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Authors, please fill out the brief questionnaire below.   

1. Brief Questionnaire:
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)_________  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: ______No-_______________________________________
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___NO_____ 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 steps by their protocol numbers. Please do not list entire sections of the protocol. If your protocol contains highlighting, make sure these steps are highlighted. ____Step 3 “Golden Gate Assembly” and Step 6. (quantification and verification of terminators. ______________________________________
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 to be filmed by their protocol numbers. (Please do not list an entire section.) _6.3.1 and 1.3 (making your terminator has the correct sticky ends this is displayed in figure to us  It is relay important to understand figure 1
E.  Will the filming need to take place in multiple locations? (Y/N) __Yes_____ If yes, how far apart are the locations?  Our lab (level 1) and our plate reader (level 2) are on separate floors of the same building. It is less than a 2min walk from one room to the other. We have a large elevator and stairs/small building.  


1. Introduction (Experimental Goal and Author Interviews) 

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

The overall goal of this synthetic biology protocol is to rapidly determine terminator functionality and quantify terminator strength in an in vitro system that utilizes Golden Gate Assembly. (Intro)

B. Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Jace Bradshaw: We often find predicted terminators in silico, but we rarely verify their activity and determine their efficiency at the lab bench. This method provides a rapid and simple technique for quantifying the strength of bioinformatically-identified terminators. 
1.1.1. Interview style

1.2. Jace Bradshaw: The main advantage of this technique is its speed. We can go from in silico prediction to physical quantification of terminator strength in less than a week.  This makes it ideal for both education and labs doing synthetic biology related research. 
1.2.1. Interview style

1.3. Nathan Reyna: Generally, individuals new to this method will struggle because they are not familiar with Type II (two) s restriction enzymes.  It initially seems counter intuitive to include both the restriction enzyme and ligase in the same tube.  
1.3.1. Interview style

1.4. Nathan Reyna: However, remember that the enzyme we use in this protocol has a recognition site separate from the actual cut site. The recognition site is removed from the pGR-blue plasmid when the terminator is ligated into it.  
1.4.1. [combined with 1.3] Interview style:  use audio but show Figure 1


1.5. Nathan Reyna: Once this happens the terminator cannot be removed from the plasmid by BsaI. By performing multiple cycles of restriction and ligation we can achieve a very high positive cloning efficiency. 
1.5.1. Interview style:  use audio but show Figure 1

2. Annealing Oligonucleotides (Applies only to freeze-dried DNA)
2.1. Begin this procedure by re-suspending the individual oligonucleotides in nuclease free water at a concentration of 100 μM. [2.1.1:MED] Then, prepare 10X annealing buffer. [2.1.2:CU-TXT] 
2.1.1. *Film as written
2.1.2. Talent adds NaCL to TrisHCl (Text overlay: 1 M NaCl and 100 mM Tris-HCl pH 7.4  - Annealing buffer can be stored at 4 °C for several weeks)

2.2. Next, label a 1.5 mL microcentrifuge tube for each terminator to be tested.  [2.2.1:MED] To each tube, add 16 µL of ultra-pure water, 2 µL of 10X annealing buffer and 1 µL each of the top and bottom strand oligonucleotides from the desired terminators. [2.2.2:CU-TXT]
2.2.1. *Film as written
2.2.2. *Film as written  (Text overlay: oligos are 100 μM/μL)

2.3. Jace Bradshaw: “It is very important to ensure that your terminator sequences are made with the correct sticky ends. [MED:2.3.1] pGR-Blue will only work if the terminators are in the forward or right facing direction, as shown here. The ligation will not work properly otherwise!” [2.3.1: LM] 
2.3.1. Author looks up from working at bench and says the above line
2.3.2. LAB MEDIA: Figure 1(show bottom portion “white/yellow colony” only)


2.4. Next, place the microcentrifuge tubes in a float  [2.4.1: CU] and boil them for 4 min in a water bath. [2.4.2: MED-USE SAME ANGLE FOR NEXT SHOT]  After 4 minutes, turn off the heat plate, but leave the tube in the water overnight to slowly cool.  [2.4.3: MED-TXT] Store the annealed terminators at -20 °C. [2.4.4: MED]
2.4.1. *Film as written
2.4.2. [combined with 2.4.1] Talent places float in beaker of boiling water on hot plate 
2.4.3. Talent turns the hot plate off  (Text overlay:18 hr)
2.4.4. Talent places tubes in freezer


3. Golden Gate Assembly (Cost efficient method using a standard mix) 
3.1. To make a 40 nM dilution of the annealed terminators, first thaw them on ice.  [3.1.1:CU] Then, in a new 1.5 mL microcentrifuge tube, add 124 µL of nuclease free water to 1 µL of the annealed terminators. [3.1.2:CU-TXT]
3.1.1. Talent places tubes on ice to thaw
3.1.2. [combined with 3.1.2] *Film as written (Text overlay: annealed terminator mix is 100 µM)

3.2. Centrifuge the samples for 30 seconds at 10,000 x g. [3.2.1:MED] After the spin, store the samples on ice. [3.2.2:CU]
3.2.1. Talent places microcentrifuge tubes in the centrifuge, closes the lid, and begins the spin.
3.2.2. Talent places the tubes in an ice bucket

3.3. In a new thermocycler-appropriate tube, add 6 µL of nuclease free water. Then add 1 µL of commercial DNA Ligase Buffer. [3.3.1:CU-TXT] Perform all of the subsequent steps on ice. [3.3.2:MED]
3.3.1. *Film as written (Text Overlay: Ligase buffer: 300 mM Tris-HCl (pH 7.7-7.8) 100 mM MgCl2, 100 mM DTT, and 10 mM ATP)
3.3.2. Talent places new tube on ice

3.4. Next, add 1 µL containing 35-50 ng/µL of the pGR-Blue destination plasmid, 1 µL of the 40 nM annealed terminators, 0.5 µL of commercial high-fidelity BsaI restriction endonuclease, and 0.5 µL of commercial DNA ligase. [3.4.1:CU]
3.4.1. [combined with 3.3] *Film as written 

3.5. Centrifuge the reaction mixture at 10,000 x g for 120 seconds. [3.5.1:MED] Then place the tube directly in the thermocycler and run the following program:  20 cycles of 1 min at 37 °C followed by 1 min at 16 °C, and then 1 cycle of 15 min at 37 °C. [3.5.2:CU TXT]
3.5.1. *Is loading centrifuge only
3.5.2. Talent places the tube in the thermocylcer and inputs the program (Text Overlay:  20 cycles of 1 min at 37 °C followed by 1 min at 16 °C, and then 1 cycle of 15 min at 37 °C.)

3.6. Following the run, either freeze and store the samples at -20 °C or proceed immediately to transformation. [3.6.1: MED] 
3.6.1. Talent places the tubes in the freezer


4. Transformation and Colony Selection.

4.1. Transform the ligation reactions into chemically competent E. coli cells using any appropriate transformation protocol.  Here, JM109 cells are transformed using Zippy- transformation. [4.1.1:MED TXT]
4.1.1. Talent performs recognizable step in the above transformation method (Text Overlay- Use a high efficiency competent cell transformation protocol)

4.2. Using an L-shaped glass “hockey stick”, spread 25 µL of the transformed cells onto pre-warmed LB agar plates containing 1 mM ampicillin and 10 mM arabinose.  [4.2.1:CU]
4.2.1. *Film as written

4.3. Incubate the plates overnight at 37 °C. Do not incubate them for more than 24 hours;  ampicillin degrades rapidly. [4.3.1:MED]
4.3.1. Talent places plates in the incubator

4.4. The next day, inspect the color of the colonies. [4.4.1:MED] A successful ligation should be white or yellow in visible light, and will fluoresce green under blue or UV light. [4.4.2:LM] An unsuccessful ligation will produce a colony that is blue in color under visible light. [4.4.3:LM]
4.4.1. Talent inspecting colonies
4.4.2. LAB MEDIA: Figure 3A (Authors to provide a figure which shows the plate under both visible light and blue light)
4.4.3. LAB MEDIA: Figure 3B (Authors- Please provide this figure without the “B” label)


5. Verification and Quantification of Terminator 
5.1. For each of the terminators and controls, prepare a test tube containing 5 mL of sterile LB-broth with 1 mM ampicillin and 10 mM arabinose. [5.1.1:MED]
5.1.1. Talent places tubes in a test tube rack

5.2. Jace Bradshaw:  “The controls include: broth only, cells with ampicillin resistance that do not fluoresce to serve as a blank, and cells that contain the uncut original pGR or pGR-Blue ligated with a non-terminating sequence as a reference for quantification of the terminator strength”. [5.2.1:MED]
5.2.1. Talent looks up from bench after placing tubes in rack and says the above line

5.3. Under visible light, use a sterile loop to pick 2 to 3 white or yellow colonies and transfer them to the LB broth. [5.3.1:CU]
5.3.1. *Film as written

5.4. Allow the samples to incubate on a shaker at 37 °C at 160 rpm for 16 to 18 hours. [5.4.1:MED]
5.4.1. Talent places tubes in rack on shaker and turns it on

5.5. The next day, use a spectrophotometer to determine the optical cell density of each sample at 600 nm. Generally, after this amount of time, an OD600 of 0.8-1.0 is expected. [5.5.1:MED-TXT]
5.5.1. Talent seated at spectrophotometer takes a reading (Text overlay:  This step is optional)

5.6. Place a sterile 96-well plate in the hood.  For each sample or control, prepare three wells with 199 µL of sterile LB broth with ampicillin and arabinose. [5.6.1:MED-TXT] 
5.6.1. Talent, working in the hood, adds LB to wells. (Text overlay: LB with 1 mM ampicillin/10 mM arabinose)

5.7. Next, pipet 1 µL of the cell solution from the overnight broths into individual wells of the 96-well plate. [5.7.1:CU] 
5.7.1. Added 1 ul of cell to 4 wells
5.7.2. (split/add shot) Sealed plate with film 

5.8. Seal the plates with a breathable cover [5.8.1:CU] and then shake them for 18 to 20 hours at 37 °C and 160 rpm. [5.8.2:MED]
5.8.1. *Film as written
5.8.2. Talent places the plates on a shaker and turns it on

5.9. The next day, use a plate reader to determine the OD600, which should be approximately 0.5. Also, measure the GFP fluorescence at an excitation wavelength of 395nm and an emission of 509nm. Measure RFP fluorescence at an excitation wavelength of 575nm and emission of 605nm. [5.9.1:MED]
5.9.1. Talent, places the plate in the plate reader and begins to take measurements

5.10. [bookmark: _GoBack]Using Excel, normalize for the variation in growth by dividing the fluorescence by the O.D. 600.  After normalization, determine the relative terminator strength by taking the GFP terminator fluorescence over GFP control fluorescence and dividing it by the RFP terminator fluorescence over the RFP control fluorescence.  [5.10.1:MEDOTS:TXT]
5.10.1. MEDOTS: Talent inputs info into a spreadsheet (Text Overlay:)  (Text Overlay: )

6. Quantification of Six Different Terminators in pGR-Blue: 
6.1. Six putative terminators, T1-6, bioinformatically identified in the mycobacteriophage Bernal13 were analyzed as described in this video. 
6.1.1. LAB MEDIA: Figure 4 (no animation)

6.2. These results show relative fluorescence. All results were normalized using cells containing uncut/unmodified pGR as a control. 
6.2.1. LAB MEDIA: Figure 4(no animation)

6.3. T3 was found to be a strong terminator. All results represent individual colonies grown in triplicate and averaged for visual representation. Error bars represent deviations between averaged data points. 
6.3.1. LAB MEDIA: Figure 4 (Highlight or point arrow to T3)

6.4. To determine the best reference control for quantifying terminator strength, raw data using the original pGR plasmid containing no terminator, and pGR-Blue cloned with a sequence known not be a terminator were compared. 
6.4.1. LAB MEDIA: Figure 5 (first highlight the pGR bars, then highlight the other 2)

6.5. As can be seen here, both controls showed similar levels of GFP and RFP expression and, more importantly, produced similar GFP/RFP ratios.  All of these results represent individual colonies that were grown in triplicate and averaged for visual representation. 
6.5.1. LAB MEDIA: Figure 5 (no animation)

7. Conclusion (said by authors on camera)
7.1. Jace Bradshaw: Once mastered, this technique can be performed in 72 hours (including shipping and ordering time).
7.1.1. Interview style

7.2. Nathan Reyna: It is important to note that pGR-Blue is an E coli plasmid and will not work in other organisms. Additionally, since we are only looking at the terminator (a small piece of DNA) outside of the host genome, the plasmid will not tell us anything about other regulators or factors that may aid transcriptional termination in vivo.    
7.2.1. Interview Style

7.3. Jace Bradshaw: Following this procedure, other methods like quantitative PCR can be performed to verify terminator strength and efficiency. Additionally, the section of pGR-BLUE containing the golden gate cloning sites and blue chromo protein can be removed as one piece and ligated into a plasmid specific to your species of interest. 
7.3.1. Interview style


Provided Media
Figure 1
Figure 3new
Figure 3B
Figure 4
Figure 5

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.
 2013, Journal of Visualized Experiments

