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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) 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: _____________________________________________
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) Y 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.
Not, directly a step by step description of how to use the software. But, for the records of the change of frequency and dissipation within the QCM-D measurements we need the software for show the changes.
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 steps of high interest are already marked in the protocol. The most interesting parts are the surface modification with polyelectrolytes (steps 2.5-2.7) and the following recrystallization of S-layer proteins (steps 2.8-2.10). Finally the adsorption of gold nanoparticles on top of the recrystallized protein monolayer should be shown (steps 2.11-2.13). Also of interest is the investigation of the recrystallized S-layer protein lattice by AFM studies (steps 3.1-3.4).
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.) The most difficult aspect is the recrystallization of S-layer proteins on top of the sensors in steps 2.5-2.7. Therefore, we prepare the 4 sensors (we have a 4 chamber device) for the protein recrystallization and can show the best working process. In case of emergency we can show or re-run old experiments.
E.  Will the filming need to take place in multiple locations? (Y/N) Y If yes, how far apart are the locations? The filming of the QCM-D experiments (steps 2.5-2.13) will take place in our labs on the third floor. The filming of AFM-experiments will take place in our AFM-lab in the cellar (same building connected almost directly by an elevator). 


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 experiment is to investigate the gold sorption behavior by S-layer proteins of the presented bacterial strain from an ecological and technological point of view. (Intro) 

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Matthias Suhr: This method can help answer key questions in environmental-related fields, such as sorption processes for the removal and recovery of metals. 
1.2. Matthias Suhr: The main advantage of this technique is that the metal sorption and nanoparticle adsorption can be detected in a nanoscale range and by using the QCM-D real-time measurements are possible.   


Protocol (read by voice talent at JoVE):
2. QCM-D experiments – Slp1 Coating on Surfaces and Au-NP Adsorption onto Slp1 Lattice
2.1. To begin this procedure, equip the fluid cells with sensor dummies [2.1.1-MED]. Pump at least 20 milliliters per module of a 2 percent alkaline liquid cleansing agent in ultrapure water through the QCM-D and tube system [2.1.2-MED-over the shoulder-TXT]. Following this, pump a fivefold volume per module of ultrapure water through the system with a flow rate up to 300 microliters per minute per the manufacturer’s protocol [2.1.3-MED-TXT].
2.1.1. WIDE Equip the fluid cells with sensor dummies
2.1.2. CU like 2.1.1
2.1.3. Pump 20 milliliters per module of a 2 percent alkaline liquid cleansing agent in ultrapure water through the QCM-D and tube system TEXT: QCM-D: Quartz Crystal Microbalance with Dissipation monitoring.
2.1.4. MED Pumping ultrapure water through the system
2.1.5. CU 300 microliter per minute
2.2. Clean the silicon dioxide sensors outside the flow modules by incubation in 2 percent sodium dodecyl sulfate solution for at least 20 minutes [2.2.1-MED-over the shoulder]. Then, rinse the sensors several times with ultrapure water [2.2.2-CU]. 
2.2.1. *Film as written
2.2.2. MED Sensor as it rinsed with water
2.2.3. Show close-up of one of the sensors as it is rinsed with water.
2.3. After drying the crystals with filtered compressed air, place them in an ozone cleaning chamber for 20 minutes [2.3.1-MED]. Following this, repeat the cleaning procedure twice to remove all organic contents [2.3.2-CU].
2.3.1. Drying the sensor with compressed air. CU
2.3.2. Show close-up of sensors as talent places them in the sodium dodecyl sulfate solution. ozone cleaning chamber
2.4. To remove bound metals from the sensor surface, rinse the sensors with 1 molar nitric acid [2.4.1-MED]. Then, rinse the sensors several times with ultrapure water [2.4.2-MED-over the shoulder].
2.4.1. *Film as written
2.4.2. *Film as written
2.5. Next, modify the sensors with 3 grams per liter of alternating layers of polyethyleneimine and polystyrene sulfonate via dip coating using the layer-by-layer, or LbL technique [2.5.1-MED-TXT]. 
2.5.1. Show talent preparing the polyethyleneimine and polystyrene sulfonate solutions, TEXT: See Suhr, M. et al. Biometals (2014) for dip coating procedure.
2.6. Place the sensors inside the appropriate polyelectrolyte solution in deep well plates and incubate these for 10 minutes at room temperature [2.6.1-MED-over the shoulder]. Then, remove the sensors from the polyelectrolyte solution and rinse them between every dip coating step intensively with ultrapure water [2.6.2-MED-TXT].
2.6.1. Shown in 2.5.1. & 2.5.2
2.6.2. *Film as written, TEXT: Surface modification consists of at least 3 PE layers terminating with positively charged PEI.
2.7. Once the external modification is complete, place the sensors inside the flow module [2.7.1-CU]. Equilibrate the sensors by rinsing with ultrapure water before starting the experiments [2.7.2-MED]. 
2.7.1. MED Show one of the sensors as talent places it in the flow module.
2.7.2. CU Picking the sensor before placing in the flow module
2.7.3. Rinsing with ultrapure water
2.7.4. Screenshot – Showing stable baselines
2.8. At this point, dissolve previously isolated and purified Slp1 in 4 molar urea for converting the polymers into monomers [2.8.1-MED-over the shoulder-TXT]. Centrifuge the monomerized proteins at 15,000 x g and 4 degrees Celsius for 1 hour to remove bigger protein agglomerates [2.8.2-MED-TXT].
2.8.1. Adding water to dissolve
2.8.2. Pipetting urea CU
2.8.3. Vortexing the solution
2.8.4. Talent places solution in the centrifuge (please do not show the error signal on the display)
2.8.5. TEXT: Slp1: surface layer proteins of Lysinibacillus sphaericus JG-B53.
2.8.6. Show talent placing the sample in the centrifuge and turning it on, TEXT: 15,000 x g, 4 °C, 1 hr.
2.9. Mix the solubilized and centrifuged Slp1 supernatant with recrystallization buffer to a final protein concentration of 0.2 grams per liter [2.9.1-MED-over the shoulder-TXT].  
2.9.1. Show talent adding recrystallization buffer to the Slp1 supernatant, TEXT: See text protocol for recrystallization buffer composition.
2.9.2. Vortexing
2.9.3. Measuring the concentration
2.10. After successful protein recrystallization on top of the polyelectrolyte modified sensors inside the flow modules, rinse the coated sensors with recrystallization buffer intensively with a flow rate of 125 microliters per minute until stable values of frequency and dissipation shifts are detected [2.10.1-SCREEN-TXT].  
Screenshot_2_10_1_stable_baselines_after_protein_recrystallizations.tif
2.10.1. *To be submitted by Author, TEXT: See Figure 1 schematic of SiO2 modification with PE.  Changing buffer 
2.10.2. Showing stable lines on computer screen
2.11. After successful Slp1 coating in the flow modules, rinse the obtained Slp1 layer intensively with 1.6 mM citrate buffer pH 5.0 until stable values of frequency and dissipation shifts are detected [2.11.1-SCREEN].
Screenshot_2_11_1_stable_baselines_before_nanoparticle_deposition.tif
2.11.1. *To be submitted by Author Changing buffer 
2.12. Next, pump a previously prepared 1 millimolar nanoparticle solution to the flow modules with a flow rate of 125 microliters per minute [2.12.1-MED-over the shoulder]. Then, track the mass adsorption to the Slp1 layer [2.12.2-SCREEN-TXT].
2.12.1. Change solution.
2.12.2. WIDE Talent starts the pump
2.12.3. Detection of stable baselines (Computer screen)
2.13. After completing the metal nanoparticle interaction, rinse the layer with nanoparticle free buffer to remove weak bound metals or nanoparticles [2.13.1-MED].
2.13.1. *Film as written
2.13.2. WIDE Showing the whole installation of the experiment
3. AFM Measurements
3.1. Using an atomic force microscope, or AFM with an inverted optical microscope, record images in liquid using ultrapure water directly on the coated QCM-D sensors [3.1.1-MED]. 
3.1.1. Show talent walking up to AFM with sensors in hand. Talent opens the AFM Acoustic  Box
3.2. Rinse the sensors with ultrapure water after the QCM-D experiments and place them inside the AFM fluid cell [3.2.1-MED-over the shoulder-TXT]. 
3.2.1. *Film as written, TEXT: Use closed fluid cell with volume of 1.5 ml and temperature of 30 °C.
3.2.2. CU Placing the sensor in the AFM microscope
3.3. Use a cantilever with a resonance frequency of approximately 25 kilohertz in water and a stiffness of less than 0.1 Newton per meter [3.3.1-MED-over the shoulder-TXT]. Adjust the scanning speed between 2.5 and 10 micrometers per second [3.3.2-SCREEN].  
3.3.1. Show talent at AFM computer setting parameters, placing the cantilever box on the sensor TEXT: 25 kHz resonance frequency, 0.1 N/m stiffness.
3.3.2. *To be submitted by Author Screenshot_3_3_2_AFM_adjustment.tif
3.4. Take images in dynamic contact mode while the cantilever is excited by a piezo at its resonance frequency [3.4.1-SCREEN]. Finally, determine the distance of the cantilever to the surface by the oscillation damping [3.4.2-MED-over the shoulder].  
3.4.1. *To be submitted by Author Screenshot_3_4_1_AFM_Dynamic_contact_mode_AC.tif
3.4.2. *Film as written  Showing the talent as he works on the computer WIDE

4. Results: Interaction of Au(III) and Au(0) Nanoparticles on S-layer Proteins
4.1. The maximum metal binding capacities of Au(III) (pronounced gold three) by suspended Slp1 show that it was stably bound during the 24 hour incubation within the investigated pH range [4.1.1-LM].  
4.1.1. Figure_5.pdf
4.2. The immediate decrease in frequency indicates a rapid adsorption and a high affinity of the proteins to the polyelectrolyte modified surface [4.2.1-LM]. The dissipation also increases immediately, which indicates an adsorption of viscoelastic molecules to the surface because of fast damping resulting in increasing dissipation values [4.2.2-LM]. 
4.2.1. Figure_6.pdf: Show Figure A and highlight left plot.
4.2.2. Figure_6.pdf: Show Figure A and highlight right plot.
4.3. Pre-synthesized Au(0) (pronounced gold zero) nanoparticles were incubated with Slp1 and analyzed by SDS-PAGE, which verified the QCM-D data showing that nanoparticles do not disturb the Slp1 structure [4.3.1-LM]. 
4.3.1. Figure_7.pdf
4.4. The adsorption of pre-synthesized metallic Au(0) nanoparticles is shown for QCM-D experiments in Δf/ΔD (pronounced delta f delta d) plots and as thickness and mass profiles [4.4.1-LM].  
4.4.1. Figure_8.pdf: Show Figure A when “Δf/ΔD plots” is mentioned and Figure B when “thickness and mass profiles” is mentioned.
4.5. The protein lattice of Slp1 recrystallized on polyelectrolyte modified sensors is shown here [4.5.1-LM]. The lattice constant was determined as 13 to 14 nanometers, and the layer thickness was found to be 10 plus or minus 2 nanometers [4.5.2-LM]. 
4.5.1. Figure_9.pdf: Show left image only.
4.5.2. Figure_9.pdf: Make inset appear to the right of the left image.
4.6. AFM studies verified that after the Au(III) interaction, the Slp1 lattice remained completely intact, which confirms the QCM-D results that predicted the stability of the coating [4.6.1-LM].
4.6.1. Figure_10.pdf
4.7. AFM verifies the adsorption of Au(0) nanoparticles on the Slp1 lattice, but due to the particle size they do not follow the p4-symmetry of Slp1 [4.7.1-LM]. 
4.7.1. Figure_11.pdf


5. Conclusion (said by authors on camera)
5.1. Matthias Suhr: Once mastered, this technique can be done in one working day if it is performed properly.
5.2. Matthias Suhr: While attempting this procedure, it’s important to remember to work conscientiously and that you are working with biological molecules.
5.3. Johannes Raff Matthias Suhr: Following this procedure, other methods like infrared spectroscopy or  helium ion microscopy can be performed in order to answer additional questions like the interaction of gold with specific binding sites or to reveal more detailed structural information.
5.4. [bookmark: _GoBack]Johannes Raff Katrin Pollmann: After its development, this technique paved the way for researchers in the field of molecular interaction to explore the sorption and desorption processes of metals on surfaces.
5.5. Katrin Pollmann: After watching this video, you should have a good understanding of how to investigate metal binding on biological surfaces.
5.6. Katrin Pollmann: Don't forget that working in chemical labs can be extremely hazardous and precautions such as wearing goggles, gloves and lab coats 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.
 2013, Journal of Visualized Experiments

