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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)__ No - this protocol has no microscopy  (If you can record images/videos using your own camera/software, then mark No)   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 DNA design software. We are comfortable doing screen recordings with QuickTime.

 If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.

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.) __ The following protocol steps will be both visually interesting and practically useful: 3.2, 3.4, 4.2, 4.3, 4.4

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.) _ Step 3.2 is the most difficult. The cotransformation can make the cells sick, so it is important to handle them delicately and make sure their growth conditions are otherwise optimal. This means, for example, making sure the cells are well mixed and have access to oxygen.

E.  Will the filming need to take place in multiple locations? (Y/N) _ No, the filming will take place in one location.

1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

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

The overall goal of this procedure is to knock down genes of interest in a growing population of E. coli. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

Vincent: Gene knockdowns are often used to explore basic questions of gene function. These methods may also have applications in synthetic biology, for example in silencing unwanted genes like virulence factors. (take 2)
Aude: The main advantage of this technique is that it can be performed in batch cultures of E. coli without prior genetic modification, with results observable after a few hours. (take 1)
Protocol (read by voice talent at JoVE):

2. Site Directed Mutagenesis on sRNA Expression Cassette
2.1. To begin, using a plasmid containing an sRNA expression cassette, designed according to the text protocol, carry out site directed mutagenesis on the sequence by first identifying the 24 bp GUIDE sequence in the expression cassette [2.1.1-LM]. 
2.1.1. LAB MEDIA Figure 1, Editor, begin with the pAB.001 circular structure near the top left.  For ‘carry out site directed mutagenesis…’ add in the dashed brackets and the 4 rectangles above the circle.  Point out the yellow, GUIDE rectangle when mentioned.

2.2. Design and synthesize forward and reverse primers with short regions of homology to the existing sRNA cassette flanking the new 24 bp GUIDE sequence [2.2.1-LM].

2.2.1. LAB MEDIA Figure 2, Editor, begin with the 4 colored rectangles at the top of the figure and add in the pink, green, and orange bent bars above and below the rectangles.  Include the text associated with each one.
2.3. Prepare a 5 ml culture of E. coli in LB and antibiotics carrying the template sRNA expression phagemid [2.3.1-MED/CU].  Grow the cells overnight at 37 degrees C with shaking [2.3.2-MED].

2.3.1.   Film as written

2.3.2. Talent places the tube in shaking incubator and turns on shaking

2.4. After extracting and purifying the template sRNA phagemid from the culture [2.4.1-CU-TXT], prepare 2 PCR reactions using 10-50x the recommended amount of DNA template for the sRNA phagemid and high fidelity polymerase [2.4.2-CU][2.4.3-LM].  Prepare one reaction with the forward and one with the reverse primer [2.4.4-CU].

2.4.1. Talent removes mini prep column with sRNA phagemid at bottom of tube and holds tube to camera (TEXT: purify with miniprep kit)
2.4.2. Tube of labeled DNA template next to a tube of high fidelity polymerase on bench or on ice and talent picks DNA and adds to 1st PCR tube

2.4.3. LAB MEDIA Table 4, Editor, place the table at the bottom of the screen for 2.4.2; Videographer, frame this to have a table at the bottom

2.4.4. Talent picks up tube of forward primer next to tube of reverse primer and adds to pcr reaction tube

2.5. After using standard PCR conditions to run the reactions [2.5.1-MED/CU][2.5.2-LM], combine the two reactions in a microcentrifuge tube [2.5.3-CU].  Then anneal the products by heating to 98 degrees C in a boiling water bath [2.5.4-MED/CU].  

2.5.1. Talent removes samples from PCR machine

2.5.2. LAB MEDIA Table 5

2.5.3. Film as written

2.5.4. Talent places samples into boiling water bath

2.6. Immediately turn off the heat source and allow the bath to slowly return to room temperature over the next 1 – 2 hours [2.6.1-CU].
2.6.1. Talent turns off heat with samples sitting in bath

2.7. To eliminate the unmutated template sRNA, add 1 μl of DpnI restriction enzyme to the mixture [2.7.1-CU] and incubate at 37 degrees C for one hour or for the time recommended by the manufacturer for complete digestion [2.7.2-CU].
2.7.1. Film as written (take 3)
2.7.2. Talent places samples in 37 degree water bath

2.8. Next, transform chemically competent E. coli cells with 1-5 μl of the annealed PCR product [2.8.1-CU].  Then isolate single colonies by selective plating on LB plates with antibiotics [2.8.2-MED/CU].

2.8.1. Talent picks up PCR product  and pipettes in the tube of cells 

2.8.2. Talent picks up plate and inspects for single colonies  

2.9. To verify the incorporation of the correct GUIDE sequence with colony PCR, use a 200 μl pipette tip to collect a small quantity of cells from a single transformed colony [2.9.1-CU/ECU-TXT]. 

2.9.1. Film as written (TEXT: mark and preserve original colony)

2.9.1B EXTRA ECU pipette with cells
2.10. Add the collected cells to 50 ul of nuclease-free water in a microcentrifuge tube and mix by pipetting [2.10.1-CU].  Then with a bench-top thermocycler or boiling water bath, lyse the cells by heating to 95 degrees C for 2 minutes [2.10.2-MED/CU].
2.10.1. Film as written

2.10.2. Talent places cells in thermocycler or water bath    

2.11. Using 1 μl of the lysed cells as the DNA template, carry out PCR [2.11.1-MED] according to the conditions shown here [2.11.2-LM].  

2.11.1. Talent at bench adds lysed cells to pcr reaction tube

2.11.2. LAB MEDIA Tables 6 and 7, Videographer, get enough footage for last sentence

2.12. After verifying the correct GUIDE sequence, inoculate a 5 ml culture with the correct sRNA clone and grow the cells overnight [2.12.1-CU-TXT].

2.12.1. Talent inoculates 5 ml culture (TEXT: LB selective medium, 37°C w/shaking)

2.13. The following day, prepare a glycerol stock by combining 750 μl of the overnight culture with 250 μl of 60% glycerol in a screw-cap cryo tube [2.13.1-CU].
2.13.1. Talent pipettes overnight culture and then glycerol into cryo tube then closes tube
3. Production and Harvest of M13-packaged Phagemid Stocks
3.1. To prepare M13-packaged phagemid stocks, prepare a 5 ml overnight culture of E. coli carrying the sRNA expression phagemid [3.1.1-MED/CU].  Also prepare a 5 ml overnight culture of E. coli carrying the M13KO7 helper plasmid [3.1.2-MED/CU].


3.1.1. Talent adds E. coli to 5 ml culture

3.1.2. Talent adds E. coli carrying M13 KO7 to an overnight culture (with 3.1.1) (take 1 MED , Take 2 : CU)
3.2. The following day, after purifying the DNA, co-transform chemically competent E. coli with 1 ul each of the sRNA expression phagemid and helper plasmid [3.2.1-CU].  Plate on LB agar with antibiotics to select for both constructs [3.2.2-MED/CU].
3.2.1. Talent adds phagemid DNA for phagemid and expression plasmid to E. coli cells and gently mixes.  Show labeled tubes of plasmids when adding if possible

3.2.2. Talent plates cultures on LB
3.3. Vincent, Step for 3.2: Phagemid expression is a large fitness burden for the cells, and this may result in lowered transformation efficiency. It may be necessary to introduce the plasmids in two sequential transformation steps [3.3.1-INTERVIEW].
3.3.1. Talent recites the above looking off camera (take 3)
3.4. After incubating the transformed cells overnight at 37 degrees C, prepare a 10 ml culture from a single colony of the cotransformed strain [3.4.1-MED/CU-TXT].
3.4.1. Talent inoculates a 10 ml culture with a single colony (TEXT: LB with selective antibiotics, 37°C). (take 1 MED, take 2 : CU)
3.5. The following morning, centrifuge the culture at 3,300 x g for 10 minutes [3.5.1-MED].  Collect the supernatant and filter through a 0.2 um filter [3.5.2-CU].  Store the packaged phagemid filtrate at 4 degrees C [3.5.3-WIDE/MED].
3.5.1. Talent places tubes into centrifuge and sets speed and time
3.5.2. Talent adds collects supernatant to filter and it is seen dripping through bottom (cut before the removal of the filter)
3.5.3. Talent places filtrate at 4 degrees C
4. Silencing by Infection with Packaged Phagemids

4.1. After preparing F+ target cells according to the text protocol [4.1.1-CU], inoculate a single colony into a 5 ml culture of LB medium with antibiotics [4.1.2-CU] and grow overnight at 37(C with shaking [4.1.3-MED-TXT].
4.1.1. Talent places plate of F+ cells on bench and colonies are visible 

4.1.2. Talent inoculates culture with cells 

4.1.3.  Talent places cells into incubator; B need another version for 4.5.2 below
4.2. The following day, use 5 ml of selective LB medium to dilute the F+ target cells 1:100 and continue incubating [4.2.1-CU].
4.2.1. Talent dilutes F+ target cells (TEXT: 37°C w/shaking) (be careful, it is slated 4.1.3)
4.3. Culture the cells for about two hours until an OD600 of 0.3 is obtained, indicating log-phase growth [4.3.1-MED/CU].
4.3.1. Talent places cuvette of cells into spectrophotometer and it reads 0.3 (end of it)
4.4. Aude, for step 4.3: Cells targeted for silencing should be in exponential phase, when expression of the F pilus allows for efficient phagemid infection [4.4.1-INTERVIEW].

4.4.1. Talent recites the above statement looking off camera (take 5 beginning)
4.5. Add a 1:100 ratio of M13 packaged phagemids to the target cells to achieve a nearly 99% infection of the target population [4.5.1-MED/CU].  Allow the infection to proceed at 37 degrees C with shaking for 30-60 minutes. Then assay the sRNA silencing phenotype as desired [4.5.2-MED].

4.5.1. Talent adds M13 packaged phagemids to cells

4.5.2.  Use 4.1.3B here
5. Results: Gene Silencing in E. coli using sRNA Phagemids 
5.1. Following the protocol demonstrated in this video, the sRNA silencing cassette of plasmid pAB.001 was altered to target mKate2.  This figure demonstrates that the E. coli strain infected with the anti-mKate2 phagemid showed no detectable mKate2 fluorescence over background [5.1.1-LM].
5.1.1. LAB MEDIA Figure 3
5.2. The strain did, however, express GFP, indicating successful uptake of the phagemid [5.2.1-LM].

5.2.1. LAB MEDIA Figure 3

5.3. In this experiment, an E. coli strain with a chromosomally integrated chloramphenicol acetyltransferase, or CAT gene was infected with a phagemid targeting CAT and sRNA silencing of chloramphenicol resistance was tested.  Cells in which the phagemid targeted CAT showed reduced survival at low chloramphenicol concentrations and nearly 99% killing at higher concentrations [5.3.1-LM].

5.3.1. LAB MEDIA Figure 4, Editor, if possible, only use the blue bars here and the blue anti-CAT figure legend.  And only use the ‘Chloramphenicol only’ side of the graph.

5.4. On the other hand, uninfected cells or cells infected with sRNA that silenced mKate2 were resistant to chloramphenicol at all concentrations tested [5.4.1-LM].
5.4.1. LAB MEDIA Figure 4, Editor, add in the red and green bars and figure legends here for the chloramphenicol only side of the graph.

5.5. As shown here, the addition of ampicillin used to select for only bacteria carrying the phagemid, reduced chloramphenicol survival to undetectable levels. [5.5.1-LM].

5.5.1. LAB MEDIA Figure 4, Editor, add in the right side of the graph and for ‘reduced chloramphenicol survival to undetectable levels,’ point out the lack of a blue bar in the ampicillin and chloramphenicol columns.

6. Conclusion (said by authors on camera) (Authors: please fill in names for authors for the following statements.)
6.1. Author Name: Changing the sRNA target gene and producing infective phagemids can be done in 5 days. 

6.2    Author Name: After watching this video, you should have a good understanding of how to design, clone and produce infective phagemids bearing sRNA to knock down any given gene in a population of actively growing E. coli.

6.3     Author Name: Don't forget that working with phages can be extremely hazardous for other experiments in the lab and precautions such as using dedicated labware should always be taken while performing this procedure to avoid unwanted contamination.   

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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