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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/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.)
2.3., 3.1., 3.4., and 5.8.
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.)
Step 5.4. If the ligation of inserts with vectors is not well performed at 16 °C, we alternatively incubate the reaction mixtures at 4 °C for 2-3 days for the enhanced ligation outcomes.
5. Will the filming need to take place in multiple locations? N


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

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.


1. REQUIRED Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

Why is your protocol significant? OR What key questions can this method help answer? 

1.1. Jong Kook Park: The assessment of microRNA-target interactions with microRNA functions is critical to understand how microRNAs regulate various biological processes in both healthy and diseased states.


What is the main advantage of this technique?

1.2. Jong Kook Park: This protocol describes a reproducible strategy to identify miRNA targets and the function of microRNAs as validation of direct targets of microRNAs is challenging. 

OPTIONAL Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

Do the implications of this technique extend toward the therapy (or diagnosis) of a particular disease, disability, or challenge? How so?

1.3. Sokviseth Moeng: Our protocol can provide insights on the functions of individual microRNAs and the implication of a microRNA in cancer therapy. 

Are there any specific areas of research that this method could provide insight into? 

Can this method be applied to any other systems?

1.4. Sokviseth Moeng: Calculation of the half maximal inhibitory concentration is an important method not only for miRNA studies, but for the efficaciuos evaluation of other anti-cancer drugs.


How would you expect an individual who has never performed this technique to struggle? 

Do you have any advice to offer to somebody who is trying this technique for the first time?

1.5. Hyun Ah Seo: Our protocol will be helpful to new researchers since we described the fundamental methods to understand the role of microRNAs in a cell. 










Section - Protocol
2. MicroRNA (miRNA) Mimic Transfection
2.1. To begin the protocol, count the cells with a cell counter [1]. Plate the cells in a 96 well plate [2]. 
2.1.1. [bookmark: _GoBack]WIDE: Establishing shot of talent in lab documenting reading on cell counter 
2.1.2. MED: Talent plates cells 
2.2. The next day, prepare a set of transfection mixtures to transfect the cells at several final concentrations of miRNA (Pronounce microRNA) control mimic and miRNA-107 (Pronounce one oh seven) mimic [1]. 
2.2.1. MED: Talent carefully prepares mixtures 
2.3. From a stock of 25 μM of miRNA (Pronounce microRNA) control mimic or miRNA -107 mimic, dilute and add control mimic or miRNA -107 mimic in the reduced-serum media along with a transfection reagent in microcentrifuge tubes [1-TXT]. Gently mix the oligo containing mixtures using a micropipette [2].
2.3.1. MED: Talent has stocks prepared in a cell culture hood and carefully combines reagents in microcentrifuge tubes, TEXT: See Figure 3A 
2.3.2. CU: Close-up of mixture as talent mixes oligo
2.4. After a 10 min incubation in a cell culture hood, gently mix the oligo containing mixtures again and then add 50 μL of the mixtures into each well [1]. Keep the transfected cells in a cell culture incubator [2].
2.4.1. MED: Talent mixes and then adds oligoes into each well 
2.4.2. MED: Talent places plate in incubator
3. Sulforhodamine B (SRB) Assay  
3.1. Carefully aspirate the cell culture media in each well of the plate and promptly fill 100 μL of 10% trichloroacetic acid (Pronounce tri-chloro-acetic acid), or TCA into each well [1-TXT]. Keep the plate containing 10% TCA at 4 °C for 1 h [2].
3.1.1. CU: Close-up on wells of plate as talent removes cell culture media and then refills it with TCA, TEXT: Do not allow the cells to dry before adding 10% TCA
3.1.2. MED: Talent places plate in fridge 
3.2. Next, wash the plate several times by submerging it into a tub with tap water [1]. Remove excess water from inside of wells by tapping the plate until there is no water left and dry the plate [2].
3.2.1. MED: Talent submerges plate in tub a few times 
3.2.2. MED: Talent taps plate until satisfied with the removal of water and places the plate on the lab bench
3.3. Pipette 50 μL of 0.4% SRB (Pronounce S-R-B) solution into each well including the blank wells [1]. Gently shake the plate until the 0.4% SRB solution evenly covers the bottom of the wells [2]. Then incubate the plate for 40-60 min [3].
3.3.1. CU: Close-up on the wells as talent pipettes solution into the wells 
3.3.2. CU: Close-up on wells to show SRB solution evenly covering the bottom of the wells
3.3.3. MED: Talent places the plate in the lab cabinet 
3.4. After incubation, wash the plate with 1% acetic acid until the unbound dye is totally washed away [1]. 
3.4.1. MED: Talent washes plate with acetic acid 
3.5. Pipette 100 μL of 10 mM (Pronounce millimolar) Tris base solution into the corresponding wells including blank wells [1]. Keep the plate on a shaker for 10 min [2]. Measure the absorbance at 492 nm (Pronounce nanometers) [3].
3.5.1. MED: Talent pipettes Tris into wells including blank wells
3.5.2. Talent places the plate on the shaker and sets timer for 10 min
3.5.3. Talent places plate in spectrophotometer and run the program
4. Generation of a Dose-Response Curve 
4.1. Calculate the percentage of average absorbance and the standard deviation of each group using absorbance values of the SRB assay [1]. Import the raw data including treatment concentrations, average absorbance and standard deviation into the software by vertically aligning the data [2]. 
4.1.1. SCREEN: To be provided by the authors –show how to calculate the percentage of average absorbance and the std using absorbance values of the SRB assay data. Show copy Excel data and paste (import) into another software (sigmaplot) by vertically aligning the data. Authors: Please upload this screen capture to your project page
4.2. Click the create graph tab and choose the simple scatter-error bars. Select worksheet columns as symbol values and click next. In the data format panel, select XY pairs and click next. 
4.2.1. SCREEN: To be provided by the authors – Show the navigation from the create graph tab to the selection of the simple scatter-error bars, then as the worksheets columns is selected and the next button is clicked. In the data format panel, select XY pairs and click next. Authors: Please upload this screen capture to your project page 
4.3. Select corresponding data columns in the select data panel. Click finish to create the plot [1]. 
4.3.1. SCREEN: To be provided by the authors – show the selection of the data columns and the plot that is created after finish is clicked. Authors: Please upload this screen capture to your project page 
4.4. Double-click on the X-axis to modify the type of scale and the scaling of axis. Change the type of scale from linear to log. Modify the start and end range number to 0.01 and 200, respectively [1].
4.4.1. SCREEN: To be provided by the authors – Show the double click, then the type of scale, and the scaling of the axis on the screen. Show the scale change from linear to log, and show the modification of the start and end range number. Authors: Please upload this screen capture to your project page 
4.5. Right-click on any scatter plot, choose curve fit, and go to the sub-category user- defined. Select dose-response curve, click the next buttons, and then click finish. Go to the report tab and then check the n, k, and R values [1].
4.5.1. SCREEN: Show the selection of the scatter plot, curve fit, and the navigation to the sub-category user-defined. Continue with the selection of the curve and the next buttons until finish is clicked. Then show the report tab being selected and the values for the n, k, and R 
5. Verification of the Direct Target Gene of a miRNA of Interest 
5.1. Run the PCR as detailed in the accompanying text protocol [1].
5.1.1. MED: Show talent placing the sample in the PCR machine and run the PCR machine  
5.2. Then move onto double digestion by combining the reaction mixtures including the restriction enzymes XhoI (pronounce as one word, XHO-one) and NotI (pronounce as one word, NOT-one), in a tube [1]. Incubate the mixtures for 3-4 h in a 37 °C water bath [2].
5.2.1. MED: Talent adds two restriction enzymes in a tube
5.2.2. MED: Talent places tubes in water bath 
5.3. Run the double digested products on a 1% agarose gel [1]. Then cut the bands under UV light [2]. Purify the double digested PCR products and luciferase vectors from the excised bands [3].
5.3.1. CU: Close-up of the gel. Capture the gel which was already run before capturing
5.3.2. CU: Capture the bands and talent cuts bands from UV light 
5.3.3. MED: Talent adds a reagent in a tube containing cut gels 
5.4. Continue with ligation of the PCR products into the luciferase vectors by preparing 20 μL of ligation reaction mixtures including the DNA ligase [1]. Briefly centrifuge the tube for 10-15 s [2]. Incubate the ligation at 16 °C overnight using a thermal cycler [3]. 
5.4.1. MED: Talent has digested PCR product from previous step on bench and prepares ligation reaction mixtures by adding the DNA ligase 
5.4.2. MED: Talent places tubes in centrifuge and starts spin
5.4.3. MED: Talent places ligation mixtures in thermocycler, 
5.5. The next day perform transformation by adding the ligation mixtures into the tube containing competent cells [1]. Gently tap the tube and keep it on ice for 20 min [2]. 
5.5.1. MED: Talent has tubes from 5.4.3 on bench and adds the contents to tube containing competent cells on ice
5.5.2. MED: Talent gently taps the tube and places it on ice, then sets timer for 20 min 
5.6. Quickly and gently transfer the tube to a heat block 42 °C for 30 s to 1 min [1]. Following heat-shock, place the tube on ice for 20 min [2]. 
5.6.1. MED: Talent places tube on heat block 
5.6.2. MED: Talent moves the tube from the heat block to ice and sets timer for 20 min 
5.7. Spread competent cells on an LB agar plate [1]. Grow competent cells in an incubator at 37 °C overnight [2].
5.7.1. CU: Show how to spread cells over the plate 
5.7.2. MED: Talent places plate in incubator 
5.8. The following day, pick an individual colony and resuspend E. coli in one of the 8-strip tubes containing ultrapure water and repeat this step to resuspend E. coli from 4 to 8 randomly selected colonies [1]. 
5.8.1. CU: Talent picks several colonies and transfers it to tube already containing ultrapure water 
5.9. Transfer 25 μL of E. coli suspension into another set of 8-strip tubes [1]. Perform the colony PCR using the E. coli suspension [2-TXT]. 
5.9.1. MED: Talent transfers suspension to tubes
5.9.2. Talent places tubes in a thermal cycler, TEXT: See Figure 5 for colony selection 
6. Luciferase Assay 
6.1. Prepare the luciferase assay in a 24-well plate. Add 1-2 x 104 cells in a 500 μL cell culture media for each well [1-TXT]. After overnight incubation, transfect 50 ng of luciferase vectors into the cells with control mimic or a specific miRNA mimic using a transfection reagent [2-TXT]. 
6.1.1. MED: Talent adds cell culture media to wells of plate, TEXT: Do not use media containing P/S 
6.1.2. MED: Talent adds transfection mixtures to cells, TEXT: See Figure 5D
6.2. The next day, wash the inside of the wells twice using phosphate buffered saline [1]. Apply 200 μL of lysis reagent into the wells and sufficiently carry out cell lysis before measuring the luciferase activity [2]. Keep the plate shaking for at least 15 min [3]. 
6.2.1. CU: Focus on wells as talent washes them with PBS
6.2.2. MED: Talent adds lysis reagent 
6.2.3. MED: Talent places plate on shaker 
6.3. Transfer 5-10 μL of cell lysate into the new tube and add 100 μL of reagent I and immediately mix the solution by pipetting [1]. Then read the firefly luciferase activity using a luminometer for 10-15 s [2].
6.3.1. MED: Talent transfers lysate to tube and adds reagent I and immediately mixes the tube with pipette 
6.3.2. MED: Talent measures activity with luminometer 
6.4. Add 100 μL of reagent II in the same tube, and then mix by pipetting twice [1]. Finally, read the renilla luciferase activity for 10-15 s using a luminometer [2].
6.4.1. MED: Talent adds reagent II to tube and pipettes up and down twice 
6.4.2. MED: Talent measures luciferase activity on luminometer 



Section – Results

7. Results: miRNA-107 Negatively Regulates Proliferation of PANC-1 Cells  
7.1. RT-PCR shows a significant reduction of miRNA- 107 in PANC-1 (Pronounce as one word, PEN-k-one) and CAPAN-1 (Pronounce as one word, CA-pan-one) cells compared with HPNE (Pronounce H-P-N-E) cells [1]. The levels of miRNA-301 (Pronounce three oh one) were significantly up-regulated in PANC-1 and CAPAN-1 cells  compared with HPNE cells [2].  
7.1.1. LAB MEDIA: Figure 2C – Only show the graph on the left. Visually emphasize the bars for PANC-1 and CAPAN-1. Then visually emphasize HPNE when said. 
7.1.2. LAB MEDIA: Figure 2C – Only show the graph on the right. Visually emphasize the bars for PANC-1 and CAPAN-1. 
7.2. The SRB assay in this study clearly demonstrates that the proliferation of PANC-1 cells decreased following a miRNA-107 mimic transfection [1].  
7.2.1. LAB MEDIA: Figure 3B – Visually emphasize the columns on the right of the assay (25, 50, 100) 
7.3. The screening of 11 potential predicted targets of miRNA-107 clearly shows that  only synuclein (Pronounce si-​ˈn(y)ü-​klē-​ən) gamma or SNCG, a positive regulator of tumor cell growth, directly interacts with miRNA-107 in  PANC-1 cells, indicating that miRNA-107 can negatively regulate the  proliferation of PANC-1 cells by modulating the SNCG expression  [1]. 
7.3.1. LAB MEDIA: Figure 6 – Visually emphasize the bars for SNCG (far right). 



Section - Conclusion
8. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

What is most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section this advice correlates to.
8.1. Jong Kook Park: (Step: 3.1., 3.2., 3.3., 3.4., 3.5) Other cell proliferation assays that use the tetrazolium-based MTT and CFSE are applicable to screen the effects of treatment reagents such as microRNA mimics depending on the cell types.
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
8.2. Sokviseth Moeng: Based on the experimentally validated functions of microRNAs, a systematic review of database and target prediction programs is required to narrow down the list of candidate targets before luciferase assays.
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
8.3. Sokviseth Moeng: For the evaluation of combination efficiency of microRNAs with anti-cancer drugs, it is advantageous to calculate adjusted IC values based on our protocol for the assessment of combination index
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