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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______  (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)___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 individual steps using the step numbers listed in this document. (Please do not list entire sections.) __2.7 – 2.10, 2.12 – 2.14, 2.18
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.) __2.13, 2.14 (washing the wells of the plate)
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):
The overall goal of these procedures is to use synthetically engineered E. coli to control and manipulate programmable material surfaces by combining genetic modification and surface functionalization strategies. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Heyde: This method can help answer key questions in fields such as molecular medicine and environmental monitoring. By using genetically programmed living cells to interpret a local environment and modify a functionalized material accordingly, we are providing a modular tool for a wide variety of applications. 
1.2. Scott: The main advantage of this technique is that living cells are able to act as dynamic sensors, capable of reading, processing, and recording the conditions around them via functionalized interfaces.   

Protocol (read by voice talent at JoVE):

2. Indirect Control Scheme Functionalized Surface Preparation 
2.1. After preparing solutions and collecting the biotin-enriched supernatant from biotin-producing E. coli according to the text protocol [1-WIDE], add 1.4 ul of SPDP solution to 20 ul of streptavidin, or SA solution [2-CU-TXT].
2.1.1. Talent places supernatant down on bench next to prepared solutions
2.1.2. Talent adds SPDP to SA solution (TEXT: SPDP:  succinimidyl 3-(2-pyridyldithio) propionate)
2.2. Wrap the tube in aluminum foil and incubate it at room temperature for 1.5 hours to allow the SPDP crosslinker to bond to SA via an amino group, forming a pyridyldithio-activated SA [1-MED/CU]. (pronunciation:  pie’(or peer’)-ri-deal-die-thigh-o)
2.2.1. Talent wraps solution in aluminum foil then places it on bench to incubate and walks away (Videographer, there will be similar shots of combining solutions and wrapping in foil using different solutions/bottles; get the shots at different angles if possible.)
2.3. Following the incubation, add 2.4 ul of DTT solution to the tube and incubate the sample at room temperature for 1 hour, to allow a pyridine 2-thione cleavage, resulting in a sulfhydryl-activated SA [1-MED/CU].   

2.3.1. Talent unwraps tube, adds DDT to solution, and rewraps bottle and places back on bench to incubate plus DTT label insert shot
2.4. Next, add 7.5 ul of SCC solution to 72 ul of HRP solution, wrap it in aluminum foil, and incubate it at room temperature for 1.5 hours.  This results in a maleimide-activated HRP bound by an amino group [1-MED/CU].
2.4.1. Talent adds SCC solution to HRP solution then wraps it in foil and sets on bench to incubate
2.5. Mix 17 µL of LC-LC-biotin solution with 200 µL of BSA solution, wrap the tube in foil and incubate the sample at room temperature for 1.5 hours.  This step allows biotin to conjugate to BSA via an amide bond [1-MED/CU].
2.5.1. Talent adds LC-LC-biotin solution to BSA then wraps it in foil and sets on bench to incubate
2.6. Transfer the SA-SPDP solution, the HRP-SMCC, and the BSA-conjugated biotin solution to separate centrifugal concentrators in spin tubes [1-CU].
2.6.1. Talent transfers the SA-SPDP solution to spin tube with other two solutions on bench with spin tubes nearby
2.6.2. Added shot: adding PBS to something?  Vid notes unclear, authors did not note
2.7. Centrifuge the SA-SPDP at 10,000 x g until the tube volume reaches 100 ul, or for 16 minutes [1-MED].  Then use 500 ul of PBS-EDTA to fill the spin tube [2-CU] before repeating the spin and the addition of PBS-EDTA 5 more times [3-MED]. After spinning the solution down to 100 ul, store the stock at 4 (C [4-WIDE/MED]. 
2.7.1. Talent places SA-SPDP spin tube into centrifuge and sets speed and time; Get multiple takes to be used later (similar spins with spin tubes, the addition of solution, and placing in fridge, will be happening in 2.8 and 2.9 – with different solutions.  Get different angles if possible.) 4 shots
2.7.2. Talent adds PBS-EDTA to tube 
2.7.3. Talent places tube back into centrifuge and begins spin (see 2.7.1)
2.7.4. Talent places tubes into fridge; will be placing other samples into fridge below.  Get different angles if possible. 4 shots
2.8. For the HRP-SMCC, centrifuge the tubes at 10,000 x g until the volume reaches 25 ul or for 16 minutes [1-MED].  Use 500 ul of PBS to fill the spin tube [2-CU] before repeating the spin and the addition of PBS 5 more times [3-MED].  After spinning the solution down to 100 ul, store the stock at 4 (C [4-WIDE].

2.8.1. Talent removes the spun HRP-SMCC tube from centrifuge with the reduced volume
2.8.2. Talent adds PBS to spin tube 

2.8.3. Talent places tube into centrifuge and starts spin 
2.8.4. Talent places tube in fridge use one shot from 2.7.4
2.9. For the BSA-biotin, centrifuge the sample at 10,000 x g until the volume reaches 100 ul or for 12 minutes [1-MED].  Then use 500 ul of PBS to fill the spin tube [2-CU].
2.9.1. Talent places spin tube into centrifuge and sets speed and time

2.9.2. Talent adds PBS to spin tube use one shot from 2.7.2
2.10. After repeating the spin and the addition of PBS four times, centrifuge the tube until the volume reaches 100 ul or for 12 minutes [1-MED].  Then add 100 ul of PBS to the tube [2-CU] and store the stock at 4 (C [3-WIDE].
2.10.1. Talent removes tube from centrifuge 
2.10.2. Talent adds PBS to tube use 2.7.2
2.10.3. Talent places solution in fridge use 2.7.4
2.11. Next, combine 25 ul of the 10 mg/ml HRP with 25 ul of 10 mg/ml SA solution [1-CU] and store the tube at 4 (C overnight [2-WIDE].  Then prepare two aliquots of BSA-biotin in PBS, by adding 10 ul of BSA-biotin stock to 490 ul of PBS [3-CU].  

2.11.1. Talent adds HRP solution to SA solution videographer note unclear (handwritten), maybe says “2 shots”?
2.11.2. Talent places solution in fridge use 2.7.4
2.11.3. Talent prepares two aliquots of BSA-biotin in PBS

2.12. Pipette 100 ul of the solution into each well of a 96-well plate.  Wrap the plate in foil [1-CU] and incubate it at 37 (C for 1 hour [2-WIDE/MED].  
2.12.1. Talent finishes adding solution to 96-well plate and wraps it in foil

2.12.2. Talent places plate into incubator; there will be multiple shots of placing 96-well plates into the incubator below 4 or 5 shots
2.13. Next, add 200 ul of 0.05% Tween 80 in PBS to the wells.  Incubate the plate at room temperature for 2 minutes [1-CU].  Then aspirate and decant the liquid [2-CU].
2.13.1. Talent adds PBS-Tween 80 to wells of plate and covers it to incubate
2.13.2. Talent picks up plate aspirates and decants/taps dry
2.14. After repeating the wash three times, add 200 ul of the 0.5% casein solution to each of the wells [1-CU].  Then incubate the plate at 37 (C for 1 hour [2-WIDE/MED].  
2.14.1. Talent adds casein solution to wells of plate
2.14.2. Talent places plate at 37 (C
2.15. Following another round of washes as before, mix 12 ml of 0.05% casein solution with 7.5 ul of 0.05% Tween 80 [1-MED/CU-TXT].  Then use this solution to dilute the SA-HRP stock solution 1:10,000 [2-CU].
2.15.1. With washed plate and wash solution in background, talent mixes casein solution with Tween 80 (TEXT: 0.05% PBS-Tween 80, 3x); Editor, use the text note for the round of washes.
2.15.2. Talent uses solution to dilute SA-HRP stock shot included in 2.15.1 take 1
2.16. Pipette 80 ul of the diluted SA-HRP into each well of a 96-well plate [1-CU].  Then add 20 ul of the prepared biotin sample to each well of the plate [2-MED-TXT].
2.16.1. Talent pipettes SA-HRP into a 96-well plate

2.16.2. Talent adds prepared biotin to wells of plate (TEXT: Refer to text protocol for biotin sample)
2.17. Incubate the plate at 37 °C for 1 hour. This step allows for competitive binding between free biotin and immobilized BSA-biotin for SA-HRP binding sites [1-MED/CU].  Then, after washing the plate three times as before, prepare a 20 ml solution of 50 mM sodium acetate, 1% TMB, and 3% H2O2 at a 1000:10:1 ratio [2-CU-TXT].
2.17.1. Talent places plate in incubator 
2.17.2. Talent places washed plate down on bench with PBS Tween 80 in view then combines sodium acetate, TMB, and H2O2 (TEXT: 0.05% PBS-Tween 80)
2.18. Add 200 ul of the solution to each well of the plate, wrap it in foil, and incubate it at room temperature for 15 minutes [1a/b-MED/CU]. Pipette 50 ul of 2M H2SO4 into each well to stop the reaction [2-CU].  Then use a plate reader to measure the OD450 [3-MED/CU].
2.18.1. Talent adds solution to wells of plate then SECOND SHOT wraps in foil and sets on bench to incubate (action split into two shots)
2.18.2. Talent adds 2M H2SO4 to wells 

2.18.3. Talent places plate into plate reader and it starts to read at 450 nm; get another useable take at a different angle to be used later 
3. Direct Control Scheme Functionalized Surface Preparation 
3.1. Following the preparation of solutions according to the text protocol, add 7.5 ul of LC-LC biotin to 72 ul of HRP, wrap the solution in foil and incubate the sample at room temperature for 1.5 hours with agitation.  This step causes biotin to conjugate to HRP via an amide bond [1-MED/CU]. 
3.1.1. Talent combines LC-LC biotin with HRP, wraps in foil and sets on bench/rocker? to incubate
3.2. Transfer the solution to a centrifugal concentrator within a spin tube [1-CU] and centrifuge the solution at 10,000 x g until the volume reaches 100 ul or for 12 minutes [2-WIDE/MED].  Then use PBS to fill the spin tube to 500 ul and repeat the centrifugation and buffer addition 4 times [3-CU-TXT].
3.2.1. Talent transfers solution to spin tube

3.2.2. Talent removes spin tube from centrifuge 
3.2.3. Talent fills spin tube with PBS (TEXT: Store at 4 (C)
3.3. Next, add 100 ul of 0.17 µg/mL SA in PBS to each well of a 96-well plate.  Wrap the plate in foil [1-MED/CU] and incubate it at 37 (C for 1 hour [2-WIDE/MED].
3.3.1. Talent adds SA/PBS to wells of plate and wraps it in foil

3.3.2. Talent places plate at 37 (C
3.4. To wash the wells of the plate, pipette 200 ul of 0.05% Tween 80 into each well, incubate the plate at room temperature for 2 minutes [1-CU], and decant the liquid [2-MED/CU].  After repeating the wash three more times, add 200 ul of the 0.5% casein solution to the wells [3-MED/CU].
3.4.1. Talent adds Tween 80 to wells and sets plate to incubate use 2.13.1 take 1
3.4.2. Talent decants liquid use 2.13.2 take 2
3.4.3. Talent adds casein solution to wells use 2.14.1 take 1
3.5. Incubate the plate at 37 (C for 1 hour [1-WIDE] before washing the wells three times as before [2-MED/CU-TXT].

3.5.1. Talent places plate into incubator 

3.5.2. Talent adds Tween 80 to wells (TEXT: 0.05% Tween 80, RT, 2 min) use 2.13.1 take 1 (might include dilution of stock from 3.6.1?)
3.6. Using the washed and concentrated biotin-HRP solution previously prepared, dilute the biotin-HRP stock solution 1:10,000 [1-CU].  Then add 80 ul of the solution to the wells of a 96-well plate [2-MED/CU].
3.6.1. Talent dilutes biotin-HRP solution stock with washed and concentrated biotin-HRP
3.6.2. Talent adds solution to wells of a 96-well plate  

3.7. Add 20 ul of prepared biotin sample to each well of the plate [1-CU-TXT] and incubate the plate at 37 (C for 1 hour to allow competitive binding between free biotin and biotin-HRP for the immobilized SA binding sites [2-WIDE].

3.7.1. Talent adds biotin sample to wells of plate (TEXT: Refer to text protocol for biotin sample)

3.7.2. Talent places plate into incubator

3.8. After washing the wells three times as before [1-CU-TXT], prepare a 20 ml solution of 50 mM sodium acetate, 1% TMB, and 3% H2O2 at a 1000:10:1 ratio [2-CU].
3.8.1. Talent adds wash solution to wells of plate (TEXT:  0.05% Tween 80, RT, 2 min) use 2.13.1 take 1
3.8.2. Talent combines sodium acetate, TMB, and H2O2 use 2.17.2
3.9. Add 200 ul of the solution to each well of the plate, cover it with foil, and incubate it at room temperature for 15 minutes [1a/b-MED/CU].  Then add 50 ul of 2 M H2SO4 to each well to stop the reaction [2-CU].  Finally, use a plate reader to measure the OD450 [3-MED/CU].
3.9.1. Talent adds solution to wells then SECOND SHOT covers it with foil and sets it on bench to incubate (shot split into two parts)
3.9.2. Talent adds H2SO4 to wells to stop reaction

3.9.3. Talent places plate into plate reader and starts reader at 450 nm use 2.18.3
4. Results: Testing the Engineered Gene Network in Engineered E. coli Cells
4.1. The engineered, inducible E. coli MG1655 wild-type cells were grown and monitored in minimal medium, as well as minimal medium supplemented with DTB and/or IPTG. These plots show the OD600 reading, measured every 5 min for 24 hours [1-LM].
4.1.1. LAB MEDIA Figure 2, Editor, begin with the top left panel, then add in the top right panel for DTB, then add in the bottom two panels for and/or IPTG.  For the last sentence, add in the Y axis labels and then the X axis labels for each graph when OD600 and then the time is mentioned.
4.2. In this experiment, the fluorescent protein mCherry was used in place of the bioB gene so the induction profile could be measured when engineered cells were induced with IPTG. These results demonstrate the efficacy of the inducible gene network [1-LM]. 
4.2.1. LAB MEDIA Figure 3, Editor, label the red diamonds with ‘IPTG’ and the blue diamonds with ‘No IPTG.’
4.3. Plotted here are the optical signals at OD450 in response to varying concentrations of biotin for both the indirect and direct functionalized surface schemes [1-LM].
4.3.1. LAB MEDIA Figure 4 Editor, add in the X and Y axes labels when they are mentioned.  Then add in the top ‘Indirect’ and ‘Direct’ labels when mentioned.
4.4. In this experiment, products of induced, engineered cells were used to chemically modify the functionalized surface.  The different biotin concentrations are presented as measured by the indirect control scheme functionalized surface, for wild-type cells, uninduced cells containing the pKE1-lacI-bioB plasmid, and induced cells containing the pKE1-lacI-bioB plasmid [1-LM]. LacI: The I is capital ‘I’ for “inducible.”
4.4.1. LAB MEDIA Figure 5, Editor, for ‘the different biotin concentrations,’ add in the Y axis label.  Add in the X axis labels for the gray, wild-type, orange for uninduced containing pKE1-lacI-bioB, and black for induced containing the pKE1-lacI-bioB when mentioned.
5. Conclusion (said by authors on camera)
5.1. Heyde: Once mastered, cells can be genetically engineered in two days, while the direct and indirect surface functionalization techniques can each be done in 5 hours if they are performed properly.

5.2. Scott: While attempting this procedure, it’s important to remember to avoid contamination of the bacterial cell culture and cover the surfaces during functionalization to avoid photo-bleaching.
5.3. Heyde: After watching this video, you should have a good understanding of how to functionalize surfaces for both the direct and indirect control schemes.
5.4. Scott: Don't forget that working with ethidium bromide can be extremely hazardous and precautions such as wearing gloves should always be taken while performing this procedure.   

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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