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Short Abstract: This video demonstrates the use of Atomic Force Microscopy (AFM) to analyze both topography and the spatially-specific, mechanical properties of the cell wall of a filamentous fungus. These mechanical properties are important for both development and survival, and are dependent on temporal, environmental, and genetic variation. 

Long Abstract: While some species of filamentous fungi are prominent pathogens (of both humans and crops), others are used prevalently in the bioprocess industry amounting to billions of dollars in products annually. For nearly all species involved, both survival and development depend on the fungal cell wall. This robust, composite structure acts as an exoskeleton which maintains cell shape and integrity with a high degree of mechanical strength enabling the cell to withstand significant shear or osmotic stresses from the environment 1,2.  The wall also protects the cell from adverse conditions such as ultraviolet radiation, enzymatic attack, organic solvents, toxic chemicals, and desiccation 3.  Finally, the wall functions as a boundary between the cell and its surroundings. Its outer surface is the site of antigens and agglutinins which mediate cell adhesion to substrates, hosts or other cells, and serve as signal transduction pathways into the cell 
 ADDIN EN.CITE 
1,4
.
The cell wall varies as a function of time, environment, and genetic composition.  Spatially specific measurement of these changes will eventually allow development of both improved antifungals and higher productivity bioprocesses. We have used Atomic Force Microscopy (AFM) to both generate topographic images of the fungal cell wall, and to assess its material properties as a function of position 


5,6 ADDIN EN.CITE .  This video demonstrates the use of AFM in producing both a topographic scan of the cell wall as well as a force curve, which can subsequently be used to determine the elastic modulus of the cell wall.  
To carry out the tests shown here, a model filamentous fungus Aspergillus nidulans is grown from spores for several hours to produce healthy, branching hyphae 6.  The sample is then treated with sodium azide and adhered to a coverslip with polylisine.  The coverslip is placed in the instrument beneath a cantilever.  Finally, a laser monitoring the cantilever’s position is aligned and imaging begins 7. Note that deriving an elastic modulus from force curve data is beyond the scope of this manuscript and described in detail elsewhere 6.  

Text: should include a step-by-step description of the experimental procedure (protocol). Describe procedures in sufficient detail so that the work can be reproduced.   Please use complete sentences, and write with a style similar to the example below, so that the protocol sounds natural when read.   

Part 1: The fungal culture sample to be analyzed must be prepared prior to the procedure 6
Part 2: Preparing the coverslip

2.1) The coverslip must be wiped several times with ethanol soaked laboratory tissue.  It should be checked in the visual microscope to ensure all residues are cleaned off.

2.2) 20 μL of polylysine solution is dropped onto the coverslip.  After waiting 30 minutes, the polylysine solution should be aspirated off.

2.3) The surface is rinsed by dropping and aspirating deionized water several times.  Checking in the visual microscope will ensure the surface is clean.

2.4) 20 μL of sample is pipetted onto the coverslip.  The visual microscope can confirm the presence of cells on the surface.  Waiting 10 to 15 minutes will allow the cell culture media to dry off.

2.5) The surface must be rinsed again with DI water to remove salt residues.  Be careful not to aspirate the cells off the surface.

Part 3: Preparing the cantilever fluid cell
3.1) A drop of PBS buffer is added to the sample.

3.2) The microscope stage must be lowered to allow ample room for the fluid cell.

3.3) The fluid cell is carefully placed over top of the sample slide and clamped into place.

3.4) The cantilever is then lowered to the sample; be careful not to go all the way to the surface of the slide.

3.5) A piece of white paper should be held inside the microscope chamber over top of the fluid cell and in the path of the laser.  A laser spot should appear on the paper, which should then be focused using the corresponding knobs.

3.6) The mirror is adjusted next to maximize the signal strength.

3.7) Finally, the photodetector reading is adjusted to approximately zero, indicating the laser is in a neutral position.

Part 4: Measuring the force curve

4.1) The AFM must be placed in contact mode with a scan size of zero.

4.2) The deflection set point should be set slightly greater than the photodetector reading.

4.3) Clicking the Engage button will lower the cantilever to the surface at which point the software will beep.

4.4) Cantilever deflections must be calibrated by measuring the force curve of the glass surface.
4.5) After finding a cell sample, the x and y offsets must be adjusted to center the sample.

4.6) Next, picoforce ramping mode is applied and the setpoint is set to zero.

4.7) Single force measurements are taken while gradually increasing the z scan start position until the forward pass and backward pass (red and blue lines) are closely aligned.

4.8) Clicking Capture saves the force curve data and Withdraw withdraws the cantilever.

4.9) Multiple cells can be analyzed by adjusting the x and y offsets to move to a different position of the sample and repeating the above procedures.

Part 5: Making a topographic image

5.1) The scan size should initially be set to zero and the x and y offsets adjusted to find the sample.

5.2) Clicking Engage lowers the cantilever tip.  When the cantilever contacts the surface, reduce the deflection set point to a negative value to draw the tip off the surface.

5.3) The desired scan size for the image should be selected.

5.4) The photodetector must be adjusted again as in step 3.7.

5.5) The deflection setpoint should be set 0.5 V greater than the photodetector reading.

5.6) When the imaging is complete, click Capture to save the image and Withdraw the tip.
6. Representative results

6.1) Figure 2 summarizes the analysis of force curves.  This procedure is described in more detail in the literature 6.

6.2) A representative topographic image can be seen in Figure 1.
Discussion: The filamentous fungal cell wall is a dynamic cellular structure involved in many important fungal processes.  Disruption of cell wall structure can substantially affect the growth, morphology, and metabolism of the fungi, causing cell death. Given the vital role it plays in fungal physiology, the cell wall has gained much attention and been considered an ideal target for antifungal agents 8. Similarly, the cell wall’s ability to resist fragmentation has made it an important topic of study in the bioprocess industry 9. 
In this video, we demonstrate a procedure for obtaining both topographic images and force curve measurements (Figures 1 and 2 respectively) of filamentous fungi in an Atomic Force Microscope (AFM).  The AFM operates by analyzing the reflection of a laser off the surface of a cantilever interacting with the sample through atomic forces.  This allows high resolution analysis of living samples 


10,11 ADDIN EN.CITE  under various environmental conditions. 
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Table of specific reagents and equipment:

	Name
	Type
	Supplier

	Aspergillus nidulans, A4
	Cell
	Fungal Genetics Stock Center

	Nanoscope IIIa Multimode AFM
	Instrument
	Digital Instruments

	Rotated TappingMode Silicon Probes
	Accessory
	Digital Instruments

	Olympus TappingMode Etched Silicon Probes
	Accessory
	Digital Instruments

	Silicon Nitride Probes
	Accessory
	Park Scientific Instruments

	12 mm glass coverslip
	Accessory
	Fisher

	0.01% Poly-L-lysine
	Reagent
	Sigma-Aldrich
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Tables
Figure legends
Figure 1.  Topographic images of germinating fungal spore.  (A) Image of spore.  (B)  Increasingly fine texture detail showing individual protein molecules on surface (inset).

Figure 2. Typical parts of an AFM force-distance curve. The cantilever starts away from the sample surface (A). As the sample is brought very close to the probe tip, an instability point is reached and the tip jumps into contact with the sample (B). Once the tip is in contact with the surface, cantilever deflection will increase as the sample continues moving up toward the tip (C). The shape of the approach curve in this region, called contact region, can provide direct mechanical information for the sample, such as elasticity and hardness. As the sample is withdrawn, the adhesion or bonds formed during contact with the tip may cause the tip to adhere to the sample some distance past the initial contact point on the approach curve (D). As the sample continues to move away, eventually the force of the bent cantilever overcomes the forces holding the tip in contact with the surface and the tip snaps away from the surface (E). The distance AE is a direct measurement of the adhesion between the tip and the surface.
Figures: should be uploaded electronically as separate files (TIFF, JPEG and other formats are acceptable)
