p53, and Kras signaling

5.1. Prior to multiplexing, the robustness of the three different screening platforms was individually assessed. Indicated colorectal cancer cell lines were transfected with the 8X TCF, pp53-TA-Luc, or Elk-1 firefly luciferase-encoding reporter constructs along with pools of siRNAs targeting Wnt/b-catenin, p53, or Kras, respectively (Video editor: highlight the title of each graph in this order: Wnt/b-catenin pathway, p53 pathway, Kras/Erk pathway). Pathway-relevant genotypes for each cell line are indicated (Video editor: highlight the little colored squares and the name of the cell line on the top right of each graph).

Shots:
5.1.1. LAB MEDIA: Kulak_Lum_Figure 1.ai

5.2. The strength of each screening platform was assessed by the reproducibility of these siRNAs-induced effects on the relevant signal transduction pathway. As shown in these representative results, the β-catenin siRNAs have no effect on 8X TCF reporter activity in RKO cells in contrast to DLD-1 and HCT-116 cells, which are respectively deficient in the APC pathway suppressor protein and express an activated form of β-catenin. [Video editor: In the Wnt/b-catenin pathway graph, draw viewers’ attention to the + Ctnnb siRNA results (repeated 4 times) where the blue bars remain high in contrast to the much lower red and green bars]

Shots:
5.2.1. LAB MEDIA: Kulak_Lum_Figure 1.ai
5.3. Subsequently, it was shown that these reporters could be used together for simultaneous measurements of gene activity of the Wnt/b-catenin, p53, and Kras signal transduction pathways using the indicated siRNA pools (show Fig. 2B). In these graphs, relative luciferase activities are shown on the Y-axis and siRNAs targeting the indicated gene of interest are shown on the X-axis. For example, a siRNA pool targeting b-catenin (Video editor: highlight ‘Ctnnb’ on the x-axis of the top-most graph) reduces Wnt/b-catenin pathway activity (Video editor: highlight the low green bar above the Ctnnb in the top-most graph), while not significantly affecting the p53 and Kras pathways (Video editor: highlight the Ctnnb blue bar in the p53 graph and the Ctnnb red bar in the Kras graph).

Shots: 	
5.3.1. LAB MEDIA: Part B only from ‘50369_Kulak_Lum_Figure 2.ai’

6. Conclusion (said by authors on camera)
6.1. Ozlem Kulak: While attempting to develop a multiplexed reporter system, it’s important to optimize the assay for the cell line of interest including transfection reagent and reporter signal intensity.

       

Provided Media

1A. Schematic overview – ‘50369_Kulak_Lum_Figure 2.ai’ (uploaded 1-25-13)
5.1. – 5.2. Kulak_Lam_Figure 1.ai
5.3. Part B only from ‘50369_Kulak_Lum_Figure 2.ai’



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.
 2011, Journal of Visualized Experiments

