
Note from author: As we went through the videography, it became clear that there is a lot of 96 well plate multichannel pipetting going on – while it’s necessary to describe all this, to keep the video from dragging, I think it would be good to truncate some of the later clips to keep things flowing.
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Authors, please fill out the brief questionnaire below.   
A. Will you require assistance with video microscopy, such as filming a complex dissection or microinjection technique (Y/N, please specify steps by number. Also, please list make and model of your microscope)?  __
Maybe – we have a Zeiss Axiovert 40CFL. It would be nice (but not essential) to visualize GFP+ cells after transfection. If we decide to try this, we need to know in advance so that we can transfect the cells before-hand (to have the finished product ready for imaging on the day of filming).

________

B.   Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? ____3.1-3.4_____

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps__3.1-3.3, 4.1, 5.1-5.6____

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  

The electroporation/transfection – the key is to treat the cells very gently while also working quickly once the cells are in the toxic transfection solution

1. Introduction (Schematic Overview and Interview)

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

0.1. The overall goal of this procedure is to use RNA interference to investigate the effect of candidate genes on the innate immune response in mouse macrophages (Intro).
0.1.1. Intro slide.  Animation: NONE

0.2. To do this, mouse macrophage cell lines are trypsinized and combined with transfection solution and the siRNAs of interest. (P1).
0.2.1. LAB MEDIA:  51306_SchmaticOverview P1 and P2, JoVE MEDIA:  > Tissue culture flask  >96 well plate,   Animation:  Show macrophages coming out of a tissue culture flask and going into a 96 well plate already containing solution.  At the same time show siRNA (helix structure in (P2)) going into the same 96 well plate.  
0.3. The mixture is then transferred to a 96-well nucleocuvette plate. 
0.3.1. JoVE MEDIA:  >multichannel pipette >a second 96 well plate, Animation:  Show the solution being transferred (via multichannel pipette) to another 96 well plate.

0.4. (P2) An Amaxa 96-well transfection system is used to (P3) transfect siRNA into the macrophages…  
0.4.1. LAB MEDIA:  51306_SchmaticOverview P2, P3  Animation:  Show the plate being inserted into the plate holder on the Amaxa.  Bolt(s) of lightning (as in P3, but make them yellow or orange) appear to indicate transfection (shock).  

0.5. …and, after an incubation with cell culture medium, (P4) LPS or other activators of innate immunity are applied to the transfected macrophages to stimulate them. 
0.5.1. LAB MEDIA: LAB MEDIA:  51306_SchmaticOverview P4, JoVE media:  side view of well of 96 well dish, Animation:  Show  the plate come back out of the Amaxa, then zoom in to show one well of the plate in which the macrophages (purple cells) are sitting at the bottom.   Red dots (representing LPS) are pipetted  into the well and fall onto the macrophages.

0.6. Finally, ELISAs are then performed to monitor cytokine production and assess the effect of the siRNA treatment on the innate immune response (P4).
0.6.1. LAB MEDIA: 51306_Alper_Figure 2A
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1. Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Scott Alper: The main advantage of this technique over using lipid-mediated transfection, is that our assay is robust and can be applied to target many genes in high-throughput fashion. 
1.1.1. Interview style  

1.2. Brandon Guthrie: The key to this method is to work with healthy cells, treat them gently, and also work efficiently during the transfection process, as we will demonstrate.
1.2.1. Interview style 
Protocol (read by voice talent at JoVE):
2. Maintenance of macrophage cell lines
2.1. This protocol uses the RAW264.7 (pronounced: “Raw-two-sixty-four-point-seven”) mouse macrophage cell line, which is cultured as described in the accompanying document.  
2.1.1. MED:  Talent removes the cells from the  incubator

2.2. In preparation for the siRNA transfection, plate the cells at 20% confluency and grow one or two days until the cells are no more than 80% confluent.  It is important to remember to use cells that are between passages 3 and 10 after thawing.

2.2.1. MED:  Talent seated at hood, plates cells
3. Programming the 96-well shuttle system for transfection
3.1. Begin this procedure by programming the 96-well shuttle system that will be used for transfection.  To do this, initiate the 96-well shuttle software on the computer connected to the shuttle.  From the top left file menu, select new parameter file.

3.1.1. MED SCREEN:  Talent initiates the shuttle software

3.1.2. SCREEN:  Talent selects “new parameter file” [3.1.2-3.4.1 provided as a unified screen capture clip]
3.2. Highlight the wells that will be transfected on the displayed 96-well plate schematic. A green box will indicate the selected wells. 

3.2.1. SCREEN:  Talent highlights the wells to be transfected, and a green box indicates the selected wells.

3.3. Choose the program that corresponds to the macrophage cell line being used.  For RAW264.7 cells, choose DS-136.  Select apply.  
3.3.1. SCREEN: Talent selects the program DS-136 and selects apply.

3.4. Note that after selecting a program, the wells on the schematic plate will be colored dark blue.  Empty circles indicate wells that have not been assigned a program and will not be shocked. 

3.4.1. SCREEN:  The wells on the schematic plate are colored dark blue.  Editor- please highlight blue wells, then highlight empty circles.
4. Preparing the reagents and Macrophages for transfection
4.1. Next, prepare the working nucleofector solution by mixing SF cell line 96-well nucleofector solution with the entire contents of the included supplement tube.  Allow the mixed reagents to equilibrate at room temperature.  (Text overlay: Store excess complete nucleofector solution at 4 ºC for up to three months for future use.)
4.1.1. MED:  Talent mixes nucleofector solution with the supplement tube

4.1.2. CU:  Talent caps the tube and places in in a rack to equilibrate

4.2. Warm the DMEM, RPMI-1640, 0.25% trypsin/EDTA, and PBS at 37 ºC. Prepare the experimental siRNA, pmaxGFP control plasmid, or fluorescently-labeled siRNAs by thawing them on ice. (Text overlay: control plasmid is provided in the Amaxa kit)
4.2.1. MED:  Talent places the DMEM, RPMI, Trypsin and PBS in a water bath
4.2.2. CU:  Talent places the siRNA and pmaxGFP control plasmid on ice
4.3. To detach adherent macrophages from the cell culture dishes, aspirate the medium and wash the cells twice with 10 ml of PBS.  

4.3.1. CU:  Talent aspirates medium

4.3.2. MED:  Talent washes the cells twice with PBS

4.4. Then, after removing the PBS, incubate the cells with 1 mL of pre-warmed 0.25% trypsin/EDTA per plate until the cells begin to detach.  This takes 1-2 minutes. Gently tap the plate and move the solution during the incubation to maximize trypsinization.

4.4.1. CU:  Talent adds trypsin

4.4.2. CU:  Talent gently taps the plate and moves the solution until the cells begin to detach

4.5. After the cells have detached, add 9 ml of DMEM+FBS.  Mix gently by pipetting up and down, and then collect the cells by pipetting into a sterile tube.

4.5.1. CU:  Talent adds DMEM, mixes by pipetting up and down, then pipettes into a sterile tube 

4.6. Count the number of isolated macrophages using a hemocytometer.  Expect roughly 10 million macrophages per 10 centimeter plate.  Calculate the total number of macrophages needed; each well on the 96-well shuttle requires 200,000 cells.  

4.6.1. MED:  Talent places a hemocytometer on a microscope stage and looks into the eye pieces.

4.6.2. MED:  Talent writes down calculations in a laboratory notebook—then looks up and says the line in the shot below
4.7. [Brandon Guthrie:] “Remember to add a few extra wells’ worth of cells to allow for pipetting losses and to include positive controls to monitor transfection.”  (Text overlay: Use the GFP plasmid included in the nucleofection kit or fluorescently labeled siRNA as a positive control)
4.7.1. SHOT CONTINUED FROM 4.6.2
4.8. Pipette the calculated number of cells into a centrifuge tube.  Spin the cells for 10 min at 150 g at room temperature.  (Text overlay: Caution: Centrifuging too quickly will diminish macrophage health and transfection efficiency)
4.8.1. CU:  Talent pipettes cells into a centrifuge tube

4.8.2. MED:  Talent places the cells in centrifuge and closes the lid
5. Nucleofection of macrophages with siRNA

5.1. To a sterile 96-well round-bottom plate, which facilitates mixing, while minimizing reagent loss, add 2 µl of each siRNA to each well to be transfected. Note that depending on the number of siRNAs, this can be accomplished during the macrophage centrifugation step.

5.1.1. MED:  Talent places round bottom plates in the work area

5.1.2. CU:  Talent adds siRNA to each well

5.2. [Brandon Guthrie:]: “The most difficult aspect of this procedure is the electroporation.  The key is to treat the cells very gently and to work very quickly once the cells are in the toxic transfection solution.”
5.2.1. MED: Author looks up from adding siRNA to each well and says the above line

5.3. Aspirate the medium from the centrifuged cells.  (Text overlay: 20 µl/200,000 cells) Then, gently resuspend them in nucleofector solution SF containing the supplement solution. Immediately transfer the cells into a sterile trough.
5.3.1. CU:  Talent aspirates the medium from the cells 

5.3.2. CU:  Talent then resuspends the cells in nucleofector solution

5.3.3. CU:  Talent transfers the cells into a sterile trough

5.4. Using a multichannel pipette, transfer 20 µl of the resuspended cell mixture into each well of the 96-well plate containing the siRNAs.  Gently mix by pipetting up and down.
5.4.1. CU:  Talent uses a multichannel pipette to transfer the cell mixture into each well of the 96 well plate and mixes by pipetting up and down

5.5. Next, transfer 20 µl of the cell/siRNA mixture into the 96-well nucleocuvette plate. It is critical to avoid generating bubbles during this step as this can induce errors during nucleofection.
5.5.1. CU: Talent transfers the cells/siRNA into the 96 well nucleocuvette plate.

5.6. After placing all of the experimental samples in the transfection plate, cover it with the provided lid, and very gently tap it on a hard surface to remove any bubbles. 
5.6.1. MED:  Talent covers the plate with the provided lid and taps to remove bubbles.

5.7. Place the 96-well plate into the 96-well nucleofector shuttle, and at the bottom right of the program screen, select “upload and start”.  Then, follow the program prompt to save the results.

5.7.1. CU:  Talent places the plate with its lid on into the shuttle 

5.7.2. CU SCREEN:  Talent selects “upload and start” on the screen.   Talent then follows the program prompt to save the results.
5.7.3. MED: The videographer capture video (listed as 5.7.2) of the 96 well plate being pulled into the transfection machine – that should be incorporated AFTER the 7.5.2 screen capture (clicking on upload and start then entering a filename to save)

5.8. During the nucleofection process, wells successfully transfected will be depicted on the 96-well schematic on the screen by a green circle with a plus sign.  A red circle with a minus sign indicates an error, most likely due to bubbles or pipetting the incorrect volume of reagents. 

5.8.1. CU SCREEN:  Screen shows the successfully transfected wells with a green circle with a plus sign.  
5.8.2. SCREEN: Red circle with minus sign are also seen.  (Authors, be sure to prepare some wells that will fail so that we can see this)
6. Recovery and plating of macrophages

6.1. (Text overlay: 37 ºC) Immediately after nucleofection, use a multichannel pipette to add 80 µl of pre-warmed RPMI-1640 medium to the side of each well. Allow the medium to slowly mix with the transfected cells, which are very delicate at this stage.  Adding the medium too fast will greatly decrease viability. 

6.1.1. MED:  Talent adds RPMI to the side of the first well

6.1.2. CU:  Talent adds RPMI to the side of a well allowing it to slowly mix with the transfected cells

6.2. Place the 96-well plate with transfected samples and RPMI-1640 into a 37 ºC incubator with 5% CO2 for two or more minutes.  It is critical to allow the cells to recover prior to further manipulation. 

6.2.1. MED:  Talent places the plates into an incubator

6.3. After removing the plate from the incubator, use a multichannel pipette to carefully transfer the mixture from each well into a 96-well tissue culture plate. 

6.3.1. CU: Talent transfers the mixture from each well into a 96-well tissue culture plate

6.4. (Text overlay: 37 ºC) Then, again using the multichannel pipette, add 100 µl of pre-warmed DMEM with FBS to each well. (Text overlay: 37 ºC 5% CO2) Incubate for 24 to 36 hours. (Text overlay: optimize the exact timing for individual siRNAs). 
6.4.1. CU:  Talent adds DMEM to each well
6.4.2. MED:  Talent places the 96 well tissue culture plate in the incubator

6.5. Immediately after transfection and recovery, perform flow cytometry to assess the transfection efficiency of fluorescently-labeled siRNA.  More than 99% of the cells should be transfected.

6.5.1. MED:  Talent seated at flow cytometer, loads tube into port to begin cell analysis
6.5.2. LAB MEDIA:  51306_Alper_Figure1 (Inset)
6.6. The day after transfection, assay for transfection efficiency of the GFP plasmid.  30 to 50% of the cells should express GFP.

6.6.1. MED:  Talent seated at microscope, looks through eyepieces
6.6.2. LAB MEDIA: 51306_Alper_TFefficiency (Authors, please generate and image and upload it with the above file name)
7. Stimulation of macrophages with LPS and Monitoring the induced innate immune response, gene knockdown, and viability in macrophages
7.1. Following the 24 to 36 hour incubation, prepare LPS or other activators of innate immunity in fresh medium. (Text overlay:  200 ul medium/well of the 96-well plate plus a little extra for pipetting)
7.1.1. MED:  Talent prepares LPS
7.2. Dilute the LPS to a final concentration of 20 ng/ml in DMEM with FBS.  Then, carefully aspirate the medium from the 96-well plate and add the fresh medium containing the LPS to the cells.

7.2.1. CU: Talent dilutes LPS 
7.2.2. CU:  Talent carefully aspirates medium from the 96-well plate

7.2.3. CU:  Talent adds fresh medium

7.3. (Text overlay: 37 ºC, 5% CO2) Place the plate in an incubator.  To monitor the response to LPS or other stimulators of innate immunity, at various times after stimulation, pipette the supernatant from the cells into a 96-well storage plate for analysis by ELISA.  (Text overlay: A robust inflammatory cytokine response for cytokines such as IL-6 or TNFα can be observed after 6 hours)
7.3.1. CU:  Talent pipettes the supernatant 

7.4. (Text overlay: 5 mg/ml stock in acetone) After removing the supernatant, to monitor cell viability, add 100 microliters of a 1:100 fluorescein diacetate in PBS to each well. Incubate at room temperature for one to five minutes.
7.4.1. CU:  Talent adds fluorescein diacetate to each well and puts on lid or sets aside to incubate

7.5. Using a plate reader, monitor the fluorescence in the cells using a plate reader (Text overlay: 460 nm excitation, 515 nm emission). When cleaved by cellular esterases in live cells, this compound becomes fluorescent. (Text overlay: The transfection process itself should have little effect on viability)
7.5.1. MED:  Talent, seated at plate reader, performs assay

7.5.2. LAB MEDIA:  51306_Apler_Schematic2 (Authors please provide a simple schematic that describes cleavage of cellular esterases and fluorescence)
8. Monitoring the innate immune response by RNA-interference 
8.1. To illustrate the utility of this approach for monitoring the innate immune response, siRNAs targeting known innate immune regulatory genes were transfected into the RAW264.7 macrophage cell line.

8.1.1. LAB MEDIA:  51306_Alper_Figure2   ANIMATION:  Highlight the list of siRNAs on the x axis of each graph
8.2. The cells were then stimulated with LPS, and production of the pro-inflammatory cytokines IL-6 and TNFα was monitored by ELISA. 
8.2.1. LAB MEDIA: 51306_Alper_Figure2   ANIMATION:  Highlight IL-6 and TNFa when they are mentioned
8.3. As shown here, inhibition of Toll-like receptor 4, the receptor for LPS, but not other TLRs using siRNA strongly diminished production of LPS-induced IL-6 and TNFα.  

8.3.1. LAB MEDIA: 51306_Alper_Figure2  ANIMATION:  Highlight TLR4 and the TLR4 data bar in each graph
8.4. Note that inhibition of IL-6 with siRNA diminished IL-6 production but did not affect TNFα production.  
8.4.1. LAB MEDIA:  51306_Alper_Figure2 ANIMATION:  Circle IL-6 in the IL-6 graph, then circle IL-6 in the TNFa graph)
8.5. These data suggest good efficacy and good specificity of siRNA-mediated knockdown of candidate regulators of innate immunity. 

8.5.1. LAB MEDIA: 51306_Alper_Figure2 ANIMATION:  None
9. Conclusion (said by authors on camera)

9.1. Brandon Guthrie: It’s important to remember that the key to good transfection and good cell recovery is to work with very healthy cells. Treat them gently during the transfection and recovery process and work quickly once the cells are in the nucleofector solution.
9.1.1. Interview Style
9.2. Scott Alper: Following this procedure, many other assays can be performed ranging from qPCR to monitor knockdown of the targeted genes as well as innate immune response genes.
9.2.1. Interview style
Provided Media

51306_Alper_SchematicOverview
51306_Alper_Figure 1
51306_Alper_Figure 2
51306_Alper_TFefficiency (Authors, please generate and image of transfection efficiency (see script))
51306_Apler_Schematic2 (Authors please provide a simple schematic that describes cleavage of cellular esterases and fluorescence)
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.

( 2010, Journal of Visualized Experiments


