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The protein actin is a main component of the cytoskeleton, and it plays an important role in cell motility, contraction, and the internal movement and organization of the cell. Within the cell, actin is known to self-organize into bundles and form networks of polymers and cross-linking proteins, the properties of which can be influenced by the external environment. We will study the response of these networks to stress applied to fibroblast cells either directly or through the cells’ focal adhesions to an extracellular matrix of known mechanical properties. Imaging of the cytoskeleton during deformation will be achieved by the expression of green fluorescent protein markers linked to the actin-binding protein zyxin. We hope to develop a model for how the elastic properties of the cytoskeleton are determined by the organization of the actin network.

Introduction

This first paragraph will be about actin in general, i.e. what it is, what it does, why studying it is important. It will include neat factoids about how actin in cells forms different structures than actin in vitro, and how the physical, extracellular environment influences the way actin is organized in the cell. I will add it later.

Study of the mechanical properties of cells has been pursued in two different ways. Protein structures grown outside of the cell are more easily characterized and manipulated (e.g. quite recently by Shimozawa and Ishiwata, 2009). However, since actin forms very different structures in the cell than it does in laboratory conditions (citation needed), the applicability of measurements of actin’s properties as obtained by in vitro measurements is far from universal. On the other hand, many measurements of the mechanical properties of cells have been made, but the vast majority of these experiments approach the problem using a continuum model wherein the material of the cell is considered to be homogenous—the microstructure of the cell is neglected (citations needed). Measurements such as these can be quite useful for understanding the behavior of cells or groups of cells across length scales greater than the size of an individual cell, but they will be less helpful for the study of intracellular processes.

Some few studies have focused on force propagation through the microstructure of cells (Hu et al. 2002, Karcher et al. 2003, Paul et al. 2008). These studies typically use indirect methods, supplemented with modeling, to draw conclusions about the behavior of actin and its associated proteins under stress. We propose to investigate the strain response of actin directly, by imaging the cytoskeleton while applying a known force to the cell. In this manner, we hope to gain a deeper understanding of the ways in which cells shape and are shaped by their environment.

Methods
A lot of these cell biology papers’ methods sections seem to be made up partly of acknowledgements, like “cell line was courtesy of Researcher A” or “cooked up gelatin according to recipe found in source B” or “used micromanipulator tool and software by company C.” I will have to sort out all of the credits and stuff like that later, but I can at this point summarize the techniques I used. I got my stable GFP-zyxin-expressing proteins from Jon Stricker; who knows where he got them. The cells were plated on a compliant medium (polyacrylamide gel) attached to coverslips. The coverslips were activated by the Vesna/Jacobson method so that the gel would stick. The gel itself is a recipe I got from Margaret Gardel; the important feature is that it has spheres mixed in which absorb/emit in different frequencies than GFP. Thus the medium can be imaged along with the cell. The young’s modulus of the gels will be determined using a rheometer; I don’t actually know much about that yet. I can’t recall the brand name of the fluorescence microscope we used; I’ll add it later. The micromanipulator and software are made by Sutter Instruments. Images were captured using Metamorph software, and I don’t yet know how to cite the image analysis software I’ll be using. The actual procedure, wherein we imaged cells before and after they were stretched via a force applied to the medium with a micropipette, was developed by Margaret Gardel as far as I know. Image analysis will yield a strain field within the cell (and in particular along actin bundles); this will be the meat of the data which we analyze.
Fake Results
We looked at xx (number of) fibroblast cells. Recordings were made on 2 image channels (figure 1). Cell and substrate were imaged in their pre-stress state and after stress had been applied. At the end of each experiment, the cell was removed from the substrate, which was then imaged in its unstressed configuration. This allowed us to determine at least in broad strokes the degree to which the actin network in the cell was prestressed prior to our experiment. We tracked GFP fiduciary markers along the actin bundles to determine both the overall strain (∆L/L) of an actin bundle as a function of force applied (allowing us to determine a Young’s modulus for actin in vivo, although we emphatically do not expect this value to be general for all cells in all circumstances) and strain within a single actin bundle as a function of distance from the focal adhesion (figures 2 and 3). 
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Dummy Figure 1. GFP images of a cell before and after stretching. a) A typical sample cell resting comfortably on its substrate prior to stretching. b) The same cell after stretching. The cell has gotten quite a bit larger and fatter, and a significant amount of photobleaching has also occurred. (Strain field will either be superimposed on the image, as shown, or shown in a separate figure, depending on how it ends up looking.) c) This is a crappy cell phone picture of how actual cells look. I liked this one because it looks kind of like an outline of cat b’s head (his chin would be at the bottom right).

[image: image4.jpg]Strain

ssays




Dummy Figure 2.  Stress-strain plot of actin in vivo. Something interesting will be said about this plot after I make it.
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Dummy Figure 3. Plot of strain as a function of distance from the point at which the stress is applied (focal adhesion). Hopefully this will not just be a flat line. If it is then I won’t include it. 
Another important bit of data which we will use to determine the force acting on the cell is the elastic modulus of the polyacrilamide gel substrate. This information can be found using a rheometer.
Additional results will be included depending on time and on what things we find ourselves capable of doing. We may take a series of time-lapse images of cells following the application of an external force to see if the strain field changes over time. (In ordinary materials the phenomenon of relaxation is often observed, but within the cell it might be possible, due to the ability of the cell to actively reinforce stressed actin bundles and the presence of motor proteins, to see very different effects. Or maybe not; we’ll have to see.) We may also plate cells on media of varying stiffness in an attempt to observe phenotypic differences in actin properties provoked by the difference in external environment. 
Hypothetical Conclusion
In this section I will tie together my results and make whatever general statements I can about them. These statements may include comments about the ways in which these biological materials can be considered similar to the more familiar non-biological materials, and in what way they differ significantly. We will compare the properties of the cytoskeleton, such as young’s modulus, to similar results that have been previously acquired in vitro (such as citation needed) and in vivo (such as citation needed). I will be especially interested to see whether my results about how force propagates away from focal adhesion sites indicate significantly different behavior than that observed by studies which consider the cell as a homogenous medium, as this may reveal situations in which those results should not be considered valid. There will also be some other stuff that I haven’t thought of yet.
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