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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) No. It will not require recoding of video microscopy. 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) Yes, we will use web based primer design tool software. QuickTime video has been produced. Please see the attached media (52235_PetarGrozdanov_point2.mp4). 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps. Steps 1, 2, 5, and 6.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please see Steps 1 and 5.

1. Introduction (Schematic Overview and Interview)

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

Procedural Narrative:
The overall goal of this procedure is to use the Gibson assembly approach to create large, complex DNA constructs that combine short and long segments from several different DNA sources. (Intro)
First, computationally design the complete nucleotide sequence of the plasmids (P1) and then design overlapping primer sets

Next, DNA templates for the assembly reaction are amplified by PCR). (P2)

Next, a  purification of the PCR products is performed. (P3)

The final step is the assembly reaction, transformation of the resulting plasmids and plasmid clone verification. (P4)

Ultimately, _the Gibson assembly reaction_is used to develop in parallel plasmids that contain FLAG-tagged versions of the wild type and mutant CstF-64 proteins under the transcriptional regulation of the human elongation factor 1α promoter. (P5)




Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   

NOTE TO VIDEO-EDITORS: Schematic to come.

B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Petar Grozdanov: The main advantage of this technique over existing methods, like traditional DNA cloning, is that it can create in parallel similar in design wild type and mutant plasmids without sequential cloning steps.


Protocol (read by voice talent at JoVE):

2. In silico design:  Final plasmid and overlapping primers
2.1. Design a continuous nucleotide sequence to represent the final plasmid. Now list the actual plasmids and DNA fragments that will be used as templates in PCR. 
2.1.1. MED-over-the-shoulder: Talent opens Figure 1 on computer 
2.1.2. LAB MEDIA: Figure 3 top line and arrows to circular vector map

2.2. Order DNA fragments that are not readily available — such as different combinations of tags and promoters —as single or multiple synthetic double-stranded DNA fragments  [Text over video: <2Kb].
2.2.1. LAB MEDIA: Figure 3 top line: circle the small fragment with text (3xFLAG,??? And 72)

2.3. Next, divide the continuous nucleotide sequence of the final construct into DNA fragments suitable for PCR. Confirm that the fragments match available plasmids and synthetic DNA fragments.  Avoid DNA fragments smaller than 200 nucleotides.
2.3.1. LAB MEDIA: Figure 3 the middle circle vector and the red arrows going down to bottom panel.

2.4. Next, to access the primer generation tool, select the “Set Preferences” menu. In the “Change Gibson Assembly Settings” pop-up window, select the  “CHANGE PREFS” tab. 
2.4.1. SCREEN: Talent opens Gibson assembly software, selects the “Set Preferences” menu.
2.4.2. SCREEN:  In the “Change Gibson Assembly Settings” pop-up window, Talent selects the  “CHANGE PREFS” tab.

2.5. Then select the “Build Construct” menu to insert the split DNA fragments in the primer generation tool sequentially from the 5 to the 3 end. 
2.5.1. LAB MEDIA: 52235_PetarGrozdanov_point2.mp4 first window with pcDNA vector

2.6. Open the “Enter Vector or Insert Fragment” window, paste the first DNA fragment representing the 5 end of the vector DNA in FASTA format, and name this DNA fragment. Choose the appropriate way to obtain the DNA fragment, then  Click on the “CONTINUE” tab.
2.6.1.  - LAB MEDIA: 52235_PetarGrozdanov_point2.mp4 play until first click of continue tab.

2.7. If there is a need to add extra nucleotides/restriction sites at the junction of the final construct then open the “Add an insert fragment to the assembly” window. In the “Fwd or Rev primer spacer” areas enter the extra nucleotides/restriction sites to only one of the DNA fragments. Then click on the “DONE” tab.
2.7.1. - LAB MEDIA: 52235_PetarGrozdanov_point2.mp4 continue play until click of done tab.

2.8. Repeat for all of the fragments until the construct is complete. Select the “View Primers” menu and review the primer sequences. Also repeat for all constructs, vector backbones and inserts, or for DNA fragments that are different.
2.8.1. - LAB MEDIA: 52235_PetarGrozdanov_point2.mp4 fast forward to frame with five fragments and 7608bp figure on the right.
2.8.2. - LAB MEDIA: 52235_PetarGrozdanov_point2.mp4 from click of  view primers continue to the end

3. Amplification of the DNA fragments
3.1. Dilute the PCR primers to 10 µM in water or TE buffer. Then dilute all the DNA templates and single-stranded synthetic DNAs for the PCRs to 1 nanogram per microliter in water.
3.1.1. MED/CU: Talent dilutes a PCR primer to 10 µM in water. 
3.1.2. MED/CU: Talent dilutes a DNA template 1 nanogram per microliter in water and then places the tube in an ice bucket (show all other tubes and labels in bucket).

3.2. Assemble the PCR reactions at room temperature by combining 2.5 µl of 10 µM of each primer, 1 µl of the 1ng/µl template DNA fragment, 25 µl of hot start proofreading DNA polymerase, and 19 microliters of water.
3.2.1. CU/ECU: To a PCR tube, Talent adds 2.5 µl of 10 µM a primer, 1 µl of 1ng/µl of the template DNA fragment, 25 µl of hot start proofreading DNA polymerase and 19 microliters of water.

3.3. Mix the tube by gentle flicking and collect the liquid droplets by brief centrifugation. 
3.3.1. MED/CU: Talent gently flicks the tube. place in centrifuge
3.3.2. ECU: Talent removes the tube from a minifuge.

3.4. Amplify simultaneously, in separate tubes, the DNA fragments of similar size according to the recommendations for the DNA polymerase used. Perform 25 to 28 PCR cycles, or determine the number of cycles that produce sufficient DNA yield. 
3.4.1. MED/CU: Talent places several PCR tubes into the thermocycler. 
3.4.2.  CU/ECU: Talent starts run.

3.5. Resolve 5 µl of the PCR using standard agarose gel electrophoresis [Text over video:  0.2 µg/ml ethidium bromide]. Verify that a single DNA band representing the PCR product is visible. 
3.5.1. MED/CU: Talent loads 5 µl of the PCR on a standard agarose gel 
3.5.2. MED-over-the-shoulder:  Talent examines the gel on a UV box.

3.6. Determine the size and relative amount of the DNA fragments using the DNA molecular weight standards. If necessary, repeat the PCR to obtain a sufficient amount of DNA fragments.
3.6.1. LAB MEDIA: Figure 4A.
3.7. MED/CU: Talent excises a fragment out of the gel.

4. DNA purification using magnetic beads
4.1. Transfer the PCRs pre-digested with DpnI to 1.5 ml tubes and add 81 µL of DNA purification magnetic beads to each tube. Incubate the mixture at room temperature for 10 minutes.
4.1.1. CU/ECU: Talent transfers a DpnI digest of a PCR fragment to a 1.5 ml tube (show label on the tube). 
4.1.2. ECU: Talent adds 81 µL of DNA purification magnetic beads to a tube. And sets the reaction aside.

4.2. Place the tubes on the magnetic collector for 2 minutes. Now discard the clear liquid, wash twice with 200 µL of 80% ethanol for 30 seconds. 
4.2.1. CU/ECU: Talent places the tubes on the magnetic collector. 
4.2.2. ECU: Talent pipets out the clear liquid, 
4.2.3. CU: Talent adds 200 µL of 80% ethanol to the magnetic beads.

4.3. Then re-suspend the dried beads in 10 µL of 10 mM Tris-HCl, pH 8.0. After 2 minutes, spin briefly and then position the tubes on the magnetic collector for 2 minutes.
4.3.1. CU: Talent removes the tube of dried beads from the magnetic collector  and adds 10 µL of 10 mM Tris-HCl, pH 8.0. 
4.3.2. MED: Talent removes the tubes from the centrifuge and transfers them to the  magnetic collector.

4.4.  Remove 8.5 to 10 µL of the clear solution and place it in a new pre-labeled tube. 
4.4.1. CU: While the tubes are on the magnet, Talent removes 10 µL of the clear solution and places it in a new pre-labeled tube. 

4.5. Determine the concentration of the DNA fragments by UV spectroscopy.
4.5.1. [bookmark: _GoBack]MED: Talent measure the optical density of the sample by UV spectroscopy. CU/ECU: Talent places label on tube (show name, concentration, & date)


5. Assembly cloning reaction and transformation of the products in E. coli
5.1. Use at least 100 ng of DNA fragment representing the vector backbone or DNA fragment carrying the selective marker. Calculate the three-fold molar excess for the DNA fragments that will be used as inserts.
5.1.1. LAB MEDIA: Table 1 – headings and first line of  pcDNA line, circling  158, then add the remaining rows. 

5.2. Mix the calculated amounts of DNA fragments in a PCR tube, then adjust the volume to 10 µl. Add 10 µL of the Gibson Assembly master mix. Incubate the reaction at 50 C in a PCR thermal cycler [Text over video: 1 h for of 4–6 fragments, 15 mins for 2-3 fragments].
5.2.1. MED/CU: Talent adds the mutant fragment to a PCR tube, then adds water to make 10ul.
5.2.2.  ECU: Talent adds 10 µL of the Gilson Assembly master mix to the tube.
5.2.3.  MED/CU: Talent places the tube in thermocycler and starts a  50 C run.

5.3. Proceed with transformation of the assembly product in competent E. coli or freeze the products at -20 C until needed.
5.3.1. MED/CU: Talent transfers competent cells from -70 freezer to ice bucket containing the tube from the reaction. 

5.4. Follow the transformation procedure that accompanies the chemical or electro competent cells. Usually, use 2 µl of the assembly reaction per transformation reaction.
5.4.1. MED/CU: Talent approaches bench with ice bucket, then transfers 2ul of reaction to bacterial tube.

5.5. Finally, confirm the DNA cloning success by DNA sequencing using specific or standard primers.  Analyze the sequencing data for accuracy.
5.5.1. MED/CU: Talent labels tube  with construct name and  sequencing primer.
5.5.2.  SCREEN: Talent opens a sequencing chromatogram..


6. Results: Promoter of the Human Elongation Factor 1α 
6.1. This experiment was designed to clone Cleavage Stimulation Factor Protein 64 and also mutant CstF-64 proteins,  fused to a 3×FLAG-tag under the expressional regulation of the hEF1α promoter.
6.1.1. LAB MEDIA: Figure 2 right side, the vector circle only –highlight the CSTF64 red box, then highlight the text “3xFLAG” on the outer circle near the Hind III site, then highlight hEF1a1 and HEF 1a2 red boxes.
 
6.2. A plasmid containing hEF1α followed by a 3×FLAG-tag was not available to us. However, the following plasmids were available: pcDNA 3.1 myc-His, hEF1α-containing plasmid and mouse CstF-64 plasmids.
6.2.1. LAB MEDIA: Figure 3, top panel. 

6.3. The entire sequence for the construct(s) was assembled using the nucleotide and text editing applications. Subsequently, the sequence was split in four convenient pieces corresponding to the available plasmid DNAs.
6.3.1. LAB MEDIA: Figure 3 top and middle panels.
6.3.2. LAB MEDIA: Figure 3 middle and lower panels.


6.4. The four DNA fragments for the assembly reactions were amplified by PCR.  Resulting plasmids from individual clones were amplified and analyzed by restriction enzyme digestion for proper assembly into the pcDNA vector.  Select clones were then verified by sequencing.
6.4.1. LAB MEDIA: Figure 4A.
6.4.2. LAB MEDIA: Figure 4B.
6.4.3. LAB MEDIA: Figure 4C.


7. Conclusion (said by authors on camera)

7.1. Petar Grozdanov: Once mastered, the assembly technique, including plasmid and primer design, subsequent PCR and clone verification, can be performed within 5 days — excluding the time for primer and synthetic DNA synthesis and delivery. 


Provided Media
Insert your media filenames here.
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