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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)______Y___  
Can you record movies/images using your own microscope camera? (Y/N)___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 prefer the Leica stereomicroscope MZFLIII because it allows simultaneous filming (using separate detector channel) and viewing (using binocular). We also have other Leica stereomicroscopes (MS5, MZ6), but filming has to be done via one of the oculars, which is not ideal. We also need to make images/movies on a Olympus CKX31 microscope. 
B.   Software Usage: 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 individual steps using the step numbers listed in this document. (Please do not list entire sections.) Plug checking (3.4, 3.5), flushing blastocyst (3.7, 3.8), handling blastocysts (3.9), picking ICM outgrowths (4.3), picking targeted colonies (5.4) ____
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.) ________ NA___________________
E.  Will the filming need to take place in multiple locations? (Y/N) ___ N ____ If yes, how far apart are the locations? __

NOTE FOR VO TALENT: Pronunciation guide:

ROSA26 = [RO-zuh twenti 'sɪks]
p120ctn = [pi wʌn twenti ka-tēn′in]
CAAX = [kaːʃ]

1. Introduction (Experimental Goal and Author Interviews) 

A. Experimental Goal: (read by voice talent at JoVE)

The overall goal of this structure-function method is to dissect at the molecular level the role of different protein domains or disease-relevant mutations in naïve or differentiated mouse embryonic stem cells. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Tim Pieters: This method can help to reveal how different residues or domains of a protein contribute to its function in a given cellular context. (take 2)
1.2. Tino Hochepied: The main advantage of this technique is that it allows very efficient targeting of rescue constructs to the genome of knock-out embryonic stem cells, or ES cells, and the investigation of their role in different cell types.   (take 2)
1.3. Tim Pieters: To achieve this, we combine three highly efficient technologies. These include improved mouse ES cell isolation, recombination-based targeting vector assembly and ES cell targeting via recombination-mediated cassette exchange, or RMCE.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.4. ** Tino Hochepied: Demonstrating some of the procedures will be Jinke D’Hont, a technician from my laboratory.  
1.4.1. Interview style: Author saying the above 
1.4.2. 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, national and European animal regulations.


Protocol: (read by voice talent at JoVE)

2. The RMCE principle
2.1. Recombination-mediated cassette exchange, or RMCE, allows the interchange of DNA fragments between a vector and a genomic locus. RMCE takes advantage of heterospecific recombination sites that do not cross-react and that are embedded in a genomic locus [1-LM]. 
2.1.1 -LAB MEDIA: 55575_Pieters_Figure1_Top.tiff  


2.2. In the presence of a donor plasmid that contains a DNA fragment flanked by the same heterospecific sites, the recombinase will insert this DNA fragment into the RMCE-compatible genomic locus because of double-simultaneous translocation [1-LM]. 
         2.2.1-LAB MEDIA: 55575_Pieters_Figure1_middle.tiff
    2.3. Only upon correct recombination, the ‘trapped’ promoter-less Neomycin resistance gene in the ROSA26 docking site will be restored via a PGK promoter in the incoming targeting vector, which renders drug resistance. This Neomycin resistance trap system results in a very high targeting efficiency, often close to 100% [1-LM]
2.3.1 -LAB MEDIA: 55575_Pieters_Figure1_bottom.tiff

3. Isolation of RMCE-compatible knockout mouse ES cells 
3.1. The day before blastocyst isolation, add 0.1% gelatin to 12-well culture plates [1-WIDE/MED] and incubate them at 37 C for 5 minutes [2-WIDE].  Aspirate the gelatin solution, then seed one quarter of a vial of P2 mouse embryonic fibroblasts, or MEFs into MEF medium and divide over the 12-well plate [3-MED/CU-TXT]. 
3.1.1. Talent opens plates on work bench under hood and adds gelatin
3.1.2. Talent places plates in incubator
3.1.3. Talent finishes aspirating solution, picks up vial of P2 MEFs and seeds into wells (TEXT: Cells isolated from Tg(DR4)1Jae/J mice with four drug-selectable genes) (take 1 : MED, take 2 : CU))
3.2. Incubate the 12-well plates of MEFs in 2 ml of MEF medium at 37 C [1-WIDE] and grow the cells to a confluent monolayer [2-LM].  Then add 10 g/mL of mitomycin-C to the wells [3-MED/CU] and incubate the cultures for three hours at 37 C to inactivate the cells [4-WIDE].  
3.2.1. Talent places cells in incubator
3.2.2. LAB MEDIA: 55575_Pieters_Picture of confluent MEF layer.jpg
3.2.3. Talent adds mitomycin C
3.2.4. Talent places cells into incubator
3.3. After selecting heterozygous knockout mice containing an RMCE cassette in the R26 locus according to the text protocol, set up matings to breed RMCE-compatible heterozygous knockout mice with heterozygous knockout mice [1-LM]. 
3.3.1. LAB MEDIA: 55575_Pieters_Figure 2A part1-3.tiff, Editor, for the first part of the sentence, begin with the left hand mouse in part 1.  Then for the remaining narrative, add in the X and the KO mouse from part 1 then bring in part 2 and then part 3.
3.4. The following morning, check for copulation plugs by lifting the female by the base of the tail [1-LM] and examine the vaginal opening for a whitish mass [2-LM]. If the plug is difficult to see, with an angled probe, slightly spread the lips of the vulva [3-LM].  Then separate the plugged females from their males [2-MED/CU].
3.4.1. , Use LAB MEDIA: 55575_Pieters_Movie plug checking part1.mov (use first 15 s)
3.4.2. Use LAB MEDIA: 55575_Pieters_Movie plug checking part2.mov (use from 20 s onwards until the end of the first sentence)
3.4.3. Use LAB MEDIA: 55575_Pieters_Movie plug checking part3.mov (use from 13s onwards)
3.5. To collect blastocysts at 3.5 days postcoitus, or dpc, after euthanizing the pregnant females [1-MED/CU-TXT], make a midventral incision and use fine scissors and forceps to dissect the uterus and oviduct [2A/B-CU/ECU].
3.5.1. Talent places euthanized pregnant female on work bench (TEXT: Refer to text protocol for details)
3.5.2. Talent makes midventral incision and 
3.5.2B ADDED: dissects uterus and oviduct
3.6. Next, bend a 23-gauge needle into a 45-degree angle attached to a 1 ml syringe filled with M2 medium [1-CU] and insert the needle into the end of the uterus that is closest to the oviduct [2-SCOPE].
3.6.1. Talent finishes bending 23-gauge needle at 45-degree angle, then attaches needle to syringe with M2 medium (take 2 closer + CU at the end of the result)
3.6.2. Talent inserts needle into end of uterus that is closest to oviduct (take 2)
3.7. Use fine forceps to hold the needle in place while pushing the plunger to flush the blastocysts from the uterus into the lid of a 10-cm dish [1-SCOPE].  The uterus will swell if the flushing is successful [2-SCOPE].
3.7.1. Talent uses forceps to hold needle in place and pushes plunger and blastocysts are flushed into lid of dish (included in 3.6.2) 
3.7.2. The uterus is shown swelled from the flushing (included in 3.6.2)
3.6.2B ADDED: EXTRA MED talent Editor – use if needed/possible
3.8. Use a mouth pipette to collect all the embryos in a drop of M2 medium [1-SCOPE-TXT], and wash the embryos twice in a drop of M2 medium [2-ECU]. 
3.8.1. Talent uses mouth pipette to collect embryos (TEXT: 100 – 200 m diameter)
3.8.2. Talent washes embryos in drop of M2 (included with 3.8.1)
3.8.1B EXTRA CU Editor – use if needed/possible
4. Isolate RMCE-compatible knockout ES cells 
4.1. Immediately after washing the embryos, use PBS to wash the mitomycin-C inactivated cells twice [1-MED/CU].  Then using a mouth pipette, plate each blastocyst onto a separate well of the mitomycin-C treated MEFs in SR-ES cell medium supplemented with pluripotin or 2i [2-ECU-TXT].
4.1.1. Talent aspirates medium, adds PBS, aspirates PBS and adds SR-ES medium 
4.1.2. Talent uses mouth pipette to plate a blastocyst onto a well of MEFs Have medium visible and labeled in frame if possible (TEXT:  2 mL/well; refer to text protocol for details)
4.2. Incubate the cultures at 37 C and 5% CO2 [1-WIDE].  Refresh the SR-ES cell medium every 2 – 3 days [2-MED/CU].  Examine each blastocyst under a stereomicroscope at 4X magnification and check for hatching and attachment to the MEF layer [3-LM]. 
4.2.1. Talent places cultures into incubator (take 2)
4.2.2. Talent replaces medium + CU
LAB MEDIA: 55575_Pieters_Hatched ICM outgrowth part1.tiff, 55575_Pieters_Hatched ICM outgrowth part2.tiff
4.3. After 10-12 days of culture, under a stereomicroscope [2-LM], use a P10 pipette with disposable tips to pick individual ICM outgrowths [1-MED].  Transfer each outgrowth into approximately 10 L of medium to a V-shaped, 96-well plate containing 30 L/well of PBS [3-ECU].
4.3.1. Talent at scope picks outgrowths
4.3.2. 55575_Pieters_Figure DIV12 ICM outgrowth.tiff (to show before 4.3.1)
4.3.3. Talent transfers outgrowth into well of a V-shaped plate with PBS (included with 4.3.1)
4.4. Using a multichannel pipette, add 50 L of 0.25% trypsin to each well [1-CU] and incubate the plate at 37 C and 5% CO2 for 3 minutes [2-WIDE].
4.4.1. Talent adds trypsin to each well of plate (take 2)
4.4.2. Talent places plate into incubator
4.5. Add 100 L of pre-incubated FBS-containing ES cell medium and dissociate the ICM outgrowths into single cells by pipetting 10-15 times [1-CU]. Then transfer the dissociated cells to mitomycin-C treated, 96-well MEF plates [2-CU].
4.5.1. Talent adds ES medium/FBS and pipettes up and down 10-15 times
4.5.2. Talent transfers dissociated cells to mitomycin-C treated MEF plates (with 4.5.1)
4.6. The following day, change the SR-based medium.  Expand the ES cells in a similar fashion from 24- to 6-well plates [1-MED/CU-TXT]. 
4.6.1. Talent changes medium (TEXT: Make 3 – 4 freezings from a confluent 6-well plate)
5. Generation of an RMCE-compatible Targeting Vector Using Recombination Cloning
5.1. After identifying rescued cDNA vectors according to the text protocol, prepare a 10 L LR reaction using 100 ng of rescue cDNA vector, 150 ng of Cre-excised RMCE-DV1 vector [1-CU], and 2 L of recombinase mix containing a phage-encoded integrase, an excisionase and a bacterial integration host factor [2-CU]. Incubate the reaction at 25C for two hours [2B-CU]. 
5.1.1. Talent adds rescue cDNA vector to reaction tube then adds Cre-excised RMCE-DV1 vector
5.1.2. Talent adds recombinase mix – have the different components of the mix in the background (cut before the tube is put into ice)
5.1.2B place the tube in a rack
5.2. To transform the recombined vectors, add 5 L of each mixture to 40 L of heat shock competent E. coli bacteria in a 2-ml skirted, screw-cap tube [1-CU] and incubate the sample on ice for 20 minutes [2-MED/CU].  Then incubate the cells at 37 C for 5 minutes [3-WIDE/MED].
5.2.1. Talent adds each mixture to E. coli comp cells in screw cap tube includes 5.2.2
5.2.2. Talent places tube on ice in 5.2.1
5.2.3. Talent places transformation mix in 37 C heat block or into incubator
5.3. Add 1 mL of LB medium to the tube [1-CU] and incubate the cells at 37 C for 1 hour [2-WIDE]. Plate 50 L on agar plates with ampicillin and grow at 37 C overnight [3-MED/CU-TXT].
5.3.1. Talent adds LB medium to tube
5.3.2. Talent places cells into incubator
5.3.3. Talent plates cells onto agar plates with ampicillin (TEXT: 100 g/mL) (TEXT: 37 C overnight); Editor, use the first text note for the ampicillin and the second for the overnight incubation at 37 C.
5.4. Identify colonies with the correct targeting vector by using a p200 tip to randomly picking 5 colonies [1-CU].  Transfer the tip to a glass test tube containing 2-5 mL of LB medium [2-CU] and grow overnight at 37 C [3-WIDE]. 
5.4.1. Talent uses a p200 and picks the last of 5 colonies (MED with transfer at the end)
5.4.2. Talent transfers colony into a test tube and places it next to other tubes with colonies
5.4.3. Talent places tubes into incubator
5.5. After extracting the DNA from each colony, validate the samples by digesting 0.5 – 2 g of DNA and separate the samples on a 1% agarose gel [1-LM]. 
5.5.1. LAB MEDIA: 55575_Pieters_Figure RE digest.tiff
6. RMCE-mediated ES cell Targeting of Rescue Constructs to the R26 Locus and Differentiation of ES cells in Embryoid Bodies
6.1. Start a culture of RMCE-compatible knockout ES cells and passage them at least twice on MEFs in FBS-based ES cell medium [1-MED/CU-TXT]. Then split the ES cells on a gelatinized 6-well plate [2-CU].
6.1.1. Talent passages ES cells (TEXT aspirate medium, wash with PBS, dissociate with trypsin, add MEF medium, centrifuge, remove supernatant and resuspend pellet).
6.1.2. [bookmark: _GoBack]Talent aspitrates medium from 15 ml tube and splits ES cells onto wells of a gelatinized 6-well plate 
6.2. The following day, use 1.5 mL of FBS-based ES cell medium to refresh the ES cells, to about 50% confluency [1-LM].  Combine 1 g of Cre-excised RMCE-DV1 targeting vector containing rescue cDNA and 1 g of FLPe-expression plasmid in 250 L of pure DMEM medium [2-CU]. Add 7 L of lipofection-based transfection reagent to 250 L of pure DMEM medium and incubate the solution for 5 minutes at room temperature [3-MED/CU].
6.2.1. LAB MEDIA: 55575_Pieters_figure 50%confluency.JPG
6.2.2. Talent combines Cre-excised targeting vector and FLPe-expression plasmid in DMEM
6.2.3. Talent adds transfection reagent to DMEM and sets reaction on bench to incubate
6.3. Combine the DNA and lipofection solutions and incubate the mixture at room temperature for 20 minutes [1-MED/CU]. Then pipette the transfection mixture onto the refreshed ES cells and gently swirl [2-CU-TXT].
6.3.1. Talent combines DNA and lipofection solutions and sets on bench to incubate
6.3.2. Talent pipettes transfection mixture onto refreshed ES cells and gently swirls (TEXT: Incubate  at 37 C overnight)
6.4. One day after transfection, split all ES cells from the tube to a 10-cm culture dish with a confluent layer of DR4 MEFs and 10 mL of FBS-based ES cell medium [1-CU].
6.4.1. Talent splits ES cells from tube to 10 cm dish of DR4 MEFs with ES/FBS cell medium
6.5. Two days after transfection, select ES cell clones with the correct FLPe-mediated cassette exchange by adding G418 to the medium [1-MED/CU-TXT].
6.5.1. Talent adds G418 to medium (TEXT: Final concentration 0.2 mg/mL; determine optimal concentration using a kill curve; Refresh G418-containing ES cell medium daily)
6.6. As shown here, massive killing of non-targeted colonies should be visible after 3-5 days. Colonies should appear after 7-10 days [1-LM].  Pick these colonies then expand them and verify the clones as demonstrated earlier in this video [2-MED/CU].
6.6.1. LAB MEDIA: 55575_Pieters_Figure selection.JPG 
6.6.2. Talent picks colonies and places into medium to expand (take 4 ECU) + (SCOPE with slating at the end)
6.7. To differentiate ES cells into embryoid bodies, or EBs, after culturing knockout ES cells with R26-driven rescue constructs according to the text protocol, allow EBs to form in the non-adherent dishes for 30 days [1-LM].
6.7.1. LAB MEDIA of EBs in non-adherent dish, **Authors to provide image** (CU)
6.8. Refresh the medium every 2 – 3 days by transferring the EB suspension to a 50-ml tube and let the EBs settle by gravity [1-CU/ECU].  Remove the supernatant, add fresh medium, and transfer the EB suspension to a bacterial grade dish.  Analyze the ES cells and EBs by immunofluorescence and TEM according to the text protocol [2-MED/CU].
6.8.1. Talent transfers EB suspension to tube and EBs are seen settling
6.8.2. Talent removes supernatant and adds fresh medium then transfers to a bacterial grade dish; Videographer, get enough footage for the last sentence.


7. Results: Cystic EB Formation using Recombinase Mediated Cassette Exchange 

7.1. Using this structure-function method, five Cre-excised RMCE-DV1 targeting vectors were generated with an efficiency of 100% and these rescue constructs were targeted via RMCE to p120ctn knockout ES cells with an efficiency of 97% [1-LM]. 
7.1.1. LAB MEDIA: 55575_Pieters_Table 2 part 1.tiff, 55575_Pieters_Table 2 part 2.tiff, 55575_Pieters_Table 2 part 3.tiff, Editor, add in part 1 at the beginning of the narrative, then replace it with part 2 for ‘with an efficiency of 100%’ then replace with part 3 for ‘with an efficiency of 97%.’
7.2. Cystic EB morphology can be used as a phenotypic readout to screen different rescue constructs [1-LM]. As proof of concept, R26-driven p120ctn isoform 1A rescued the p120ctn knockout phenotype [2-LM].
7.2.1. LAB MEDIA: 55575_Pieters_Figure 4 part 1.tiff
7.2.2. LAB MEDIA: 55575_Pieters_Figure 4 part 4.tiff, 55575_Pieters_Figure 4 part 2.tiff, 55575_Pieters_Figure 4 part 3.tiff, Editor, add these in one at a time next to part 1.

7.3. To test whether E-cadherin-independent membrane anchoring of p120ctn enabled cystic EB formation, the K-Ras membrane-targeting motif, CAAX, was fused to the carboxy terminus of p120ctn, and introduced via RMCE to p120ctn knockout ES cells, before EBs were made from them [1-LM]. 
7.3.1. LAB MEDIA: 55575_Pieters_Figure 4 part 5.tiff, Editor if there is too much information here to show in frame, use the right hand side of this figure that begins with the Rescue 2 text and green and blue bar below it, then add in the two top panels below it of the p120ctn green and black ‘Control’ and ‘R p120_1A_CAAX’, one at a time from left to right.  If there is room, include the left side of the figure from the beginning.  Otherwise, leave it out for the next two steps as well.

7.4. However, this construct serves a dominant negative that does not allow binding and stabilization of E-cadherin [1-LM] and, as a consequence, does not rescue the p120ctn knockout phenotype [2-LM].
7.4.1. LAB MEDIA: 55575_Pieters_Figure 4 part 5.tiff, Editor, add in the two bottom panels underneath the top panels one at a time and use an arrow to point out the lack of E-cadherin signal in the small box in bottom right panel.
7.4.2. LAB MEDIA: 55575_Pieters_Figure 4 part 6.tiff, Editor, add in the graph of the three bars in part 6 underneath the 4 black and green panels from part 5, rather than replacing them.

7.5. Epithelial-mesenchymal transition, or EMT is an essential developmental process that also occurs during ES cell differentiation.  When expressed in p120ctn knockout ES cells, the EMT inducers ZEB1, ZEB2, or Snail [1-LM], that can directly repress various epithelial marker genes like e-cadherin, failed to restore cystic EB formation [2-LM].
7.5.1. LAB MEDIA: 55575_Pieters_Figure 4 part 7.tiff, Editor, replace the right hand side (Rescue 2) with the Rescue 3 green bars and the top two panels from the ‘control’ and ‘p120ctn-/-‘ below it.
7.5.2. LAB MEDIA: 55575_Pieters_Figure 4 part 8.tiff, Editor, add in the bottom two panels from the ‘control’ and ‘p120ctn-/-‘ from part 7 and then the black and white bar graph from part 8 below it.  

8. Conclusion (said by authors on camera)
8.1. Tino Hochepied: Once mastered, RMCE-compatible ES cells can be isolated within 1 month, RMCE-compatible targeting vectors can be generated within 1 week, and targeted “rescue” of ES cells can be achieved within one month using this technique, if it is performed properly.
8.2. Tim Pieters: After watching this video, you should have a good understanding of how to use RMCE to perform structure-function studies in naïve or differentiated ES cells. 


Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 
6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.


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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