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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? NO
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 by their protocol number. 4.3-4.7 followed by 3.6-3.8 for the imaging of protein
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the step by its protocol number.  4.5, holding the sample parallel to the bench with the correct tool
E.  Will the filming need to take place in multiple locations? (Y/N) NO
1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

The overall goal of this procedure is to collect high resolution images of photoreceptor proteins using atomic force microscopy. (Intro)  This is accomplished by first obtaining a sample of the photoreceptor and diluting it. (P1)  The second step is to apply the protein sample to a freshly cleaved and clean mica surface for about 30 seconds. (P2) Then the mica is rinsed with buffer to remove unbound and loosely attached molecules. (P3)  Next, the sample is attached to a liquid cell that is equipped with an appropriate probe.  This assembly is loaded onto the scanner. (P4) After filling the liquid cell with buffer solution, engage the tip with the sample and begin scanning. (P5)  Ultimately, atomic force microscopy incorporating Peak Force Quantitative Nanomechanical Property Mapping is used to collect images of single photoreceptor protein on the sample’s surface.(P6)
Video editor:
P1 – Start with left side of P1 and animate the green blob turning into particles floating about.

P2 – Zoom out, fade to uncapped tube in P2, and bring in OUR STOCK PIPETTOR (not theirs) to remove some solution containing dots.  Then, add the yellow mica disc, have the pipettor eject the solution onto the disc and turn the disc green with protein label.

P3 – Using their image of a “gripper” (or make drawing of it) have the gripper grip the disc and move it into the four-quad Petri dish.  Slide screen to the right to find the dish there, and set disc into dish. Remove gripper.

P4 – Fade through the two provided images for P4 (animate them into drawings if possible).

P5 – Zoom into the scanner region of scope and fade to P5. Nothing to animate.

P6 – Switch, creatively, to the next provided image.  Start with it complete on the screen then zoom into top portion and pan downwards.
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P 6
B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Blaire S.: Atomic force microscopy that incorporates PeakForce QNM can help answer key questions in the field of molecular biology such as what are the important structural and chemical characteristics determining the function of biologically-active macromolecules.  

1.2. Marie K.: The main advantage of this technique over other existing methods, such as NMR and X-ray crystallography, is that high resolution structures of large intact proteins and other biological macromolecules can be collected in a biologically relevant environment.  
1.3. J. Santoro Thomas: Generally, individuals new to this method will struggle because the tuning of the probe in solution involves several steps and can be quite complicated.  With PeakForce QNM and the assistance of automated software, several of these steps are simplified, making AFM more accessible to new users and undergraduate students.
1.4. Ken N.: Demonstrating the procedure will be three undergraduate students from my laboratory: Marie Kroeger, Blaire Sorenson, and Jessica Thomas. These students will be pursuing graduate studies in the fields of microbiology, chemical engineering, and chemistry this upcoming year.
1.4.1. Interview style: Author saying the above 

1.4.2. 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. Computer and Microscope Set Up

2.1. These items must be turned on in a specific order.  First the computer, then the controller and lastly the fiber optic light.
2.1.1. WID: talent in the instrument room, starts with turning on computer

2.1.2. WID/MED: talent turns on controller and the fiber optic light
2.2. The microscope needs to be reading AFM and LFM.
2.2.1. CU: on scanner microscope setting, switching to AFM and LFM 
2.3. The camera must be centered over the AFM optical head.
2.3.1. CU: centering the camera over the AFM optical head
2.4. In the software, the following should be selected: the experiment category is “Mechanical Properties”, the experiment group is “Quantitative Nanomechanical Mapping” and the experiment is “PeakForce QNM in Fluid.” 

2.4.1. WID: talent sits down at computer and starts to input set up values
2.4.2. SCREEN CAPTURE: show selection of category/group/experiment
2.5. With the settings correctly selected, the experiment can be loaded and set up.
2.5.1. SCREEN CAPTURE: loading an example experiment
2.6. The camera focus should be set using the Z objective first, followed by using the course controls to position the stage.  The goal is to place the AFM head aperture one millimeter before the stage surface.
2.6.1. CU: manipulating the Z-objective controls
2.6.2. CU: manipulating the course controls of the stage
2.6.3. WID: talent checking the camera focus, continuing to manipulate the stage controls
2.7. To manipulate the sample discs with freshly cleaved mica, have circular, disc-gripper tweezers.
2.7.1. ECU: the grip of the gripping tweezers on the disc, focus on the strange shape of the tines
3. Fluid Cell Assembly and Imaging of Mica Surface
3.1. Begin with assembling the fluid cell from pristinely cleaned parts.  First, attach the hose adapter to the port on the clean fluid cells.  Then, using flat headed tweezers, very gently, press the O-ring into its indentation on the fluid cell.
3.1.1. WID: talent with parts for fluid cell, everything very clean and great attention to cleanliness demonstrated
3.1.2. CU: attaching the hose adapter to the port of a fluid cell
3.1.3. ECU: with flat-headed tweezers, pressing in the o-ring
3.2. Next, on the probe retainer clip, press the spring lightly and turn it away from the groove.
3.2.1. CU: pressing and turning the spring on the retainer clip
3.2.2. ECU: completely pressed and turned spring
3.3. Using the same tweezers, grip the probe and slide it into the groove so the tip faces the center of the cell.   Then, secure the probe using the clip.
3.3.1. CU: grips probe and slides it and slides probe into the cell’s groove with tip away from cell
3.3.2. ECU: securing probe with clip

3.3.3. LAB MEDIA: Fig 1B
3.4. The next step is to check the clamp on the AFM.   It must be fully retracted.
3.4.1. CU: retracting the clamp on the AFM
3.5. Now, position the assembly facing downward, fitting it onto the studs of the AFM. 
3.5.1. MED: positioning the fluid cell onto the AFM
3.6. For stabilization, lower the clamp.
3.6.1. CU: lowering the clamp onto the fluid cell
3.6.2. LAB MEDIA: Fig 1C 
3.7. To inspect the O-ring, press the down switch on the microscope until the O-ring is seen.  It should be firmly compressed between the support disc and the fluid cell.   The fluid cell can be put into focus using the coarse adjustment knob.
3.7.1. CU: pressing the down switch on the microscope
3.7.2. MED: talent viewing the o-ring, then adjusting course adjustment
3.7.3. CU/SCREEN CAPTURE: image of the o-ring, then the fluid cell gets focused in on
Here and below, either use screen captures, or less desirably CU shots of the monitor on which the microscope images are viewed.  There are already a lot of screen captures, so spicing up the footage variety with a good close up of a monitor could be a welcome change.
3.8. Next, using the X-Y adjustment, focus on the probe tip.  It looks like a metallic, golden triangle.  
3.8.1. CU: talent manipulating the X-Y adjustment
3.8.2. CU/SCREEN CAPTURE: the probe tip comes into focus
3.9. Now, using the down piezo lever, move the tip close to the sample surface.   Adjust the focus onto the tip’s reflection and monitor the cantilever’s position in relation to this reflection.  Presently, they should be closely aligned with no overlap.
3.9.1. CU: talent manipulates the piezo lever
3.9.2. CU/SCREEN CAPTURE: focus changes to the tip’s reflection and the cantilever’s position in relation to this reflection, no overlap should be seen
3.10. Now prepare the syringe. Fill it with 1 ml of buffer solution and attach the adapter.  Then, attach the syringe to the ejection hose and fully extend the plunger.
3.10.1. MED: filling syringe and attaching adapter  3.10.1/2 BEST TAKE
3.10.2. CU: attaching adapter on syringe to the ejection hose and 
3.11. Next, attach the hose to the fluid cell using an adapter.
3.11.1. CU: attaching hose to cell with another adapter

3.12. To fill the chamber, gently press the plunger until the center of the chamber is full.  There should not be any air bubbles or spilling from the fluid cell onto the microscope.
3.12.1. MED: talent pressing the plunger slowly
3.12.2. ECU: fluid cell slowly filling up, no air bubbles or spilling
3.13. Then, place the syringe in a well supported position, above the chamber.
3.13.1. MED: setting syringe in a stable place above the height of the fluid chamber
3.14. Next, use the camera feed and x/y translation knobs to locate the laser on screen.  It should appear as a diffuse red dot.  Once located, use the laser controls to move it to the probe.
3.14.1. MED: manipulation of the camera feed and x/y translation knobs
3.14.2. SCREEN CAPTURE: the laser is found on the screen, appears as a diffuse dot, then the dot moves to the probe tip
3.14.3. CU: using laser controls
Video editor, interject 3rd shot into 2nd shot before red dot moves to tip.
3.15. Now, finely adjust the laser and mirror controls until the sum signal on the microscope is maximized to four and six. 
3.15.1. CU/SCREEN CAPTURE: using laser/mirror controls

3.15.2. CU: sum signal on the microscope arrives to between 4 and 6
3.16. Adjust the quadrant diode next.  Use the knobs on the scan head to adjust the vertical and horizontal deflections until the values on the microscope return to as close to zero as possible.
3.16.1. MED: adjusting the knobs on the scan head

3.16.2. CU: multimode lowers to zero

3.17. Be sure to select appropriate acquisition options before proceeding. Set the scan rate to ~ 1 Hz. In the samples per line window, enter “256”. For the ScanAsyst (“Scan Assist”) auto control, select “individual”.  For the ScanAsyst auto Z limit, select “off”.  
3.17.1. MED: talent returns to computer to start inputting parameters

3.17.2. SCREEN CAPTURE: inputting above listed parameters
3.18. The Z limit should be 500 nanometers and the scan size should be 1 micron.  With the settings correctly set, engage the probe
3.18.1. SCREEN CAPTURE: setting Z limit and scan size, then engaging the probe
3.19. Observe the Z piezo voltage change as the probe tip approaches the surface.  If the tip goes outside the range, withdraw and re-approach.  The probe tip may have to be replaced if this doesn’t work.
3.19.1. SCREEN CAPTURE: voltage changing as tip approaches surface, withdrawing and re-approaching as needed
3.20. When the tip is engaged, lines should appear on each of the acquisition windows and these lines will construct an image.

3.20.1. SCREEN CAPTURE: lines appearing on the acquisition windows

3.21. Begin continuous capturing of images of the mica.  Slowly zoom in to ensure that the mica surface is both flat and clean. 

3.21.1. MED: talent operating the system, collecting images
3.21.2. SCREEN CAPTURE: slowly zooming in on mica

4. Protein Deposition onto the Mica
4.1. Prepare a four chamber Petri dish with refrigerated imaging buffer solution – each chamber needs at least five milliliters.  

4.1.1. WID: talent unpacking a dish

4.1.2. MED: adding buffer to the dish

4.2. Before taking an aliquot of diluted protein, gently stir it with the micropipette.  

4.2.1. CU: mixing the protein solution with pipette
4.3. Then, take a 200 microliter aliquot and apply the diluted protein to the mica surface. Wait 30 seconds for the dilution to spread into the surface.

4.3.1. MED: removing aliquot of protein

4.3.2. CU>ECU: adding aliquot to disc … zoom in as the solution spreads into the surface

4.4. Then, using the disc-grippers, lift the disc without tilting it and immediately immerse it in the first pool of buffer solution for one second.  Make certain the disc stays parallel to the bench.
4.4.1. CU: picking up the disc with grippers

4.4.2. CU: immersing disc into buffer pool

4.4.3. CU: side view of disc in pool, showing that it is parallel to the bench surface
4.5. Marie K.: It is very important to keep the sample parallel to the Petri dish for the rinsing step.  These soft, flexible molecules can be distorted on the surface by strong currents of aqueous solution.
4.5.1. MED/WID: interview with Marie at bench
4.6. Next, briefly immerse the disc into each of the other three pools for one second per pool.

4.6.1. MED/CU: moving the disc from pool to pool
4.7. Then, transfer the disc to a dry and dust-free cloth.  Let the excess moisture transfer to the cloth but don’t let the disc dry completely.  Without touching the cloth, lift the disc away.
4.7.1. CU: setting disc onto cloth

4.7.2. ECU: disc on cloth, drying, then it is lifted off the cloth with the gripper
4.8. Now, load the disc into a fluid cell and proceed with the set up and imaging
4.8.1. CU: disc set into fluid cell

5. Imaging Proteins on Mica
5.1. After all the parameters for the probe, the spring size and tip radius are properly set, engage the probe.

5.1.1. WID: establish talent at computer with AFM, everything is set up
5.1.2. SCREEN CAPTURE: checking over set up and engaging the probe
5.2. As when imaging mica, observe the z-piezo as the tip approaches the surface.
5.2.1. SCREEN CAPTURE: z piezo value changing as tip approaches surface
5.3. When taking images, allow the scanner to image the same area for at least two consecutive passes.  Use continuous capture to save each image.
5.3.1. SCREEN CAPTURE: setting imaging as continuous with two passes 
5.4. Adjust the image size and location, as desired.  Once the automated software has finished adjusting the scanning parameters for a particular image size, turn the software off.
5.4.1. SCREEN CAPTURE: adjusting image size and location, then turning off the software the adjusts scanning parameters
5.5. To fine tune the focus of the image, manually adjust the scan rate … the z limit … the number of lines … and the set point. 
5.5.1. SCREEN CAPTURE: adjusting the scan rate, z limit, line number, set point
5.6. If the image becomes too unfocused, turn the software back on to return to the original starting position. 
5.6.1. SCREEN CAPTURE: returning to scanning software, returning to original position
5.7. While zooming in on a protein, decrease the scan rate and increase the number of lines proportionally in order to increase the resolution of the image.
5.7.1. SCREEN CAPTURE: show described tasks
5.8. Later, when analyzing the images, first, flatten the image by clicking on the flatten icon.  Select the Zero-th order and execute the operation.
5.8.1. SCREEN CAPTURE: show described tasks
5.9. Sometimes it is necessary to use a plane fit to obtain appropriately flat images.  Select the plane fit icon and use the cursor to draw a plane over a flat area in the image.  Execute the plane fit and repeat the operation as necessary.
5.9.1. SCREEN CAPTURE: show described tasks
5.9.2. Next, select the cross-section tab to measure the dimensions of the protein.  Draw a line with the cursor over the molecule or area to be analyzed.  Repeat this process in multiple areas if an overlay is desired. 
5.9.3. SCREEN CAPTURE: show described tasks
6. Results: AFM Images of Photoreceptor P3
6.1. Any number of biological molecules can be studied using AFM.  For a photoreceptor protein in its light-adapted state (TEXT: RpBphP3), a freshly-cleaved mica substrate is a suitable, flat surface for protein adsorption.
6.1.1. LAB MEDIA: Figure 3A
6.2. Single photoreceptor protein dimers were observable using the PeakForce QNM mode.  The arrows point out individual dimers and the asterisk denotes a protein aggregate. 
6.2.1. LAB MEDIA: Figure 3B
6.3. Using image analysis software, cross-sections of the proteins may be measured after the image is flattened.  XY-data correlate to the height measurements; these can be used for a variety of calculations. 
6.3.1. LAB MEDIA: Fig 4
2. Conclusion (said by authors on camera)

2.1. Marie K.: After watching this video, you should be able to set up an AFM experiment designed to collect high resolution images of proteins on a mica surface in the presence of a biologically relevant conditions using Peak Force QNM.
PeakForce QNM – say “ Peak Force Q N M”
 Switch the order of 2.2 and 2.3.  This change will produce a better conceptual and visual flow with the way these shots were taken.
2.2. Ken N.: Once mastered, this technique can be done in three to four hours if it is performed properly.  Therefore, PeakForce QNM is an appropriate mode of AFM to introduce to students in an upper-level undergraduate laboratory for instrumental analysis, biochemistry and modern physics courses.
2.3. Blaire S.: Following this procedure, other methods like UV-VIS absorption spectroscopy and fluorescence emission can be performed in order to answer additional questions about the behavior of the protein in the presence of light.
2.4. J. Santoro Thomas: After its development, this technique paved the way for researchers in the field of scanning probe microscopy to explore biological molecules like proteins, nucleic acids, and even live cells in a biologically relevant media.
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.
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