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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) ___Yes__ If yes, please list make and model of your microscope: ____Olympus CX41_______

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___Yes__ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps__________________________
I believe that the viewers will most benefit from being able to visualize the following steps: 

Step 1.1.3 shows users how to obtain epoxy on the cantilever for preparation of a colloidal probe. This step is critical to the preparation of a functional colloidal probe. In our previous publication we have a video of this technique, but we were unable to obtain a video that shows the “operator view” through the microscope lens. We think having that view through the lens would be very beneficial. 

Step 2.4-2.5 conveys to users the necessity to ensure that the laser is appropriately aligned onto the cantilever and that the system is given ample time to ensure the deflection value is stable. If these two steps are not completed, then all subsequent measurements will be greatly affected. 

Step 2.7 is important to show since addition of the liquid will change the laser alignment. Furthermore, the presence of bubbles near the colloidal probe tip will greatly affect the measurement. 

Step 3.4 is also important to film because the virtual deflection line will autocorrect any inherent drifts that may be present within the current measurement system. 

Step 3.6 is a complicated step that is important for obtaining accurate measurement parameters. Because there are several steps involved in manually correcting the InvOLS value this step and its sub steps would be really beneficial for viewers to see. 
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Attaching the particle to the cantilever to produce a functional probe is the single most difficult aspect of this procedure. We have recently published a paper (in Journal of Colloid and Interface Science) outlining the key factors that enable better success in preparing functional colloidal probes. The use of a 45° angle cantilever holder, epoxy with a viscosity of 14,000 cPs at 25°C, and specific approach techniques dependent on the colloidal particle size enable more efficient and reproducible production of functional colloidal probes.
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 obtain quantitative information on the nano-scale interactions present between particles in a liquid-based colloidal system. (Intro)

This is accomplished by first preparing a functional colloidal probe by attaching a single particle onto a tipless atomic force microscope cantilever. (P1)
The second step is to mount the probe onto the atomic force microscope and prepare a liquid cell with a colloidal particle substrate. (P2)
Next, the spring constant and sensitivity of the colloidal probe are calibrated thermally using the microscope software. (P3)
The final step is to use the colloidal probe and measure interactions with the colloidal particle substrate in liquid.  For calibration, a direct measurement of probe sensitivity using a mica substrate in liquid is also made. (P4)
Ultimately, colloidal probe microscopy can be used to measure the inter-particle forces that may be responsible for coagulation kinetics and physical instability of the studied liquid colloidal system. (P5)
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Dexter D’Sa: This method can help determine and measure key parameters responsible for the physical stability and coagulation kinetics of various liquid colloidal systems, such as those present in pressurized metered dose inhalers, pharmaceutical intravenous formulations, biological systems and several other systems.

1.2. Wojciech Chrzanowski: Through the precise measurement of attraction, cohesion, and decohesion forces of two solid materials, this method can provide deep insight into nanoscale chemical and physical interactions. This knowledge can be used to predict the stability of pharmaceutical formulations and also be applied to biological systems to probe affinity of particles to cells and bacteria.
Protocol (read by voice talent at JoVE):
2. Preparing the Colloidal Probe and Atomic Force Microscope Substrate
2.1. Begin by preparing the colloidal probe using an atomic force microscopy tipless cantilever. (TEXT: For details see manuscript reference 19)  Affix the cantilever to a 45º angle holder as seen here.  The holder supports the cantilever at 45º above the horizontal.

2.1.1. WIDE: Talent at bench, starting to look into microscope

2.1.2. SCOPE: Cantilever on holder

2.1.3. CU: Side view of holder showing angle with respect to horizontal.  

2.2. The next step is to place epoxy (TEXT: viscosity 14,000 cPs at 25 ºC, see materials) on the microscope slide.  To do this, after preparing the epoxy, use a clean spatula to smear a thin layer onto the slide.

2.2.1. MED: Talent turning attention from microscope to next steps

2.2.2. MED: Talent selecting/checking microscope slide and positioning it for next step

2.2.3. CU or ECU: Spatula smearing epoxy on slide.  Goal is to show thickness and coverage of epoxy on slide. 

2.3. Using a temporary adhesive, attach the opposite side of the slide to a custom holder designed to slide onto the microscope lens casing.  Return to the microscope with the slide and holder assembly and slide the holder onto the lens casing.  When complete, the slide with epoxy should be above the cantilever on the sample platform.  With everything in place, observe the cantilever through the microscope and approach the platform and cantilever to the epoxy slide.

2.3.1. CU: Talent attaching slide to holder. Capture complete act, if possible.  At least show the final assembly shown first in profile and then as talent rotates it to be seen from from above (holder on top).

2.3.2. MED: Talent returning to microscope and attaching holder with slide

2.3.3. CU: Holder with slide and angle holder (with cantilever)

2.3.4. SCOPE: Cantilever approaching the epoxy and acquiring small amount of epoxy Videographer: Please consult with the authors.  It may be better to only show the approach here and leave acquisition to 2.4.1. [Take 1]
2.4. Once the cantilever acquires a small amount of epoxy, withdraw the cantilever. With the epoxy in place, use the same technique to attach a 2-5 µm lipid particle at the apex of the cantilever. (TEXT: For details see manuscript reference 19)

2.4.1. SCOPE: Cantilever acquiring small amount of epoxy and withdrawing from epoxy slide  (Video editor: Please transition to the next shot to suggest the passage of time)

2.4.2. SCOPE: Cantilever with lipid particle at apex
2.5. Now prepare the atomic force microscopy substrate.  Use a 35 mm round cover slip and a thermoplastic mounting adhesive.  Heat the coverslip on a hotplate equipped with a temperature probe. When the hotplate is at about 120 ºC, use a spatula to apply the thermoplastic adhesive. (TEXT: Temperature about 120 ºC)

2.5.1. MED: Talent with materials and equipment for preparing substrate.

2.5.2. CU:  The coverslip and adhesive to be used

2.5.3. MED: Talent placing coverslip on hotplate

2.5.4. CU: Coverslip on hotplate as adhesive is being applied.  Goal is the show thickness and coverage of adhesive. 

2.6. Turn off the hotplate and wait for it and the coverslip to cool to 40 ºC.  At this point, dust the coverslip with a small amount of colloidal particles. (TEXT: Temperature about 40 ºC) When the coverslip has cooled to room temperature, transfer it to a holder and wash it by pipetting over it a small amount of liquid medium, here 2H-3H-perfluoropentane, or HPFP.  (TEXT: HPFP–2H, 3H perfluorpentane) Do this several times to remove unattached particles.

2.6.1. MED: Talent turning off hotplate and monitoring temperature

2.6.2. CU: Spatula being shaken to distribute particles on coverslip

2.6.3. MED: Talent transferring coverslip to holder and pipetting it a few times. (Video editor: This is associated with the last two lines)
3. Mounting the Colloidal Probe, Aligning the Laser, and Equilibrating the System
3.1. The next step is to mount the substrate for use in the atomic force microscope, or AFM. (TEXT: AFM–atomic force microscope) For this, use the bottom half of a liquid cell.  Mount the coverslip with the colloidal particles in the bottom half of the cell.  Make sure the O-ring is seated properly to prevent leaking. 

3.1.1. WIDE: Talent arriving at workspace with coverslip ready for next step

3.1.2. MED: Talent putting coverslip nearby and positioning bottom half of liquid cell for next step

3.1.3. CU: Bottom half of liquid cell alone, then as coverslip is placed in it, then O-ring being seated/checked

3.2. At the atomic force microscope, take precautions against leaks.  Protect the microscope stage with a transparent hydrophobic sheet. Then place the liquid cell onto the stage.

3.2.1. WIDE: Talent arriving at atomic force microscope, preparing to protect microscope stage

3.2.2. MED: Talent placing sheet on stage

3.2.3. CU: Microscope stage with protective sheet as liquid cell is placed in position

3.3. After attaching the colloidal probe to the scanning head, assemble that onto the AFM. Start the AFM and instrument software and use the scan head adjustment knobs to bring the cantilever tip into focus and align the laser.  To align the laser, monitor the laser intensity and maximize its value. (TEXT: Video shows use of Asylum Research MFP-3D-Bio AFM and software) 

3.3.1. MED: Talent attaching scanning head to atomic force microscope

3.3.2. WIDE: Talent adjusting the scanning head controls to bring tip into focus and align laser while monitoring computer.  If possible, show feedback used for tip focusing on computer screen.

3.3.3. SCREEN: Intensity feedback used for laser adjustment as it goes goes from sub-optimal to optimal value. 

3.4. Allow the system to equilibrate in air (TEXT: Allow 5–10 minutes for equilibration), and then use the deflection adjustment knob to bring the deflection to zero or a slightly negative value.  Next, from the Master Panel window of the software, go to the Thermal Panel to find the sensitivity of the colloidal probe. Select “Calculate Inverse Optical Lever Sensitivity” (TEXT: Cal InvOLS–Calculate Inverse Optical Lever Sensitivity) and then “Capture Thermal Data.” 

3.4.1. WIDE: Talent using deflection adjustment knob and monitoring value.  Don't show feedback in shot to allow reuse.  (Video editor: Please show 3.4.1 and 3.4.2 at the same time.  Possibly 3.4.1 in upper left and 3.4.2 in lower right.  3.4.1 can be smaller and/or overlapped)

3.4.2. SCREEN: Deflection value before being adjusted, then changing as it is adjusted

3.4.3. SCREEN:  Navigate to Master Panel, from there to Thermal Panel

3.4.4. SCREEN: Select Cal InvOLS and then Capture Thermal Data

3.5. When a prominent peak is apparent, stop capturing data.  Click to zoom in on the main peak. Then select “Initialize Fit” followed by “Fit Thermal Data.”  A sensitivity value will be calculated. Follow a similar procedure to determine the spring constant of the colloidal probe.

3.5.1. SCREEN: Data being collected and prominent peak found 

3.5.2. SCREEN: Cursor moving to main peak, and clicked to zoom.  Move cursor to Initialize Fit and click.  Move cursor to Fit Thermal Data and click.

3.5.3. MED: Talent working with computer AFM controls.  

3.6. Once the sensitivity and spring constant have been found, it is time to add the medium to the liquid cell.  Use a syringe containing at least 2 mL of HPFP to slowly add 2 mL, while ensuring there are no bubbles present around the cantilever.  After adding the medium, realign the laser to account for a change in the refractive index.  Allow the deflection value to equilibrate in the HPFP for 5–10 minutes, then adjust it back to zero.

3.6.1. WIDE: Talent leaving AFM control computer and going to work with liquid cell

3.6.2. CU: Liquid cell as syringe is adding HPFP

3.6.3. WIDE: Talent manipulating laser alignment knobs on the scan head while monitoring feedback.  (Video editor: Please show this with 3.6.4 during the third sentence, with 3.6.4 being most important. [See 3.4.1])

3.6.4. SCREEN: Intensity feedback used for laser alignment ending with optimal value

3.6.5. REUSE 3.4.1 (Video editor: Please show this with 3.6.6 during the fourth sentence, with 3.6.6 being most important.  [See 3.4.1])

3.6.6. SCREEN: Deflection value as it is adjusted

4. Imaging, Data Acquisition, and Preparation for Analysis
4.1. When ready to scan, on the Master Panel set the initial scan size to 20 µm, scan rate to 1 Hz, scan angle to 90º, and set point to 0.2 V.  Begin scanning the sample. When a particle of interest is found, immediately zoom onto it to prevent extended probe interactions with the substrate. 

4.1.1. SCREEN: Navigate to master panel, have cursor slowly point out values in order that they are mentioned 

4.1.2. SCREEN: Start of sampling and collection of data  (Video editor: This can be sped up.  Please alert viewer if done.)

4.1.3. SCREEN: Identification of particle of interest and zoom

4.2. Scan to acquire an image sufficient to locate the particle on the substrate or know the heights of it major features.  Then switch to the Force Panel in the software. Move the red position bar to the highest position.  Set the force distance to 5 µm, the scan rate to 0.1 Hz, and trigger channel to none. Make a single force measurement and make sure the probe does not contact the substrate.
4.2.1. SCREEN: Evolution of a sufficient image (Video editor: This can be sped up.  Please alert viewer if done.)

4.2.2. SCREEN: Navigate to the Force Panel.  Move the position bar to the highest position. 

4.2.3. SCREEN: Set the force distance to 5 µm, the scan rate to 0.1 Hz, the trigger channel to none.  Start a force measurement.
4.3. From the graph obtained, right click on the graph window and select “Calculate Virtual Deflection Line.” This will automatically calculate and update the vertical deflection. Now, change the trigger channel to deflection and set the trigger point to 20 nm.  Set the force distance to 1 um. Adjust the scan velocity to 200 nm/s, appropriate for the forces associated with this particle.  Then, conduct the first of 2 to 3 single force measurements.  

4.3.1. SCREEN: Completed force measurement graph.  Right click and selection of  “Calculate Vertical Deflection Line”  (Video editor:  This goes with first two lines)

4.3.2. SCREEN: Change trigger channel to deflection and trigger point to 20 nm.  The set force distance to 1 µm.  Set scan velocity to 200 nm/s.  Start a force measurement.

4.4. On completion of the measurement, go to the Force Panel and click on Review to open a Master Force Panel.  Highlight the most recent force measurement and check that under the Axis heading only  (TEXT: DeflV–Deflection Vertical) is checked.  Also, change the X-Axis input field to the separation distance. (TEXT:Sep–Separation Distance) Then click on Make Graph.
4.4.1. SCREEN: Completed measurement. Click on Review. Highlight force measurement, point out only DeflV is checked

4.4.2. SCREEN: Change X-Axis input to Sep.  Click on Make Graph
4.5. Go to the Parameters tab (TEXT: Parm–Parameters) on the Master Force Panel and adjust the value of the Inverse Optical Lever Sensitivity until the contact region of the graph is completely vertical. Note the value. Return to the Master Force Panel, open the Force tab and the Calibration sub-tab. Then enter the Inverse value of the Inverse Optical Lever Sensitivity in the field for Deflection Inverse Optical Lever Sensitivity.
4.5.1. SCREEN: Go to Parm tab.  Adjust InvOLS until contact region is vertical. Copy this value to clipboard (Video editor: Goes with first two lines)

4.5.2. SCREEN: Navigate to Master Force Panel, Force tab, and Calibration sub-tab

4.5.3. SCREEN: Paste Inverse value in Defl InvOLS
4.6. Repeat the force measurement and adjustment of the sensitivity two or three times to ensure the value does not change significantly.  With the parameters set, check the liquid medium level and the stability of the deflection. Proceed with measurements of force curves or force maps.

4.6.1. MED: Talent at computer controls for AFM.  If screen is shown, it should shown images related to adjustment of sensitivity

4.6.2. WIDE: Talent rising from computer to check liquid cell.  Talent returning to computer and starting measurements  (Video editor: Please transition to next shot to suggest the passage of time)

4.7. After measurements are complete, determine the true sensitivity of the probe.  Remove the liquid cell with the substrate and replace it with a liquid cell with mica or other hard surface. Immerse the mica in the same liquid medium.  

4.7.1. WIDE: Talent going from computer controls to replace liquid cell

4.7.2. MED: First liquid cell being removed and replaced

4.7.3. CU: New liquid cell in position as liquid is added

4.8. Proceed by conducting a force measurement with the colloidal probe using a relatively large deflection so the force curve has a long region of contact. The software determines the sensitivity using the slope of the contact region. Use the software calculated sensitivity during the analysis of curves obtained with the probe.

4.8.1. WIDE: Talent returning to computer controls and preparing to perform measurements

4.8.2. LAB MEDIA: “Figure 2.tif” (Video editor: Use this with the last two lines)

5. Results: Interactions between Lipid-based Particles and Model Pressurized Metered Dose Inhaler Propellant
5.1. This topographical image of a particle substrate was achieved using a colloidal probe in  2H-3H-perfluoropentane.  The image is less defined than those obtained with a sharpened conical tip.  The goal, however, is to find a substrate particle for evaluating inter-particle interactions.  Scans can further focus on the surface of a single particle.

5.1.1. LAB MEDIA: “51874_Chrzanowski_Figure 5A”, “51874_Chrzanowski_Figure 5B”, “51874_Chrzanowski_Figure 5C” (Video editor: Please start with “5A” during the first two sentences. Then replace it with “5B” for the third sentence.  Replace “5B” with “5C” for the last sentence.)

5.2. Force mapping with lipid-based particles in 2H-3H-perfluoropentane can provide both topographical maps of the sample height and an adhesion map conveying the maximum pull force of each individual force curve.  Both types of raw data graphs can be viewed in three dimensional representations. Overlaying them produces a three-dimensional illustration of the distribution of adhesion forces as a function of the topography. 
5.2.1. LAB MEDIA: “51874_Chrzanowski_Figure 7A”, “51874_Chrzanowski_Figure 7B” (Video editor: Please start with “7A”  and “7B” side by side.  Highlight or place “7A” in the foreground during “topographical maps of the sample height”.  Change highlight/foreground to “7B” during “adhesion map conveying ….force curve.”)

5.2.2. LAB MEDIA: “51874_Chrzanowski_Figure 7C”,“51874_Chrzanowski_Figure 7D” (Video editor: Please visually associate “7C” with “7A” and “7D” with “7B” by placing the new figures under the images of 5.2.1 and then removing “7A” and “7B”.)

5.2.3. LAB MEDIA: “51874_Chrzanowski_Figure 7D” (Video editor: Please visually suggest the two images of 5.2.2 are used to produce “7D”.  In the end, “7D” should be shown alone on screen.)
5.3. Dwell force measurements allow the study of the effect of contact mechanics and length of contact on the adhesive forces.  Solid lipid particles were used and measurements indicate that adhesive forces increase as a function of time using indentation dwell.  The adhesive forces plateau using deflection dwell.
5.3.1. LAB MEDIA: “51874_Chrzanowski_Figure 8.tif”  (Video editor:  Please point to the blue line during “...adhesive forces increase as a function of time using indentation dwell.” Remove and point to red line during the last sentence.
6. Conclusion (said by authors on camera)
6.1. Dexter D’Sa: While attempting this procedure, it’s important to remember to appropriately equilibrate the liquid media prior to starting measurement to ensure that the most accurate results are obtained.
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, 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.
 2012, Journal of Visualized Experiments


