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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? (Y/N) No. If yes, please list make and model of your microscope: ______________________________
**Note:  This question is to get at whether or not you will need a camera hook-up to look into the microscope.  However, if your microscope has a digital camera attached to a computer, you can gather these shots by collecting screen capture movies.  
Does your protocol include microscopy steps that are visualized through a microscope with a digital camera/computer attached? (Y/N) No.
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) No.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps Steps 2.6, 3.3, 4.3, 4.5, 4.6, 5.3 and 5.4.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  The most difficult aspect of this procedure is that it consists of multiple steps of chemical treatment and it makes it difficult to trouble-shoot any cause of trouble. To ensure success we carry out each step carefully. We always use fresh chemicals and store them under an inert condition.

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 yield a passivated quartz slide surface of superior quality. (Intro)

This is accomplished by first cleaning drilled quartz slides and coverslips with water and acetone. (P1)
Editors, please show the top images of the slide and coverslip.  Omit the (a) and (b) labels.  Then bring in the down arrows and the word Acetone.

Then, the slide is etched with potassium hydroxide and the Piranha solution to enhance the quality of the surface. (P2)
Editors, please continue from the previous point and bring in the down arrows and the words KOH and Piranha.

Next, the slides and coverslips are functionalized with amine groups… followed by two rounds of surface passivation using a polymer to make the glass surface inert. (P3)
Editors, please continue from the previous point and bring in the down arrows and the word APTES along with the images of the slide and coverslip with NH2 groups.  After the pause, bring in the arrows, word NHS-ester-PEG, and pictures of the slide and coverslip with the PEG molecules (shown as swirly lines) coming off.

The final step is to assemble the microfluidic chamber from the slide and coverslip with the polyethylene glycol coated, or PEGylated, surfaces facing each other. (P4)
Editors, please continue from the previous point, bringing in the down arrow to the final image.

Ultimately, a new strategy of treating the surface with PEG molecules over two rounds remarkably improves the quality of passivation as observed by single-molecule fluorescence microscopy. (P5)
Editors, please show Movie 1A.avi here, repeating it if necessary to cover narration.

Schematic diagram.pdf

B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Stanley:  The main advantage of this technique over existing methods like polymer coating after potassium hydroxide etching is that a superior quality of passivation is guaranteed.
1.1.1. MED:  Stanley speaks toward camera, interview style.
1.2. Anna:  Generally, individuals new to this method will struggle because multiple surface treatments have to be performed.
1.2.1. MED:  Anna speaks toward camera, interview style.


Protocol (read by voice talent at JoVE):
2. Slide preparation and cleaning
2.1. To begin, drill the quartz slides as detailed in the text protocol.  Clean the slides by placing the slides in a glass staining jar.  Typically 5 to 15 slides can be placed in a single jar.  
2.1.1. MED:  Talent picks up a drilled quartz slide and places it into a glass staining jar.  TEXT overlay:  For recycled slides see text protocol   
2.1.2. CU:  Glass staining jar with one slide as talent places more slides there.
2.2. Then, rinse the slides with MilliQ water.  After repeating the rinse 3 times, sonicate the slides with MilliQ water for 5 minutes to remove dirt.  Dispose of the water and rinse the slides 3 additional times with MilliQ water. 
2.2.1. MED-over the shoulder:  Talent rinses the slides with MilliQ water from a labeled container.
2.2.2. CU:  Glass staining jar with MilliQ water as talent inserts places the glass staining jar in  the sonicator
2.2.3. MED:  Talent dumps out the water and rinses the slides with MilliQ water from a labeled container.
2.3. Next, replace the MilliQ water with acetone and sonicate the slides with acetone for 20 minutes or longer.  Discard the acetone and rinse the slides with MilliQ water to remove any acetone residue.
2.3.1. MED-over the shoulder:  After dumping out the water, talent pours acetone from a labeled container into the jar.
2.3.2. CU:  Jar with slides and acetone as the liquid is sonicated.
2.3.3. MED:  Talent dumps out the acetone and adds MilliQ water for a labeled container.  TEXT overlay:  Repeat 3x
2.4. Next, replace the water with 1M potassium hydroxide and sonicate the slides for 20 minutes or longer.  Excessive etching will enhance the quality of the surface, but will introduce scratches, which might interfere with fluorescence imaging.
2.4.1. CU:  Jar as talent replaces the water with 1M potassium hydroxide from a labeled container.
2.4.2. MED-over the shoulder:  Talent places the sonicator tip into the jar in the sonicator holding the slides and 1M potassium hydroxide, and begins sonication.  Continue action in next shot.
2.4.3. CU:  Jar with potassium hydroxide as it is sonicated.
2.5. Rinse the slides with MilliQ water 3 times to remove traces of potassium hydroxide.  To perform piranha etching, transfer the slides to a Duran slide holder or a custom-made Teflon holder and place them in a 1 liter beaker that is located in a chemical hood.
2.5.1. MED:  Talent rinses the slides with MilliQ water from labeled container.
2.5.2. CU:  Duran slide holder as talent transfers the slides to it.
2.5.3. MED-over the shoulder:  Talent places the holder with slides into a 1 L beaker in the chemical hood.
2.6. Fill the beaker with 450 mL of sulfuric acid.  Then, add 150 mL of hydrogen peroxide for a 3 to 1 ratio between sulfuric acid and hydrogen peroxide.  Stir the solution for proper mixing and leave the beaker undisturbed for 20 minutes.
2.6.1. CU:  1L beaker as talent fills with 450 mL of sulfuric acid from a labeled container.  Make sure to wear proper protection.
2.6.2. MED-over the shoulder:  Talent pours in 150 mL of hydrogen peroxide.
2.6.3. CU:  Beaker as it is stirred to mix and then left undisturbed.
2.7. Take the slides out of the piranha solution together with the slide holder, and put them in a beaker containing MilliQ water.  Meanwhile, discard the piranha solution into a designated waste bottle once it reaches room temperature.  Rinse the slides 3 times with MilliQ water. 
2.7.1. MED-over the shoulder:  Talent transfers the slides and slide holder out of the piranha solution and into a labeled container with MilliQ water.
2.7.2. MED:  Talent discards the piranha solution into a designated waste bottle.
2.7.3. CU:  Slides as talent rinses them with MilliQ H2O.
3. Amino-silanization of slides and coverslips
3.1. Following coverslip cleaning, replace the MilliQ water in the staining dishes with methanol. Keep the slides and the coverslips in methanol. 
3.1.1. MED:  Talent removes the MilliQ water and adds in methanol.
3.2. Meanwhile, prepare the amino-silanization solution by pouring 100 mL of methanol into the flask.  Then add 5 mL of acetic acid and 3 mL of 3-aminopropyl trimethoxysilane and gently mix by shaking.
3.2.1. MED:  Talent pours 100 mL of methanol into a flask labeled amino-silanization solution.
3.2.2. CU:  Flask as talent pipettes in 5 mL of acetic acid and 3 mL of 3-aminopropyl trimethoxysilane and gently mixes by shaking.  Use labeled containers.
3.3. Replace the methanol in the staining dishes containing the slides and the coverslips with the aminosilanization reaction mixture.  Incubate for 20 to 30 minutes.  During the incubation, sonicate once for 1 minute.
3.3.1. MED:  Talent removes the methanol and replaces with the aminosilanization reaction mixture from a labeled container and leaves the jar to incubate.
3.3.2. MED-over the shoulder:  Talent sonicates the slides in the reaction mixture.
3.4. Next, replace the aminosilanization reaction with methanol.  Then, discard the methanol and add a fresh methanol solution.  Repeat this procedure three times. 
3.4.1. CU:  Jar as talent removes the aminosilanization solution and adds in methanol.
3.4.2. MED-over the shoulder:  Talent removes the methanol and adds in fresh methanol.  TEXT overlay (as narrated):  Repeat 3x
4. Surface Passivation using polymer (the first round)
4.1. For the first round of surface passivation using polymer, first dry the slides and the coverslips using nitrogen gas.  Then, place them in clean pipette boxes, partially filled with MilliQ water, in such a way that the side which has to be PEGylated is facing up.  
4.1.1. [bookmark: _GoBack]MED-over the shoulder:  Talent washes the slides and coverslips with MilliQ and dries them with nitrogen gas.
4.1.2. CU:  Glass slides as talent places them PEGylated side up in clean pipette boxes, partially filled with MilliQ water.
4.2. Next, add 64 L of the freshly prepared reaction buffer to a prepared PEG solution.  Pipette the mixture up and down in order to dissolve completely.  Then, centrifuge at 16,100 g for 1 minute to remove air bubbles.  
4.2.1. MED:  Talent pipettes 64 L of the freshly prepared reaction buffer to the PEG solution. Use labeled containers.  TEXT overlay:  see text for recipe
4.2.2. CU:  Solution as talent pipettes it up and down to dissolve.
4.2.3. MED-over the shoulder or MED:  Talent places the mixture into the centrifuge and starts the short run.
4.3. Drop 70 L of the PEGylation mixture onto a dried quartz slide.  Gently place a dried coverslip over the solution.  Incubate the slides in a dark and humid environment for 2 hours to overnight.  
4.3.1. CU:  Slide as talent drops 70 L of the PEGylation mixture onto a dried quartz slide. 
4.3.2. ECU:  Dried coverslip as talent gently places over the solution.
4.3.3. MED:  Talent leaves the slides to incubate in a dark and humid environment.
4.4. To store the PEGylated slides and coverslips, carefully disassemble the slide and the coverslip by sliding the coverslip to a side and rinsing them with MilliQ water… before drying them with nitrogen gas. 
4.4.1. CU:  Slide as talent slides the coverslip to the side and rinses with water.
4.4.2. MED:  Talent dries the slides with nitrogen gas.
4.5. Place a pair of a slide and coverslip in a 50 mL tube such that the PEGylated surfaces are facing away from each other.
4.5.1. CU:  50 mL tube as talent places a slide and coverslip in such a way that the PEGylated surfaces are facing away from each other.
4.6. Partially close the tube and vacuum it… before filling it with nitrogen gas and screwing the lid on tightly.  Store it at -20°C; these steps help preserve the PEGylated surface for a long period of time.  
4.6.1. MED-over the shoulder:  Talent partially closes the tube and vacuums the tube.
4.6.2. CU:  Tube as talent fills it with nitrogen gas and then screws the tube tightly.
4.6.3. MED-over the shoulder:  Talent places the tube into the freezer.
5. Assembling a microfluidic chamber
5.1. Perform a second round of PEGylation, as described in the text protocol, immediately before using the slide.
5.1.1. Title Card.
5.2. To assemble a microfluidic chamber, place a quartz slide on a flat surface with the PEGylated side facing up.  
5.2.1. MED-over the shoulder:  Talent places a quartz slide on a flat surface with the PEGylated side facing up.
5.3. Make a channel diagonally on the PEGylated surface by putting double-sided sticky tape over the slide.  Make sure that the holes are positioned at the center of the channel.  Then, gently place a PEGylated coverslip on top to complete the chamber with the PEGylated side facing down.
5.3.1. CU:  Slide as talent makes a channel diagonally on the PEGylated surface by putting double-sided sticky tape over the slide with the holes positioned at the center of the channel.
5.3.2. ECU:  Slide as talent places the coverslip, PEGylated side down, onto the slide.
5.4. Seal the chamber by pressing the coverslip over the areas where the double-sided tape is placed.  Do it gently but thoroughly so that the chamber becomes sealed water-tight.  Finally, close the edges of the chamber with Epoxy glue.
5.4.1. MED-over the shoulder:  Talent seals the chamber by pressing the coverslip over the area with double-sided tapes are placed.
5.4.2. ECU:  Coverslip as talent closes the edges with Epoxy glue.
5.5. Proceed to immobilize Streptavidin or Neutravidin and add biotinylated biological molecules for single-molecule imaging as described in the text protocol.
5.5.1. MED or WIDE:  Talent works at bench with labeled containers to immobilize Streptavidin or Neutravidin and add biotinylated biological molecules.
6. Results:  Quality control
6.1. If the surface passivation has been done successfully, there are less than 10 non-specifically adsorbed proteins per imaging area observed when 1 to 10 nM fluorescently labeled protein is added into the chamber.
6.1.1. LAB MEDIA:  Figure 3A_ref.  
6.2. When any of the cleaning or reaction steps has not been properly carried out, the number of non-specifically adsorbed proteins significantly increases.  For example, if the piranha etching is skipped, there is 100 times more non-specific adsorption observed.
6.2.1. LAB MEDIA:  Figure 3A_ref_middle.  
6.3. When the second PEGylation step is skipped, there was approximately 3 times more non-specific adsorption observed.  
6.3.1. LAB MEDIA:  Figure 3B.  
6.4. The quality of the surface also drops down when a significant amount of time has passed by since it was PEGylated.
6.4.1. LAB MEDIA:  Figure 3A_ref_right.  
6.5. This procedure represents the first time that the two rounds of PEGylation are introduced for single-molecule studies. The two rounds of PEGylation guarantee the highest quality of PEG layer formation.
6.5.1. LAB MEDIA:  Figure 3B_ref.  
6.6. The superior nature of the double PEGylation is prominently shown here.  The background signals from fluorescent molecules in solution was observed to be much weaker when double PEGylation was used as shown in the left panel.  This indicates that proteins are repelled more effectively by the doubly PEGylated layer. 
6.6.1. LAB MEDIA:  Movie 1a.avi and Movie 1b.avi – Editors, using a split screen, please have the two movies play adjacent to each other as this point is narrated (1A to the left and 1B to the right).  The movies are short, so it can be repeated as the point is narrated.

7. Conclusion (said by authors on camera)
7.1. Anna:  Once mastered, this technique can be done in 4 hours if it is performed properly.
7.1.1. MED:  Anna speaks toward camera, interview style.
7.2. Stanley: Don't forget that working with Piranha can be extremely hazardous and precautions such as goggles, proper gloves and an apron should always be taken while performing this procedure.   
7.2.1. MED:  Stanley speaks toward camera, interview style.

       

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.

Schematic diagram 
Figure 3A_ref.  Authors, please provide a version of 3A with the reference panel only. 
Figure 3A_ref_middle.  Authors, please provide a version of 3A with the reference panel and middle panel only. 
Figure 3B.  Authors, please provide a version of 3B only. 
Figure 3A_ref_right.  Authors, please provide a version of 3A with the reference panel and 3 month old panel only. 
Figure 3B_ref.  Authors, please provide a version of 3B with the reference panel only.  
Movie 1a.avi 
Movie 1b.avi



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.
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