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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)?  ___N _______

B.   Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? ___ Y (6.2, 6.3, 6.4) Y (6.2, 6.3, 6.4) ____

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps_5.2, 5.3, 5.4, 5.5, 5.6_____

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? Proper amount of plasmid BiFC constructs used to ensure linear BiFC response and similar expression levels 

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 map sites of AKAP-Lbc (pronounced A-cap-L-B-C) interaction with PDE4D3 (pronounced P-D-E-four-D-three) by measuring the mean fluorescence intensity of Bimolecular Fluorescence Complementation or “BiFC” (pronounced bif-C) using flow cytometry. (Intro).

0.2. To do this, cells are transfected with AKAP-Lbc and PDE4D3 fragments fused to the N or C terminal portion of the fluorescent reporter protein Venus.
0.2.1. 50529_Carnegie_Animation_Slide2 (Left- pre interaction)
0.3. Flow cytometry is then performed to assess fluorescence.  If the protein fragments interact, Venus is completed and fluoresces.   If the protein fragments do not interact, no fluorescence is detected.
0.3.1. 50529_Carnegie_SchematicOverview_P2 (left) Show this and image below at same time

0.3.2. 50529_Carnegie_Animation_Slide2 (animate the interaction and fluorescing of this)
0.4. Complementary western blot analysis is performed to determine the relative protein expression levels.
0.4.1. 50529_Carnegie_SchematicOverviewP2 (right)
0.5. The strength of the protein-protein interactions is then calculated by normalizing YFP mean fluorescence intensity with protein expression levels.
0.5.1. 50529_Carnegie_SchematicOverviewP3
0.6. The resulting data indicate that the binding of PDE4D3 to AKAP-Lbc is mediated by multiple regions within PDE4D3, primarily through upstream conserved region 1, or UCR1. (P5).
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1. Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Li Wang: The main advantages of this technique over existing methods, like co-IP and BiFC using microscope, are that it is relatively simple, it’s sensitive, and it facilitates the rapid screening of a large number of cells.   
1.1.1. Interview style
1.2. [Li Wang] Though this method can provide insight into protein-protein interactions, it can also be used to screen for factors that regulate protein-protein interactions for drug discovery.
1.2.1. Interview style
1.3. [Li Wang]: Generally, individuals new to this method will struggle, because a linear BiFC response needs to be determined, and expression of constructs should be similar, so that results using different protein fragments can be compared to one another.
1.3.1. Interview style
Protocol (read by voice talent at JoVE):

2. Cell transfection

2.1. In the experiments described here, the cells are co-transfected with N terminal fragment of the YFP derivative Venus fused to full length AKAP-Lbc and the C terminal fragment of Venus fused to one of the following: full length PDE4D3, the Upstream Conserved Region 1, “UCR1” of PDE4D3, or the Upstream Conserved Region 2 plus catalytic region “UCR2+CAT” (pronounced U-C-R-two-plus-cat) of PDE4D3. 
2.1.1. LAB MEDIA: 50529_Carnegie_Figure1A
2.1.2. LAB MEDIA: 50529_Carnegie_Figure1B 
2.2. (Text overlay:  See accompanying text for modifications for 24 well plates and immunofluorescence microscopy) The day before transfection, in 6-well tissue culture plates, seed 1.2x105 HEK 293T cells per well in 2 ml of complete growth medium.  Seed 3 control wells plus 3 wells for each of the test co-transfections. Incubate at 5% CO2 at 37oC overnight.

2.2.1. MED:  Talent places flask/plate of cells and empty plates in hood in preparation for plating

2.2.2. CU:  Talent pipettes medium into labeled 6 well plates

2.2.3. MED:  Talent places plates in incubator (do 2 takes)

2.3. The next day, prepare for transfection of the BiFC plasmid DNA constructs and CFP vector, which is co-transfected with BiFC constructs as a marker.   

2.3.1. MED:  Talent places needed supplies and DNA under hood

2.4. For each condition, add the appropriate amount of DNA to 250 (l of Opti-MEM I (pronounced opti-mem-one) serum-free medium in a sterile tube.  One tube is enough to transfect 3 wells.  (Text overlay:  see accompanying text protocol to determine appropriate amount of DNA)

2.4.1. MED:   Talent pipettes DNA into a microcentrifuge tube(s) containing opti-MEM.

2.5. Then, add 3 (l of TransIT-LT1 reagent for each 1 (g to the diluted DNA mixture and pipette gently to mix.  Incubate for 30 minutes at room temperature.

2.5.1. CU:  Talent adds TransIT-LT1 reagent and pipettes to mix.

2.5.2. CU:  Talent caps tube and places it in rack on benchtop, next to timer.  Talent starts timer counting down from 30 min.

2.6. Following the incubation, add 250 (L of transfection mixture drop-wise to the cells.  Then incubate at 5% CO2 at 37oC.

2.6.1. CU:  Talent adds transfection mixture to cells and medium, drop wise.

2.6.2. REUSE shot 2.2.3 Talent places plates in incubator

3. Cell preparation for Flow cytometry, Western blot and Immunofluorescence

3.1. 24-hours post transfection, check fluorescence under epifluorescence microscope.  The cells should express yellow fluorescence for BiFC signal and CFP fluorescence for reporting transfection efficiency.
3.1.1. MED:  Talent places flask on microscope stage

3.1.2. CU:  Talent looks through eye pieces of microscope

3.1.3. LAB MEDIA:  50529_Carnegie_IdealTransfection 
3.2. To prepare the cells for flow cytometric analysis, first wash them with 2 ml of ice-cold PBS.  Then, detach the cells by adding 250 (l of 0.05% trypsin. Incubate for 2-5 minutes at 37oC, then, using a microscope, check for cell detachment.

3.2.1. CU:  Talent washes cells and adds trypsin

3.2.2. MED:  Talent places flask on stage of microscope and looks through eye pieces.

3.3. Once the cells have detached, neutralize the trypsin with 1 ml DMEM.

3.3.1. MED:  Talent adds DMEM to neutralize

3.4. Next, transfer 250 (l of the cells to one microcentrifuge tube and 1 ml of cells to a second microcentrifuge tube and spin the tubes at 500g for 5 minutes.  The 250 (l sample will be further processed for flow cytometry.  Set the 1 ml sample aside on ice for western blot analysis, which should be performed in parallel. (Text overlay:  see text protocol for western blot instructions)

3.4.1. CU:  Talent transfers cells to microfuge tube

3.4.2. MED:  Talent places tubes in cf and closes the lid

3.4.3. CU:  Talent places the remaining cells on ice

3.5. Following the spin, resuspend the cells in 250 (l FACS buffer and place them on ice. Cells can also be fixed in 1% paraformaldehyde in PBS if flow cytometry analysis will not be immediate.

3.5.1. MED:  Talent pipettes FACS buffer onto cells

3.5.2. CU:  Talent resuspends pellet (Text:  fix in 1% PFA if flow cytometry analysis not immediate) Authors, please be sure to add recipe for FACS buffer to your original protocol.

4. Flow cytometry and immunofluorescence microscopy.

4.1. Here, flow cytometry is performed using a Beckman Coulter Cyan ADP, equipped with 488 nm, 405 nm, and 642 nm solid-state lasers.  Summit software is used for acquisition and analysis.

4.1.1. WIDE:  Talent initializing instrument for use

4.2. After calibrating the flow cytometer using standard beads, plot Forward scatter or “FSC” versus Sideward scatter “SSC” on a linear scale and gate on the live cell population. 

4.2.1. MED:  Talent places tube in loading port of instrument

4.2.2. SCREEN:  Events are collected on FSC vs SSC plot and talent gates on the live population

4.3. Next, plot SSC vs the voltage pulse width, and gate on the non-aggregated live-cell population.

4.3.1. SCREEN:  Talent generates an SSC vs voltage pulse width plot and gates on the non-aggregated live cell population

4.4. Then, plot FSC on a linear scale vs CFP fluorescence at 405 nm (FL6 on this instrument), on a log scale, and gate on the non-aggregated live CFP-positive cells.

4.4.1. SCREEN:  Talent plots CFP vs FSC and gates on the non-aggregated live CFP-positive cells

4.5. Finally, plot FSC on a linear scale vs YFP fluorescence, 488 nm (FL1 on this instrument), on a log scale to visualize BiFC intensity.
4.5.1. SCREEN:  Talent plots YFP vs FSC
4.6. Next, run the YFP-CFP double negative sample, and adjust the FSC, SSC, FL1 and FL6 photo multiplier tube or “PMT” voltage to set the threshold for each signal.
4.6.1. MED:  Talent places tube of cells in loading port of flow cytometer

4.6.2. SCREEN:  Talent adjusts FSC, SSC, FL1 and FL6 photo multiplier tube voltage to set the threshold for each signal

4.7. Next, run both YFP and CFP single positive samples for future off-line compensation.  Be sure to acquire at least 10,000 gated events.

4.7.1. CU:  Talent places tubes in loading port of flow cytometer (do 2 takes)

4.7.2. SCREEN:  events are collected for single positive YFP

4.7.3. SCREEN:  events are collected for single positive CFP  (Editor, circle the number of gated events, shown on screen during collection)

4.8. Finally, collect data for experimental samples.
4.8.1. USE 4.7.1 Talent places tubes in loading port of flow cytometer
4.8.2. SCREEN:  Events are collected for an experimental sample

5. Data analysis 
5.1. Following data collection, set up the analysis protocol as for 
acquisition with proper gating:  with Gate 1 in FSC/SSC dot plot for live cells … Gate 2 in FSC/pulse width dot plot of Gate 1 for non-aggregated live cells … and Gate 3 in CFP/FSC dot plot of Gate 2 for non-aggregated CFP positive live cells.

5.1.1. SCREEN:  Talent sets up the analysis as above

5.2. After, compensating for YFP and CFP signal in YFP/CFP dot plot using YFP and CFP single positive cells, re-determine the cut-off lines for CFP and YFP-positive cells.

5.2.1. MED:  Talent seated at computer performs compensation

5.2.2. SCREEN:  cut off lines for CFP/YFP positive cells are re-determined

5.3. Export the YFP mean fluorescence intensity or “MFI” of CFP positive cells to Excel for data-plotting.  Then, in excel, normalize YFP MFI to the expression level of AKAP-Lbc, PDE4D3 and loading control (-tubulin 

5.3.1. MED:  Talent opens data in Excel

5.3.2. CU:  Talent generates a plot of the data

6. Assessing AKAP-Lbc and PDE4D3 interaction using BiFC-Flow Cytometery
6.1. To determine the linear range of YFP mean fluorescence intensity, CFP was co-transfected with VN-AKAP-Lbc and varying amounts of VC-PDE4D3 in HEK293 cells and interaction was assessed using BiFC-Flow Cytometry as described in this video.

6.1.1. 50529_Carnegie_Figure 3D

6.2. This plot shows relative fold change in expression of VC-PDE4D3 as a function of VC-PDE4D3 transfected.  

6.2.1. 50529_Carnegie_Figure 3D

6.3. The mean fluorescence intensity of Venus in CFP positive cells, indicated by the blue squares, correlated with VC-PDE4D3 expression and was consistent with the expression levels determined by image analysis of a Western blot, which is indicated by the red triangles. 

6.3.1. 50529_Carnegie_Figure 3D (Editor highlight blue squares)
6.4. Similar CFP mean fluorescence intensity was seen among samples, as indicated by the green squares, and was used as a negative control to limit cell variations. 
6.4.1. 50529_Carnegie_Figure 3D (Editor highlight green squares)
6.5. These results validate the use of flow cytometry to quantify AKAP-Lbc-PDE4D3 interaction by measuring the mean fluorescence intensity of BiFC, while at the same time determining the proper amount of BiFC constructs used for screening.
6.5.1. 50529_Carnegie_Figure 3D
6.6. To map AKAP-Lbc binding sites within PDE4D3, BiFC analysis of AKAP-Lbc interaction with full-length PDE4D3-FL, the UCR1 region of PDE4D3, and UCR2 and CAT regions of PDE4D3 was assessed using this method. 
6.6.1. 50529_Carnegie Figure 1B
6.7. As seen here, expression of VN-AKAP-Lbc and VC-PDE4D3-UCR2+CAT results in lower BiFC signal when compared to VC- PDE4D3-FL and VC-PDE4D3-UCR1. 
6.7.1. 50529_Carnegie Figure 4B 
6.8. Similar protein expression was observed in all flow samples and mean fluorescence was normalized to the relative expression levels of AKAP-Lbc, PDE4D3, and α-tubulin. 
6.8.1. 50529_Carnegie Figure 4C
6.9. Therefore, normalized BiFC MFI indicates that there is no difference in the fluorescence intensity between AKAP-Lbc-PDE4D3-FL and AKAP-Lbc-PDE4D3-UCR1, but much lower signal for AKAP-Lbc-PDE4D3-UCR2+CAT interaction 
6.9.1. 50529_Carnegie Figure 4A
6.10. These results suggest that there are multiple regions in PDE4D3 that interact with AKAP-Lbc, and that PDE4D3- UCR1 is the primary region of interaction with AKAP-Lbc.  
6.10.1. 50529_Carnegie Figure4A 
7. Conclusion (said by authors on camera)
7.1. [Li Wang]: After watching this video, you should have a good understanding of how to study protein-protein interaction by flow cytometric analysis of BiFC.
7.1.1. Interview style
7.2.  [Li Wang]: While attempting this procedure, it’s important to remember to determine the correct amount of BiFC constructs used to obtain similar protein expression and linear BiFC response.
7.2.1. Interview style
7.3. [Li Wang] Following this procedure, other methods like peptide arrays can be performed in order to determine which amino acids within PDE4D3 are responsible for its AKAP-Lbc interactions.
7.3.1. Interview style
Provided Media
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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


