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Authors, please fill out the brief questionnaire below.   
A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___No______  
Can you record movies/images using your own microscope camera? (Y/N)___No____  
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: _____________________________________________
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__Yes___ 
C.  Location: Will the filming need to take place in multiple locations? (Y/N) __No__ If yes, how far apart are the locations? ___________________________________________________ 
All the steps required on the protocol will take place inside the same laboratory. The different rooms on the lab are about 30 steps away from each other.
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.) ___________________________
Step 1.3 (selection of breaking regions). Align the two wild-type gene sequences (e.g. clustal or MUSCLE), select breaking regions according to the biological design. In case that there is no possibility of introducing restriction enzyme site into the desired breaking region: 1) move the region one amino acid at a time, or 2) design overlapping oligonucleotides in order to fuse the wild-type genes at the exact desired region. The insertion of restriction enzyme site inside the ampR gene should represent no problem. 
Step 1.9 (DNA band purification). Separate completely the DNA bands by electrophoresis and then cut the desired band and purify it using an appropriate kit.
E.  Will the filming need to take place in multiple locations? (Y/N) __No___ If yes, how far apart are the locations? ___________________________________________________
1. Introduction (Experimental Goal and Author Interviews) –  
A. Experimental Goal: (read by voice talent at JoVE)
This video demonstrates a procedure called “chimera assembly by plasmid recovery and restriction enzyme site insertion” or “CAPRRESI," in in which two chimeric genes are generated by introducing specific restriction enzyme sites into synonym DNA and then cutting and swapping the DNA sequences. (Intro)
1. Overview of the Method

1.1. In CAPRRESI, the wildtype genes of interest are first inserted into the multiple cloning sites of the same vector [1-LM]  Next, break regions for each gene with the same amino acid sequence are selected,  and a break region for the ampicillin resistance gene is selected.  [2-TXT]
1.1.1. LAB MEDIA: Figure 1 Step 5 

1.1.2. TEXT ON SCREEN:  Insert the text below and highlight the first three columns

Gene
AA 
DNA Seq
 AA 
New DNA Seq
  RE
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AACTTAAGG 
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SigA    
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AACCTTCGC( NLR 
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  AflII 

ampR 

TLV  
ACGCTGGTG(TLV
ACACTAGTG
  SpeI

1.2. Perl scripts are used to determine synonym sequences containing restriction sites for each break region. [1-TXT]
1.2.1. TEXT ON SCREEN: Insert the text below and highlight the last 3 columns
Gene
AA 
DNA Seq
 AA 
New DNA Seq
  RE
RpoD  
NLR  
AACTTACGT( NLR 
AACTTAAGG 
  AflII  
SigA    
NLR 
AACCTTCGC( NLR 
AACTTAAGG 
  AflII 

ampR 
TLV  
ACGCTGGTG(TLV
ACACTAGTG
  SpeI

1.3. Using specially designed oligos, PCR is performed to produce four complementary parts that contain synonym DNA with the desired restriction enzyme sites. [1-LM] The resulting PCR products are purified, digested, [2-LM] and then ligated to produce a chimeric sequence. [3-LM]
1.3.1. LAB MEDIA:  Figure 1 -bottom right corner, unlabeled image 

1.3.2. LAB MEDIA: Figure 1- Step 6

1.3.3. LAB MEDIA: Figure 1 - Step 7

2. Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
2.1. Orlando Santillán: The main advantage of this technique is that it facilitates gene fusions. [1-MED]
2.1.1. Interview style 
2.2. Orlando Santillán: This method can help answer key questions in the Molecular Biology field, such as: what are the functions of a protein’s domains? [1-MED]
2.2.1. Interview style
3. CAPRRESI Oligonucleotide Design
3.1. Begin this procedure with the genes of interest already inserted into the multiple cloning sites of the vectors. Here, the rpoD and sigA genes, which encode bacterial sigma factors needed to initiate RNA synthesis, have each been cloned into pUC18 as detailed in the accompanying text. [1-LM-TXT] 
3.1.1. LAB MEDIA: Figure 1- Step 5 (change text from geneA and geneB to “rpoD” and “sigA” 
3.2. To design the oligonucleotides for producing the chimeric protein, [1-MED] first, run the translate.pl Perl script to obtain the amino acid sequence of rpoD, sigA, and the ampR genes.  [2-SCREEN]
3.2.1. Talent seated at computer runs the script to obtain the sequences
3.2.2. SCREEN CAPTURE:  Talent runs the translate.pl Perl script and obtains the sequences as described above
3.3. Then, using the MUSCLE webserver, align the amino acid sequences of rpoD and sigA. For each sequence, select a break region with the same 3-6 amino acid sequence.  Save these sequences in the file regions.fas. [1-SCREEN]
3.3.1. SCREEN CAPTURE- Capture as described above Zoom of the break region: NLR.
3.4. Next, select a 3–6 amino acid long sequence inside the ampR gene.  Save this sequence in the file regions.fas.   [1-SCREEN]
3.4.1. SCREEN CAPTURE- Capture as described above Zoom of the break region: TLV.
3.5. To determine all the synonym DNA sequences, run the Perl script synonym.pl.  Then, to find which restriction enzymes cut the synonym sequences run the script REsynonym.pl. [1-SCREEN]
3.5.1. SCREEN: Capture as described above 
3.6. Next, use the synonym DNA sequences to design oligonucleotides that incorporate the same restriction enzyme site into the break regions of rpoD and sigA.  Design an oligonucleotide to disrupt the ampR gene that incorporates a different restriction enzyme site. [1-TXT]
3.6.1. TEXT: 


Gene
AA 
DNA Seq
 AA 
New DNA Seq
  RE
RpoD  
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AACTTACGT( NLR 
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SigA    
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AACTTAAGG 
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ACGCTGGTG(TLV
ACACTAGTG
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3.7. The forward and reverse oligonucleotides will overlap at the restriction enzyme site. Oligonucleotides should range from 21-27 nucleotides, end with a cytosine or guanine, and contain a restriction enzyme site. [1-LM]
3.7.1. LAB MEDIA:  oligodesign_breakregion.docx (Authors please provide this as an image file)  Editor use this part:
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3.8. A forward oligonucleotide has the same sequence as its target region on the template DNA. A reverse oligonucleotide is the reverse complementary sequence of the target region on the template DNA. [1-LM]  Order the oligos from a DNA synthesis provider.
3.8.1. LAB MEDIA: oligodesign_breakregion.docx (use same portion shown above, authors should provide it as an image file)
4. Plasmid disruption by PCR followed by restriction enzyme digestion. 
4.1. When the oligonucleotides arrive, use them to perform PCR using the rpoD and sigA- pUC18 constructs as template DNA.  [1-MED-TXT]  This will produce two complementary parts for each construction. [2-LM]
4.1.1. Talent places tubes in thermocycler (Text overlay: see the accompanying text for protocol details)
4.1.2. LAB MEDIA: Figure 1, step 6  (Text Overlay: (pUC18rpoDσ1-σ2, pUC18rpoDσ3-σ4, pUC18sigAσ1-σ2, and pUC18sigAσ3-σ4)
4.2. Following PCR, perform agarose gel electrophoresis to separate the PCR products from the DNA template. 
4.2.1. Talent loads agarose gel 
4.3. Orlando Santillán: “Purification of complementary plasmid parts is crucial to avoid parental plasmid contamination. The parental plasmids can be eliminated by gel purification as we are demonstrating here, or by DpnI restriction enzyme digestion, which can be used to chop up the parental plasmid.” 
 [1-MED-TXT]
4.3.1. Talent looks up and says the above line.  Text overlay: DpnI recognizes only methylated DNA sequences (5’-GATC-3’). Additional shot also taken in conference room due to background noise
4.4. After electrophoresis, stain the gel with ethidium bromide solution.  [1/1b-MED-TXT] 
4.4.1. Talent adds with ethidium bromide-containing water to gel (split shot)
4.4.1b …and places it on a horizontal shaker and turns it on. Text overlay: Caution! Ethidium bromide is a toxic compound; wear protective gloves and a cotton laboratory coat. 

4.5. Visualize the bands by placing the stained gel in a UV chamber at 300 nm. Keep the exposure of the gel to a minimum. [1-MED-TXT]  Then cut out the bands containing the PCR products and place them in microcentrifuge tubes. [2-CU]
4.5.1. Talent places the gel in a UV chamber. Text overlay: Caution! UV radiation is dangerous; wear a protective shield, glasses, and a cotton laboratory coat.
4.5.2. Talent cuts out the appropriate bands and places them in test tubes. May be slated 4.5.1b
4.6. Use a kit to purify the DNA samples, [1-MED] then using the appropriate fast-digest restriction enzymes, perform a double-digest on all of the complementary DNA fragments. Here, AflII and SpeI are used. [2-CU]
4.6.1. Talent performs a recognizable step of DNA purification. Split into multiple shots Editor – please use a clip or a couple clips just to represent the technique, it shouldn’t matter exactly what (SEE PHOTO AT END OF SHOTLIST for info on each shot. We do not need this level of detail as this is simply using a kit)
4.6.2. Talent adds restriction enzymes to tube 
4.7. Incubate the digestion reaction at 37 °C for 15 min. [1-MED] Then, inactivate the restriction enzymes according to the manufacturer’s guidelines. For example, inactivate AflII–SpeI at 80 °C for 20 min. [2-MED]
4.7.1. Talent places reactions in incubator
4.7.2. Talent places the samples in a heat block slated 4.6.2 accidentally
5. Plasmid recovery using DNA ligation and bacterial transformation
5.1. Next, combine the appropriate DNA fragments with ligation buffer, water, and T4 DNA ligase. Leave the ligation reaction at 25 °C for 10 min. [1-CU]
5.1.1. *Film as written 
5.2. Orlando Santillán: “In this way, the integrity of the ampR gene is restored, producing a functional protein.” [1-MED]
5.2.1. Talent looks up from working and says the above line several takes due to background noise – use the one with correct pronunciation of AmpR
5.3. Following the ligation, transform E. coli DH5α with 3-5 μL of the chimera assembly ligation reaction [1/1A-MED]. Plate the transformant cells in LB/Ampicllin/X-gal/IPTG plates [2-CU] and incubate them overnight at 37 °C. [3-MED]
5.3.1. Talent transforms DH5α 
5.3.1A: Added: adding liquid media required for plating cells
5.3.2. Talent plates the cells
5.3.3. Talent places the plates in an incubator
5.4. The next day, select white-colored transformant E. coli colonies and streak them onto a new LB/Ampicillin plate. [1-CU] Incubate the plates overnight at 37 °C. [2-MED]
5.4.1. Talent chooses a colony and streaks it onto a new plate
5.4.2. Talent places is the plate in an incubator
5.5. To choose candidates for sequencing, perform colony PCR. [1-MED] Visualize the bands on a 1-1.2% agarose gel by performing electrophoresis as before. [2-MED]
5.5.1.  Talent places tubes in thermocycler
5.5.2. Talent loads an agarose gel use 4.2.1
5.6. Select candidate colonies that display the DNA band of the correct size to inoculate cultures. [1-CU] The next day, extract the plasmid DNA from them using a kit.  After plasmid purification, send the samples to be sequenced. [2-MED] 
5.6.1. Talent inoculates cultures
5.6.2. Talent extracts plasmid DNA using a kit split into multiple shots, SEE PHOTO AT END OF SHOTLIST – just use clips from a few different shots, as before.
6. Results:  Example sequence of assembled gene
6.1. rpoD, sigA chimeric constructs were generated as detailed in this video.  Following sequencing, alignment of wild-type and chimeric genes was performed using MUSCLE software. [1-LM]
6.1.1. LAB MEDIA: 55526_OrlandoSantillan_Figure_02_new.jpg (highlight the synonym sequences shown in black, then highlight the AflII site.
6.2. The chimeric gene sequences were then assembled with MIRA software as shown here.  Synonym sequences appear in black and AflII site appear underlined.  This sequencing data demonstrates successful use of the CAPRRESI method to generate chimeric constructs. [1-LM]
6.2.1. LAB MEDIA: 55526_OrlandoSantillan_Figure_02_new.jpg
7. Conclusion (said by authors on camera)
7.1. Orlando Santillán: After watching this video, you should have a good option for fusing gene segments. [1-MED]
7.1.1. Interview style
Provided Media
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oligodesign_breakregion.docx
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.[image: image2.jpg]DiRsolve AGAroSE o) Rond
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