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Author Questionnaire 

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique?  No  

2. Software: Does the part of your protocol being filmed include 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.

3. Filming location: Will the filming need to take place in multiple locations?   No


Introduction
1. Introductory Interview Statements

Your answers to these questions will become author interview statements, which will be incorporated into the script. Authors will memorize the statements and then deliver them on camera.
· Enter the name of the author who will deliver the statement on camera.
· If possible, each author should give no more than two statements.
· Please answer in full sentences, in a style suitable for being spoken aloud. 
· Limit the length of each statement to 30 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

REQUIRED: Why is your protocol significant? OR What key questions can this method help answer? 
Bizan N. Balzer: When using AFM-based force spectroscopy to study single molecules it is essential to have a reliable and efficient protocol for binding these molecules covalently to an AFM cantilever tip. 

REQUIRED: What is the main advantage of this technique?
Bizan N. Balzer: Here we present a simple and robust functionalization protocol that can be easily adjusted to a large number of different polymers, irrespective of their contour length or hydrophobicity. 

OPTIONAL: Do the implications of this technique extend toward the therapy (or diagnosis) of a particular disease, disability, or challenge? How so?
Enter author name: Click here to answer question. Please answer in language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

OPTIONAL: Are there any specific areas of research that this method could provide insight into? OR Can this method be applied to any other systems?
Adrianna Kolberg: Single molecule force spectroscopy allows us to obtain physical parameters that describe the mechanical and adhesive properties of polymers. 

OPTIONAL: How would you expect an individual who has never performed this technique to struggle? Do you have any advice to offer to somebody who is trying this technique for the first time?
Adrianna Kolberg: The functionalization of AFM cantilever tips with single molecules calls for absolutely clean conditions and proper handling of the small AFM cantilever chips to ensure reliable results. 

OPTIONAL: Why is visual demonstration of this method critical?
Enter author name: Click here to answer question. Please answer in language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

Introduction of Demonstrator on Camera

Complete this statement ONLY if any of the individuals who will be demonstrating the procedure on camera will not be delivering an Introductory Interview Statement.

Bizan N. Balzer: Demonstrating the procedure will be Adrianna Kolberg, MSc Chemsitry, a PhD student from my laboratory. Further demonstrator: Christiane Wenzel, BSc Chemistry, a lab student from my laboratory.
[bookmark: _GoBack]

Protocol
Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The one-digit numbers represent sections of the video. The text will appear onscreen.
· The two-digit numbers (e.g. 2.1., 2.2.) represent steps of your protocol. The text will be recorded by a professional voiceover talent. 
· The three-digit numbers (e.g. 2.1.1., 2.2.2.) represent the shots that our videographer will capture at your lab. 
· To ensure that your protocol can be filmed in one day, the protocol is restricted to 30 steps and/or 60 shots. Current script of protocol: 2011 steps, 3421 shots

Please use this draft script to help you prepare for filming day.
· Filming should take no more than 10 minutes per step. If a step will take more than 10 minutes, prepare the product from that step in advance.

2. Surface Activation, Silanization, and PEGylation
2.1. First, use freshly cleaned tweezers to place ten AFM cantilever chips in the plasma chamber, and start the surface activation program [1]. plasma.avi (first 10s)
2.1.1. Talent uses tweezers to place chips in plasma chamber and starts the program.
2.2. While the chips are in the plasma chamber and the program is executing [1] plasma.avi (0:10-5:25 min), prepare 6 milliliters ofdissolve silane-PEG-mal in toluene in solvent resistant plastic or glass tubes to obtain a concentration of 1.25 mg/mL. [2]. Place 3 milliliters of the solution in each of two flat Petri dishes [3]. For further adjustment of passivating properties of the PEG linker layer the length of the respective silane-PEG-mal should be varied.
2.2.1. Talent executes surface activation program.looks at white oxygen plasma. plasma.avi (5:25 min-5:35 min)
2.2.2. Talent prepares solution.
2.2.3. Talent distributes solution into two Petri dishes.
2.3. Ventilate the plasma chamber and proceed immediately to the next step, in order to prevent adsorption of contaminants [1]. plasma.avi (7:30 min-7:36 min)
2.3.1. Authors: What will viewers be able to see during ventilation? Talent presses the ventilation button and opens the plasma chamber. 
2.4. Place up to five AFM cantilever chips in each Petri dish [1], and incubate the chips for 3 hours at 60 degrees Celsius [2]. Remove the Petri dishes from the oven and allow them to cool for at least ten minutes [3].
2.4.1. Talent places chips in Petri dishes.
2.4.2. Talent checks temperature and places Petri dishes in oven.
2.4.3. Talent removes Petri dishes from oven and places them in the fume hood. (Authors: Is that correct? They go in the fume hood?) – This is correct.
2.5. Next, rinse the chips. For chips that will be covalently bonded to PEG (Authors: Should voiceover pronounce this “peg” or “P-E-G”? – “peg” is the correct pronounciation) or PSpolystyrene binding, rinse the chips with toluene three times. Chips that will be bonded toFor PNiPAM (Authors: How is this pronounced? Please find the correct pronunciation at  https://www.howtopronounce.com/pnipam/ It can also be pronounced as poly-NiPAM) binding, chips should be rinsed once with toluene and twice with ethanol [1]. The impact of capillary forces on the AFM cantilever should be reduced when passing the air-solvent interface, for example by tilting the chips slightly when immersing into solution.	Comment by B B: Correct logic: PEG, polystyrene or PNiPAM bind to the AFM cantilever tip. Not the other way round.
2.5.1. Talent rinses chips. Videographer: It is not necessary to capture/show the all the rinses.
2.6. Finally, prepare at least two chips to serve as controls, which will not undergo covalent polymer attachment. For controls versus PEG and PS polystyrene polymer chips, rinse twice with ethanol and once with water [1]. For controls versus PNiPAM polymer chips, rinse twice with water [2]. 
2.6.1. Talent rinses chips with ethanol and with water.
2.6.2. Talent rinses chips with water.

3. Covalent Polymer Attachment
3.1. To perform covalent attachment of PEG or polystyrenePS polymers, prepare 3 milliliters of polymer solution in toluene, at a concentration of 1.25 milligrams per milliliter [1]. Add the solution and the AFM cantilever chips to a Petri dish [2], and incubate the chips at 60 degrees Celsius for 1 hour [3-TXT].
3.1.1. Talent prepares solution.
3.1.2. Talent places solution and chips in Petri dish.
3.1.3. Talent places Petri dish in oven. TEXT: NOTE: If binding of multiple polymers is observed in the experiments, reduce the polymer solution concentration.
3.2. After incubation with PEG or polystyrenePS, allow the chips to cool for 10 minutes [1]. Rinse the chips twice with toluene, twice with ethanol, and once with ultrapure water [2].
3.2.1. Talent removes chips from incubator and places them in fume hood.
3.2.2. Talent begins rinsing chips.
3.3. To perform covalent attachment of PNiPAM polymer, prepare 3 milliliters of polymer solution in ethanol, at a concentration of 1.25 milligrams per milliliter [1]. Add the solution and the AFM cantilever chips to a Petri dish, and incubate the chips at room temperature for 3 hours [2].
3.3.1. Talent prepares solution.
3.3.2. Talent places solution and chips in Petri dish.
3.4. After incubation with PNiPAM, rinse chips twice with ethanol and twice with ultrapure water [1].
3.4.1. Talent begins rinsing chips.
3.5. To store the cantilever chips until use in an experiment, place each chip separately in a 1-milliliter Petri dish filled with ultrapure water [1]. Keep the petri dishes at 4 degrees Celsius [2].
3.5.1. Talent places chips in 1-mL petri dishes and adds ultrapure water.adds ultrapure water into 1-mL petri dish and places chips.
3.5.2. Talent places Petri dishes in a storage.fridge.


Protocol Script Questions
Authors: Please use the step numbers from the script above (not step numbers from the manuscript) when answering the questions below. Please do not include steps that will be screen captured and do not list entire sections.

A. Which steps from the protocol are the most important for viewers to see? Please list 4 to 6 individual steps. 
2.2.2. Preparation of the solution directly before using. 
2.4.1. This step needs to be performed directly after ventilation.
2.5.1. Rinsing should be shown clearly at least once.
2.6. Preparing controls is important. 

B. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1 or 2 individual steps from the script above.

2.4.1. This step need to be performed directly after ventilation to exclude contaminations.
2.5.1. Rinsing should be shown clearly at least once. Cantilevers break easily if this step is done without care. 

Author name
If answered, your answers to C and D will become interview-style shots, which will be incorporated into the script after the relevant step in the protocol. Authors will memorize the statements and then deliver them on camera. 

C. OPTIONAL: If there is no single most critical step in the filmed portion of the protocol, do not answer this question. What is the best way to perform the required technique for the most critical step in the protocol? 
Adrianna Kolberg: (step 2.5.1) The AFM cantilever chips need to be rinsed thoroughly to remove any excess of physisorbed polymers which may influence the experiments. Rinsing should be performed carefully to prevent any damage to the AFM cantilevers.
D. OPTIONAL: If there are no hazardous reagents or instruments in the filmed portion of the protocol, do not answer this question. Which of the reagents or instruments are hazardous? What precautions should viewers take?
Adrianna Kolberg: (step 2.5, 2.6 and 3) All steps should be carried out in a fume hood to avoid inhalation of organic vapors. Additionally, solvent resistant gloves, lab coat and eye protection are required. 

Data acquisition 
4. Data acquisition
4.1. Insert the functionalized AFM cantilever chip into the chip holder and glue the prepared surface into a sample holder that is suitable for measurements in liquid. 
4.1.1. Talent uses tweezers to place a chip in a chip holder.
4.1.2. Talent glues a surface into a sample holder.
4.2. Immerse the chip in water. A solvent drop can be deposited on the chip holder in order to reduce capillary forces when approaching the sample surface passing through the air-solvent interface.
4.2.1. Talent pipettes a droplet of water on the chip.
4.3. Mount the sample surface into the AFM, immerse the sample surface in water and connect the chip holder to the AFM. Then, approach the chip to the sample surface.
4.3.1. Talent mounts sample holder into AFM.
4.3.2. Talent pipettes water on the surface.
4.3.3. Talent connects the chip holder to the AFM.
4.3.4. Talent approaches the chip to the sample surface.
4.4. Adjust the temperature and let the system equilibrate for about 15 minutes.
4.5. After equilibration carefully approach the surface to determine the inverse optical lever sensitivity by taking force-extension curves on a hard surface. Take the deflection signal of the photodetector in units of Volts against the piezo distance and determine the slope of the part representing the indentation of the AFM cantilever tip into the underlying surface using a linear function. In order to reduce errors, take the average of at least five values to obtain the final inverse optical lever sensitivity value. VIDEO: Invols.avi (first 34 seconds)
4.5.1. Talent takes an exemplary curve and makes a linear fit to the force-extension curve. 
4.5.2. Talent types the average inverse optical lever sensitivity value into the software panel.
4.6. Position the AFM cantilever to a height of several micrometer above the surface. Then, record a thermal noise spectrum. To get a satisfactory signal-to-noise ratio, at least 10 thermal noise spectra should be accumulated with the highest possible frequency resolution. Then, determine the AFM cantilever force constant using a simple harmonic oscillator function to fit the thermal noise spectrum. VIDEO: Thermal.avi (first 60 seconds)
4.6.1. Talent records the thermal noise spectrum.
4.6.2. Talent fits the thermal noise spectrum with a simple harmonic oscillator function.
4.7. In order to collect data, approach the AFM cantilever tip to the surface and set the parameters for the experiment such as pulling velocity, sampling rate, retract distance and dwell time. The sampling rate should be adapted when the velocity is varied to ensure sufficient resolution. The retract distance should be approximately twice the expected contour or desorption length of the measured polymer. Use and vary the dwell time towards the surface to allow the single polymer to adhere to the surface.
4.7.1. Talent adjusts pulling velocity, sampling rate, retract distance and dwell time in the software panel. Better: Display an inset indicating these parameters: pulling velocity: 1 µm/s, sampling rate: 5 kHz, retract distance: 1 µm, dwell time: 1s. Would that be possible, Susan?
4.8. Start the experiment. Record force maps by taking force-extension curves in a grid-like fashion to avoid any local surface effects and to average different surface areas. VIDEO: FMap.avi (first 60 seconds)
4.8.1. Talent starts a force map and acquires an exemplary curve.
4.9. After the experiment, repeat the determination of the inverse optical lever sensitivity and the spring constant to check the consistency and the stability of the system.



Results
Please review this section to make sure that it accurately reflects your findings.
· Use Track Changes when making edits or revisions.
· If you would like the video to include different results, please revise this section.
· When revising, please keep the length of the voiceover below 200 words. Current word count: 163
· Please note that the video cannot include voiceover without an accompanying visual. 
5. Results: Single-Molecule Stretching and Desorption 
5.1. Single PNiPAM and PEG polymers were covalently bound to an AFM cantilever tip at one end and physisorbed on a silicon oxide surface at the other end [1]. The temperature-dependent stretching behavior was measured by identifying a clear single molecule stretching event followed by a final maximum at the end of the respective force-extension curves, and generating a single master curve was generated based on those curves for every temperature [2].
5.1.1. LAB MEDIA: Figure 1. Video editor, please show only bottom half of figure, or highlight bottom half if showing only the bottom half is not possible.
5.1.2. LAB MEDIA: Figure 3.
5.2. For PEG, a decrease of the stretching force was observed with increasing temperature [1]. For PNiPAM, the opposite trend was observed [2]. 
5.2.1. LAB MEDIA: Figure 4. Video editor: Please emphasize Figure 4A.
5.2.2. LAB MEDIA: Figure 4. Video editor: Please emphasize Figure 4B.
5.3. The desorption of PS polystyrene from a SAM surface in water can be used to determine the desorption force and length [1]. 
5.3.1. LAB MEDIA: Figure 5.
5.4. When the polymer attachment was successful, the force-extension curves showed plateaus of constant force [1]. Each plateau was fitted with a sigmoidal curve to determine the desorption force and desorption length. The observed desorption forces corresponded to previously obtained values [2]. 
5.4.1. LAB MEDIA: Figure 5. Video editor: Please emphasize Figure 5A and Figure 5C.
5.4.2. LAB MEDIA: Figure 5. Video editor: Please emphasize Figure 5B and Figure 5D.
5.5. When more than one polymer attached to the AFM cantilever tip, cascades of plateaus were observed in the force-extension curves [1]. With two polymers attached, a bimodal distribution was found for the desorption length, while the desorption force showed a narrow distribution [2].
5.5.1. LAB MEDIA: Figure 5. Video editor: Please emphasize Figure 5C.
5.5.2. LAB MEDIA: Figure 5. Video editor: Please emphasize Figure 5D.

Conclusion
6. [bookmark: _Hlk27388131]Conclusion Interview Statements

Below are prompts for interview statements that can be used to further emphasize the significance of your protocol. 
· At least one statement is required.
· Each statement is limited to 30 words.
· Answer the questions in full sentences, as you will need to memorize and deliver the sentences as spoken interview statements during filming. 
· Indicate the full name of the author who will give each statement. 

What is the most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section this advice correlates to.
6.1. Christiane Wenzel: (steps 2 and 3) The use of clean equipment, solvents, AFM cantilever chips and repeated rinsing is important to reach a high level of cleanliness which has to be confirmed via control experiments as stated here.
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
6.2. Bizan N. Balzer: A functionalized AFM cantilever tip can be used to quantify the force response of single molecules in a liquid environment and with external stimuli. 
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
6.3. Bizan N. Balzer: The presented protocols and procedures pave the way for a better understanding of stimuli-responsive polymer systems. The results can be directly compared to molecular dynamics simulations.

Thank you for addressing our questions. We will incorporate your answers and suggestions, and send you the final script before your filming day. You will also receive detailed preparation instructions in the email accompanying the final script.
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