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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? (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? (yes)________ 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 using the step numbers listed in this document. ___2.7, 3.4, 3.6, 3.10, 3.11, 4.1
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document.___ Step 2.7, Aligning the control valve mold with the reaction chamber membrane. Aligning these two PDMS components can be tricky because it must be done underneath an optical microscope. The control valve mold is held with tweezers and the molds are aligned by hand-- the mold cannot be easily separated once they are placed, so this must be done correctly the first time. Fabricating complementary alignment marks in both molds aids this process. Using crossover tweezers can help with unsteady manipulation of the mold)________________________

E.  Will the filming need to take place in multiple locations? (No) _______ If yes, how far apart are the locations? ___________________________________________________

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 confine cell-free protein synthesis reactions in cellular-relevant volumes. (Intro)
This is accomplished by first fabricating a PDMS device using layered soft-lithography techniques. (P1:  When the words “This is accomplished” are spoken, bring the 2 PDMS layers in Panel 1a into contact such that it looks like Panel 1b.  Then, make the glass coverslip in Panel 1c appear, and then, translate the dual-PDMS structure in Panel 1b such that it is in contact with Panel 1c.  Upon contact, fade-away both [Panel 1b + 1c] union structure, and make the 2-D overlay of the union structure in Panel 1d appear at the center of the screen. 
Then, a cell-free, protein expression reaction is mixed,…  introduced into the device.., and an ensemble of isolated reactions are formed within an array of microfabricated chambers (P2:  When the words “second step” are spoken, first show the “whole” bacteria at the top-left corner of Panel 2a,  Then, make the cell wall of the bacteria disappear, leaving only the whole-cell extract and the DNA expression plasmid (the rainbow-colored circle) in Panel 2a.  When the words “introduced into the device” are spoken, first shrink the cell-free reaction assembly in Panel 2a, make the microfluidic device appear in Panel 2b, and then glide-translate the miniaturized cell-free assembly into the “solution inlet” port of Panel 2b.  Then, when the words “isolated reactions” are spoken, make the electron microscopy photo of the microwell in Panel 2c fly out from the middle of the device in Panel 2b.  Afterwards, make Panel 2d appear, and make the cell-free assembly in Panel 2d fly into the well.)
Next, the device is imaged using time-lapse fluorescent microscopy. (P3:  When the words “is imaged” are spoken, make Panel 3 appear.)
The final step is measuring the fluorescence intensity of each well over time.  Ultimately, these fluorescence traces are used to show protein expression noise in confined cell-free reactions   (P4:  When the words “measure the fluorescence” are spoken, make Panel 4 fly out of one of the wells in Panel 3.)
P1:  LABMEDIA:  Figure 2.PDF (cropped and re-labeled version of Panel A of Figure 2).
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P2a:  LABMEDIA:  Figure 1.PDF (cropped and re-labeled version of Figure 1).

P2b:  LABMEDIA:  Figure 2.PDF (cropped and re-labeled version of Panel C of Figure 2)

P2c / 2d:  LABMEDIA:  Figure 1.PDF (cropped and re-labeled version of Figure 1)
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P3 / P4:  LABMEDIA:  Figure 1.PDF (cropped and re-labeled version of Figure 1).

[image: image7.png]




B.  Interview: (Said by you on camera. Don’t forget to smile!)  
Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.   

· Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    

· Enter the name of the individual who will say each line. 

· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.

· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

**  Authors:  Please add one more statement on who will be demonstrating the procedure.  
Thanks !
1.1. Liz Norred: The main advantage of this technique over existing methods, like studying noise in live cells, is that synthetic systems allow us to probe conditions, such as confinement, that can’t be easily controlled in living systems.   

1.2. **Author name ________: Demonstrating the procedure will be ________ a _______ (technician, post doc, grad student) from my laboratory. (Add additional mention of demonstrators as necessary).  

1.2.1. Interview style: Author saying the above 

1.2.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.


Protocol (read by voice talent at JoVE):

2. PDMS device fabrication
2.1. To begin the microfabrication process, first make a 20-to-1 weight ratio of PDMS (pronounced P-D-M-S) mixture by measuring 10 g of PDMS base and 0.5 g of curing agent in a small plastic dish.   In another dish, weigh a 5-to-1 PDMS mixture for an amount enough to fill a control valve master mold up to 1 centimeter thick.
2.1.1. MED:  Talent is in the process of pouring the PDMS into a small plastic weigh boat that is situated on top of a scale.  Then, the talent pours a very small amount of the curing agent on top.
2.1.2. MED:  Talent repeats the PDMS and curing agent-pouring process, but this time, the plastic dish is larger than the one used in the previous shot (Videographer:  The size of the dish will be used to differentiate between the “soft” 20-to-1 PMDS versus the “firm” 5-to-1 PDMS in the first portion of the video).
2.2. Mix both parts evenly with a spatula…, and place the dishes inside in a vacuum desiccator for 20 to 30 minutes to degas all bubbles from the mixture.  While degassing, place the control valve master mold into a glass container

2.2.1. MED:  With an existing small dish of PDMS in the background of the shot, the talent stirs the large dish of PDMS-curing agent mixture with a wooden spatula.  

2.2.2. MED:  The talent places both dishes of PDMS into either a vacuum desiccator bell jar or a vacuum oven.  Then, the talent turns on the house vacuum to degas the PDMS.

2.2.3. MED / CU (optional):  If the PDMS is clearly visible through the glass bell jar or the viewing panel of the vacuum chamber, then the entire shot frame should be focused on bubbles forming on top of the pool of PDMS as the vacuum chamber degasses the solution.
2.2.4. MED:  The talent places the control valve master mold into a glass container.

2.3. Pour the degassed 5-to-1 PDMS mixture onto the control valve mold.  Transfer the glass container into the vacuum desiccator and degas the PMDS for another 20 to 30 minutes.

2.3.1. The talent pours the 5-to-1 PDMS mixture onto the mold, and then places mold inside the vacuum chamber.

2.3.2. MED / CU (optional):  If the PDMS is clearly visible through the glass bell jar or the viewing panel of the vacuum chamber, then the entire shot frame should be focused on bubbles forming on top of the pool of PDMS as the vacuum chamber degasses the solution.  The control valve mold beneath the PDMS layer should also be visible in this shot.
2.4. Next, place the membrane master onto a spin-coater chuck and carefully pour an aliquot of the soft, 20-to-1 PDMS onto the wafer.  Spin the wafer for 45 seconds to form a thin coat of PDMS with an approximate thickness of 30 to 60 microns.

2.4.1. MED / OVER THE SHOULDER:  The talent places a patterned membrane silicon master onto a spin coater chuck, pours a small amount of the 20-to-1 PDMS onto the center of the wafer
2.4.2. MED:  The talent pours a small amount of the 20-to-1 PDMS onto the center of the wafer.  The talent starts the spin coater, and the shot should then be focused on wafer itself for 1 or 2 second.  As the wafer gains speed, the shot should clearly show that the pool of PMDS is being spun outward (TEXT:  Spin speed = 1000 rpm)

2.5. After degassing the control valve master, partially cure both the spin-coated PDMS wafer and the control valve PDMS in an oven at 80oC for 6 minutes and 15 minutes, respectively.

2.5.1. MED:  The talent opens the vacuum desiccator and takes out the degased control valve PDMS and its corresponding mold

2.5.2. MED:  The talent transfers both the control valve PDMS and the patterned membrane silicon master into an oven set at 80oC.  Then, the talent sets a lab timer and walks away.  (Videographer:  If the oven has a digital display, please show the temperature on the LCD panel).

2.5.3. MED:  The talent returns to retrieve the cured PMDS blocks out of the oven.

2.6. Inspect the extent of curing by gently pressing the PDMS block with tweezers or a spatula.  If under-cured, extend the incubation time for a few more minutes at 80oC.  A partially-cured PDMS block should hold its form when pressed.  

2.6.1. CU:  The entire shot should be focused on one of the two solid PMDS blocks.  When the talent takes a pair of tweezers and gently nudges the cured PDMS, the PDMS block should spring back into its original shape when the tweezers are removed.

2.7. With a combination of a scalpel and a pair of tweezers, carefully cut… and separate the PDMS blocks from the control valve master.  Then, punch the inlet holes through the PDMS blocks using a 0.75 millimeter core punch.  Clear all intra-channel debris by inserting a blunt-ended 23 gauge needle inside each hole, and remove exterior debris on the PDMS surface with cellophane tape.

2.7.1. MED:  The talent is in the process of cutting out the control valve PDMS block with a scalpel.

2.7.2. MED CU:  The talent carefully peels away the PDMS block with tweezers.

2.7.3. MED CU:  The talent finishes punching the last of the inlet holes on the PDMS block.  Then, the talent inserts a blunt-ended needle inside each hole to clean out excess debris. Do not use take 1.
2.7.4. MED/CU: Then, the talent inserts a blunt-ended needle inside each hole to clean out excess debris.  The talent uses tape to remove visible debris from the PDMS exterior.

2.8. To prepare the surfaces for PDMS-to-PDMS bonding, place the spin-coated PDMS wafer onto the microscope stage.  Move the stage and locate the PDMS-bonding alignment marks on the wafer.  To ease the complexity of the subsequent manual alignment process, these visual alignment aid features should be pre-designed to be adjacent to the chip’s reaction chambers.

2.8.1. MED:  The talent places the spin-coated membrane silicon master onto the microscope stage.  Then, the talent moves the stage to locate either the necessary alignment features (or the reaction channel itself) on the wafer.  (TEXT:  Use either a 4x or 5x objective for this process). do not use take 1.
2.9. Once the alignment marks on the spin-coated wafer have been located, use crossover tweezers to carefully place the control valve PDMS block over the spin-coated wafer.  With slow and steady movements, locate the corresponding alignment marks on the top control valve PDMS block.

2.9.1. MED / CU:  Using tweezers, the talent carefully overlays the control valve PDMS block over the spin-coated wafer.  While looking through the microscope eyepiece, the talent carefully aligns the top PDMS layer to the lower membrane silicon master.  (Videographer:  Please zoom in on what’s happening near the microscope stage and not so much on the talent).  

2.10. When the top PDMS block is optically aligned with the corresponding alignment features on the spin-coated wafer, gently press the two PDMS surfaces into contact with one another.  Inspect the aligned structure under the microscope to ensure both the reaction chambers and the inlet channels are visible inside the rectangular control valve region.  Repeat the alignment and interfacial contact procedure for other device components.

2.10.1. CU / ECU:  This shot should be focused on contact between the 2 PDMS pieces.  Once aligned, the talent drops the top PDMS block onto the bottom PDMS layer.  Then, the talent ensures full interfacial contact by gently pressing down at various points on the top PDMS block.  (Videographer:  If possible, it would be great to capture the subtle, but visible change in the contrast between the PMDS bilayer when interfacial contact occurs).

2.10.2. MED:  The talent inspects the bonded PDMS components on the microscope

2.11. After all components have been aligned and upon passing visual inspection, place the PDMS components into an oven and cure at 80oC for 2 hours.  This incubation step will form a permanent PDMS-PDMS bonding interface.  Afterwards, take the bonded PDMS structure out of the oven and cool to room temperature on the bench. 

2.11.1. WIDE:  The talent places the membrane silicon master (now containing bonded PMDS components on top) into an oven set at 80oC and walks away. mis-slated as 2.11.2
2.11.2. actual MED:   The talent returns to the oven, takes the PDMS components out, and places them on a lab bench to cool.

2.12. Trim the PDMS structure and pull the bonded PDMS chip away from the silicon master.  Using a 0.75 mm core punch, punch the microfluidic inlet and outlet holes.  Remove all intra-port debris with a blunt 23-gauge needle.

2.12.1. MED CU:  The talent takes a scalpel and cut along the outer boundaries of the PMDS device.

2.12.2. MED:  The talent peels the bonded PMDS device away from the silicon master (** TEXT:  Do not perforate the membrane during detachment)
2.12.3. [added] CU: Talent finishes punching two holes in PDMS for the inlet and outlet of the reaction channel.
2.13. For the final stages of the chip-making process, place the PDMS structure and a clean Number Zero glass coverslip inside the plasma chamber, with the PDMS membrane and the glass-bonding interfaces both facing upwards.  Plasma-treat both items at 10.5 watts for 20 seconds with air as the gas source.

2.13.1. WIDE:  The talent walks over to the plasma asher, vents the chambers, and opens the chamber lid

2.13.2. MED:  The talent places a glass coverslip and the bonded PDMS device into the plasma asher cleaner.  Then, the talent closes the door to the instrument.

2.13.3. [added] WIDE:  The talent vents the chambers.

2.13.4. [original 2.13.3] MED / CU:  This should be a still shot from a perspective through the viewport of the plasma asher cleaner.  A visible, magenta plasma should be glowing inside the asher cleaner.

2.14. Immediately remove the glass coverslip and the PDMS block from the plasma cleaner after treatment.  Carefully flip the PDMS block over and bring the PDMS membrane surface into contact with the plasma-treated side of the coverslip.  Finally, cure the completed device at 80oC for 2 hours to create a permanent glass-PDMS bonding interface.

2.14.1. MED:  The talent opens up the plasma chamber and removes the PMDS and the glass coverslip.

2.14.2. CU:  The entire shot should be focused on the moment of contact between the glass and the PMDS.  Using tweezers, the talent places the plasma-treated surface of the PDMS into contact with the plasma-treated side of the glass coverslip.  (Videographer:  If possible, it would be great to capture the change in apparent contrast when the PMDS is brought into intimate contact with the glass surface.  Unlike the PDMS-to-PDMS contact scenario in a previous shot, this contrast change is a “not-so-subtle” one !  In fact, the contrast can be enhanced if a non-reflective (matte finish), light-blue (or light beige)-colored opaque pad or box is placed underneath the glass slide and is photographed from an oblique angle under backlighting conditions.  What one should see is that when the PDMS and glass are in contact, the overall reflectance of the PDMS-glass complex from the backlighting will decrease dramatically (** TEXT:  Minimize air pockets between the glass and PDMS)

2.14.3. WIDE:  The talent walks over to the 80oC oven, places the bonded glass-PDMS complex for incubation, and walks away from the shot.

3. Cell-free protein synthesis:  Microfluidic connections setup
3.1. Prior to the experiment, hydrate the PDMS device by either boiling it in deionized water for 1 hour or soaking the device overnight in sterile, room-temperature water.  In addition, equilibrate the temperature of the inverted microscope’s environmental chamber at 30oC.

3.1.1. MED:  The talent drops a set of PDMS device into a beaker of boiling water.

3.1.2. WIDE:  The talent walks over to the microscope and sets the temperature controller of the environmental chamber to 30oC.

3.2. Next, mount the hydrated PDMS chip onto the microscope stage holder with cellophane tape.  To prevent excessive chip dehydration during the incubation steps of the experiment, wrap the edges of the device with wet tissue paper.  

3.2.1. MED:  The talent removes the PDMS device out of from boiling water and removes excess water from its exterior

3.2.2. MED CU:  The talent loads the PDMS device onto the microscope stage.  Then, the talent wraps wet tissue paper around the PDMS device to prevent excess dehydration

3.3. To actuate the PDMS control valves and to control the sample loading process inside the main reaction channel, two closed-loop voltage-pressure transducers should be used to modulate the nitrogen gas pressure for each process.  Furthermore, a combination of 24-gauge tubings and male-to-male Luer lock (pronounced “Lure-lock”) adapters should be used to simplify the fluidic connections between the transducers and the chip.

3.3.1. LABMEDIA:  Fluidic schematics of the setup.  (Video Editor:  When the words “voltage-pressure transducers are spoken, please highlight the 2 pressure transducers in the schematic.  When the words “24-gauge tubings” are spoken, please highlight instances of the 24-gauge tubings and all male-male Luer adapters seen in the schematic.   ** Authors:   is it possible for you to provide a schematic diagram of the fluidic setup before the shoot date on December 11, 2014?  I think including a schematic in the video may be beneficial to the viewers.  Thanks ! (“Fluidic_schematic.ppt,” and “fluidic_schematic_whole_setup.png” describe the entire setup. Also available are “fluidic_part (1-4).png”, which are the component structures of the setup. The powerpoint file has not been flattened and can be moved for animation. Included in the powerpoint file is a “parts glossary” of individual components that can be manipulated for animation.)
3.4. To construct the control valve fluidics connections, first dedicate one pressure transducer for this task.  Starting from the transducer end, the first portion of the fluidic path consists of a non-symmetric 24-gauge Luer tubing…  connected to a male-to-male Luer adapter… which is then connected to a sharp 23-gauge needle…  which is inserted into a 4 milliliter glass vial water reservoir fitted with a septum cap.
3.4.1. MED:  This should be a still shot of the 3 following items:  The transducer, the 1/8 inch tubing coming out of the transducer, and all the adapters necessary in converting the 1/8 inch tubing into a 24-gauge tubing.  (Video Editor:  When the word “first dedicate one pressure transducer” are spoken, add the following labels to the shot:  “Transducer” for the transducer, “1/8-in tubing” for the tube proximal to the transducer, and “24-gauge tubing” to the tube distal to the transducer.

3.4.2. MED:  This should also be a still shot of the following items, all connected and arranged on a lab bench (ordered from left-to-right in the shot):  a)  The 24-gauge tubing with a female Luer connector, (b) male-to-male Luer adapter, (c) 23-gauge sharp needle.  (Video Editor:  When the words “Starting from the transducer” are spoken, highlight item (a) on screen.  When the words “connected to a male-to-male Luer” are spoken, highlight item (b) on screen.  When the words, “sharp 23-gauge needle” are spoken, highlight item (c) on screen.  (TEXT:  1st portion of control valve path) Do not use take 1
3.4.3. MED: The talent inserts the distal, sharp 23-gauge needle into the septum of a media vial.  There should be about 4 milliliters of water inside the bottle.

3.5. Next, the second portion of the control valve path consists of a sharp 23-gauge needle…  followed by a male-to-male Luer adapter…  which is connected to a symmetric 24-gauge tubing... and trailed with a set of male-to-male Luer adapters attached to a blunt 23-gauge needle.  To complete the control valve assembly, the sharp 23-gauge needle is inserted into the water reservoir, whereas the blunt-needle terminus will be inserted into the control valve inlet of the PDMS device.  

3.5.1. MED:  This should be a still shot of the following items all connected and arranged on a lab bench (ordered from left-to-right in the shot):  (a)  A sharp 23-gauge needle, (b) male-male Luer adapter, (c) 24-gauge tubing with double female Luer ends, (d) another male-male adapter, and (e) A blunt 23-gauge needle.  (Video Editor:  When the words “path consist of a sharp 23-gauge needle” are spoken, please highlight item (a).  When the words “trailed with a set of male-to-male Luer” are spoken, highlight item (b).  When the words “which is connected to a symmetric 24-gauge tubing” are spoken, highlight (c).  When words “blunt 23-gauge needle” are spoken, highlight item (e).  (TEXT:  2nd portion of control valve path) Do not use take 1. Mis-slated as 3.4.4 tk 2
3.5.2. MED:  The talent inserts the proximal, 23-gauge sharp needle into the same septum media vial used in shot 3.4.3, [moved rest to end of 4.4]  and then, connects the distal, blunt 23-gauge needle into the control valve inlet of the PDMS device.
3.6. Switching to the reaction chamber inlets setup, the main sample-loop connector set consists of  non-symmetric 24-gauge tubing attached to a male-to-male Luer adapter… followed by a blunt 23-gauge needle inserted into 24-gauge tubing, and terminated with a 23-gauge blunt needle directly inserted into the tube without a Luer lock.  The proximal, female Luer end will be attached to either the syringe or a second pressure transducer during the sample loading phase of the protocol, whereas the distal, blunt needle terminus will be connected to the reaction chamber inlet of the PDMS device.

3.6.1. MED:  This should be a still shot of the following items all connected and arranged on a lab bench (ordered from left-to-right in the shot):  (a)  A blunt 23-gauge needle, (b)  A 24-gauge tubing with a female-luer end, (c) a male-male Luer adapter, and (d)  Another blunt 23-gauge needle, (e) 24- gauge tubing and (f) and blunt 23-gauge needle inserted directly into the 24- gauge tubing without a Luer lock  For a schematic of this setup, see images titled fluidic_part3.png and fluidic_part4.png. (Video Editor:  When the words “set consists of a blunt 23-gauge needle” are spoken, highlight item (a) in the shot.  When the words “24-gauge tubing” are spoken, highlight item (b).  When the words “male-male Luer” are spoken, highlight item (c)  When the words “terminated with a  23-gauge” are spoken, highlight item (d).  (TEXT:  Sample-loop connector set)

4. Cell-free protein synthesis:  Sample loading and data acquisition
4.1. Using a cell-free protein expression system, or CFPS (pronounced ‘C-F-P-S”) for short, follow the manufacturer’s protocol and prepare all necessary reagents on ice or in an ice block.  For this microfluidic system, a typical CFPS reaction volume for constitutive GFP expression in E. coli whole cell extracts is around 25 L.  In each assay, the DNA plasmid should be added last to prevent premature expression of fluorescent proteins. 

4.1.1. MED CU:  The talent is in the process of pipetting the whole-cell extract and all other components, except for the DNA plasmid, into a 1.5 mL tube.  Then, the talent places the reaction on ice in an ice block.

4.1.2. MED:  The talent adds the DNA plasmid, pipettes up and down a few times vortexes the tube for a few seconds to mix the contents, spins the sample down and places the tube back on ice into the ice block.  Then, the talent starts the timer that counts upward from an initial time of 0:00   (TEXT:  Start a lab timer right after DNA addition)

4.2. Sample loading onto the microfluidic chip consists of five main steps.  To start, attach a 1 mL syringe to the female Luer terminus of the sample-loop connector set.  Next, insert the blunt-needle terminus of the connector set into a tube containing the CFPS reaction … and draw the fully assembled reaction mixture into the tubing.

4.2.1. MED CU:  The talent takes the sample-loop set and inserts the blunt-needle end into the 1.5 mL tube containing the assembled reaction.  Then, the talent connects a 1 mL syringe to the female Luer end of the sample loop set. The talent takes the sample-loop set and inserts the blunt-needle end into the 1.5 mL tube containing the assembled reaction.  Finally, the talent pulls on the syringe plunger and draws the assembled reaction into the sample loop.

4.3. When the entire reaction mixture has been loaded into the sample loop, withdraw the blunt needle terminus from the microcentrifuge tube, and insert the needle into the reaction chamber inlet of the chip.  On the fourth step, disconnect the syringe from the sample loop, and attach the liberated female Luer terminus of the sample loop to a male-Luer adapter set that is connect to a second pressure transducer.  

4.3.1. MED CU:  The talent takes the blunt needle end of the sample loop out the 1.5 mL tube and inserts it into the main channel inlet of the PDMS device.  

4.3.2. MED CU:  Then, the talent disconnects the 1 mL syringe from the sample loop and attaches the female Luer of the sample loop to the male-male Luer adapter that’s currently connected to a pressure transducer.

4.4. Finally, activate the second pressure transducer to initiate sample-loading.  When the microfluidic channel has been filled with the CFPS reactants, remove the blunt needle from the PDMS inlet port. Now insert the blunt needle connected to the first pressure transducer and water reservoir into the control valve channel inlet.
4.4.1. MED:  The talent activates the transducer.  (TEXT:  Sample-loading pressure < 10 psi).  

4.4.2. CU:  The entire shot should be focused on the channel region of the PDMS, where the channel is being filled with the reaction mixture coming from the sample loop.

4.4.3. MED CU:  The talent removes the blunt 23-gauge needle from the PDMS channel inlet.
4.4.4. [moved from 3.5.2] CU: The talent inserts the blunt 23-gauge needle connected to the water reservoir transducer into the control valve inlet of the PDMS device.
4.5. After sample loading, open the environmental chamber and fix the PDMS device onto the microscope stage.  Locate the reaction chambers with a 100 X oil-immersion objective under bright-field illumination.

4.5.1. MED:  The talent places the PDMS device back into the environmental chamber of the microscope. The talent then flips the microscope objective turret to the 100x oil objective.
4.5.2. MED:  The talent flips the microscope objective turret to the 100x oil objective, The talent looks into the scope eyepiece.

4.6. Actuate the control valve pressure transducer to 20 PSI (pronounced “P-S-I”).  Visual evidence of valve actuation can be seen by observing changes in contrast in the PDMS layer.  Adjust the focus such that the focal plane is at the bottom PDMS-glass interface of the device.

4.6.1. MED:  The talent turns on the control valve transducer.

4.6.2. SCREEN:  **Authors – For the 2nd sentence of the narrative, please provide a screenshot of actuation of the PDMS control valve layer. (Filename: 4.6.2_Stream_actuation_video_24.avi)
4.7. Finally, set the data acquisition frequency to 1 image per minute, and begin fluorescent microscopy.  Continue to collect data until the protein synthesis in all wells has reached a steady-state fluorescence.  At the moment of the first image acquisition, check the lab timer and record the time elapsed since the introduction of DNA into the reaction.

4.7.1. SCREEN:  **Authors – For the 1st two sentences of the narrative, please provide a screenshot of setting up the data acquisition routine and a sample screen shot when all wells have reached a steady-state fluorescence. (Comment: There are two screenshots for this shot, one for setting up data acquisition (filename: 4.7.1_Screenshot_timeseries_start.avi) and one microscope timelapse shot of the fluorescence growth (filename: 4.7.1_datastack_aligned.avi)
4.7.2. MED:  The talent checks the timer and records the time on a notebook. (TEXT:  Usually the time elapsed ~ 4-5 min).

5. Image analysis and data processing
5.1. After performing fluorescent microscopy, begin the data analysis process by opening all photographs with an image-processing software such as ImageJ (Pronounced “Image-J”).  Select the interior of the reaction chambers as region of interest, or ROI, (Pronounced “R-O-I”) for all images.  The total fluorescence from this selection will be the raw fluorescence intensity trace.

5.1.1. SCREEN:  **Authors – For the 1st sentence of the narrative, please provide a screenshot of opening up a series of image files in Image J. (Filename: 5.1.1 Opening Images.mov) also available is another shot searching through the images in the stack (Filename: 5.1.1 Raw Images.mov)
5.1.2. SCREEN:  ** Authors - For the 2nd sentence of the narrative, please provide a screenshot of how to select the proper ROI from a sample image. (Filename: 5.1.2, 5.2.1, 5.3.1 ROI and Measurements.mov) Time relevant to Step 5.1.2 is 0:00-0:39. This time period is selecting a proper ROI.
5.2. Using the ROI Manager, choose regions of interest around the interior region of each reaction chamber.  In the toolbox, set the Auto ROI Properties to areas corresponding to the interior of each reaction chamber.  Then, check “Add on Click,” and select all chambers on the screen.

5.2.1. SCREEN:  **Authors – For these sentences, please provide a screenshot of (a) Selecting of each ROI per well, and (b)  Selecting the regions inside the wells in which ImageJ will try to integrate the fluorescent signal. (Filename: 5.1.2, 5.2.1, 5.3.1 ROI and Measurements.mov) Time relevant to Step 5.2.1 is 0:40-1:34. This time period is selecting regions inside each well.
5.3. Finally, highlight all ROI’s in the ROI Manager.  Use the “Multi-Measure” function to determine the mean fluorescent intensity of each ROI throughout the entire image stack.

5.3.1. SCREEN:  **Authors – For the sentence, please provide a screenshot of applying the multi-measurement function to the entire image stack. (Filename: 5.1.2, 5.2.1, 5.3.1 ROI and Measurements.mov) Time relevant to Step 5.3.1 is 1:35-1:51. This time period is using “multi measure” to find data for each well.
6. Results:  Stochastic processes in gene networks can be assayed using Femtoliter cell-free protein synthesis reactions
6.1. With standard PDMS fabrication techniques, the GFP synthesis within each femtoliter well is completely isolated from its immediate environment… and can be individually interrogated by imaging and photobleaching techniques, all by user-defined actuation of the PDMS control valve.

6.1.1. LABMEDIA: Figure 2 (Video Editor:  Remove Panel A, and Keep Panels B, C, and D of Figure2.  When the words “standard PDMS fabrication techniques” are spoken, highlight the scanning electron microscope photo in Panel B.  When the words “completely isolated” are spoken, highlight a couple of the small, inner bright circles in the upper half of Panel D.  When the words “individually interrogated” are spoken, highlight the small, darkened “void” circle in the middle of the lower photo in Panel D.  Finally, when the words “actuating the PDMS control valve” are spoken, highlight the “control valve solution inlet” label in Panel C.

6.2. With a vast array of wells each approaching the intracellular volume of a single bacterium, the stochastic nature of gene expression on a single-cell level can be assayed by quantitation of intra-well fluorescence as a function of time.  This can be compared to the same cell-free protein expression assay performed at a larger reaction volume of 15 microliters, where the stochastic nature of the expression system is hidden behind the ensemble averaging of numerous fluorescent signals.

6.2.1. LABMEDIA: Figure 3 (Video Editor:  When the words “vast array of wells” are spoken, highlight Panel A of Figure 3.  Then, when the words “stochastic nature of gene expression” are spoken, highlight Panel D of Figure 3.  Finally, when the words “performed at a larger volume” are spoken, highlight Panel C.

6.3. Comparing the protein expression profile between an ensemble of live bacteria versus individual single-well cell-free reactions, although the fluctuation magnitudes are similar, autocorrelation decays more quickly in the cell-free expression profiles.  The autocorrelation time in the cells is controlled by growth and dilution of the GFP.  Growth doesn't happen in the cell-free systems, and instead autocorrelation time is controlled by decay of the protein synthesis rate.
6.3.1. LABMEDIA: Figure 4 (Video Editor:  When the words “ensemble of live bacteria” are spoken, highlight the “time 0” (panel that has the yellow label “0”) green fluorescent bacteria photo and the top “GFP Noise” plot in Panel A.  When the words “individual single-well cell-free reactions” are spoken, highlight the fluorescent wells on the right and the top “Fluorescence Intensity Noise” graph in Panel B.  When the words “autocorrelation decays more quickly” are spoken, highlight the bottom-right “Normalized Autocorrelation” graph in Panel B.  Finally, when the words “controlled by growth and dilution” are spoken, highlight all 4 green fluorescent bacteria photos in Panel A.).

7. Conclusion (said by authors on camera)
7.1. Patrick Caveney: After watching this video, you should have a good understanding of how to use synthetic microfabricated platforms as models to understand how confinement and crowding impact biological processes.
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, as well as an introduction to your videographer, closer to your filming date.
P1a





P1b





P1c





P1d





P2a





P2c





P2b





P2d





P4





P3








�We decided not to include this introduction. Please let us know if this is a problem.
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