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EXPO Concept Paper: Knitted Cell Membranes


Our EXPO project will model the different consistencies of plasma membranes based on temperature, lipid length, and lipid saturation. These factors affect the fluidity of plasma membranes, and controlling the fluidity of a membrane is important for its contents, be it a cell or a plastid or any other membrane-bound entity. The membrane is responsible for allowing molecules and ions in and out to provide for nutrition, communication, and waste expulsion, among other things. However, the membrane can only do this if it maintains the right level of fluidity. We hope to model membranes that have a good fluidity level, as well as membranes that are too fluid or too rigid.


We chose this concept because fits perfectly with our chosen medium of knitting. We are both avid knitters, and we thought it would be interesting if we could use our knitting skills to model something from the world of biology. Knitting is great for modeling membrane fluidity because, like the fluidity of membranes, the overall elasticity of a knitted sample depends on several factors. Needle circumference, yarn weight, and stitch type affect the tightness and elasticity of knitted fabric. For our project, we will knit samples that vary in these traits. Each “knit elasticity factor” will correspond to a “membrane fluidity factor”. For example, temperature will be represented by the weight of the yarn. The table below outlines the correspondence of the factors:

	Axis
	Membrane Fluidity Factor
	Knit Elasticity Factor

	x
	Low temperature
	Heavy yarn weight (multi-ply)

	
	Medium temperature
	Medium yarn weight (2 or 3-ply)

	
	High temperature
	Light yarn weight (1-ply)

	y
	Mostly saturated fats
	Tight stitch

	
	Balance of sat. & unsat. fats
	Medium stitch

	
	Mostly unsaturated fats
	Loose stitch

	z
	Long lipid tails
	Smaller needles

	
	Medium-length lipid tails
	Medium-sized needles

	
	Short lipid tails
	Bigger needles


Knitted swatches will be presented with a representation of a three-dimensional cube. The swatches will be arranged in a logical way, so that along each axis of the cube one factor will be increasing or decreasing. There will be one swatch for each possible combination of x, y, and z factors, and they will be presented in order on the cube. The finished project will allow people to stretch the swatches in their hands and literally feel the fluidity of the membrane by testing the elasticity of the knitted swatch. Figure 1 on page 4 spells out the specifications for each swatch.

Observers of our project will see that the swatches with the three most limiting factors (low temperature, high saturated fat content, and long lipid tails) will be impractically rigid, helping them see that a plasma membrane built in this way at this temperature would not be able to let substances through its membrane to receive nutrition, expel waste, or communicate with other cells. Conversely, the knitted sample that corresponds to the highest fluidity (high temperature, lots of unsaturated fat, and short lipid tails) will be incredibly stretchy and loose. This will obviously not work for a cell, because it will not be able to be selectively permeable, and will not be able to block out toxins or build electrochemical gradients. There would even be a danger of the membrane falling apart under such extreme conditions.  Our audience will also be able to see and feel that the ideal combination of lipid length and saturation varies as temperature changes, and we will point out that living cells need to be able to alter these factors dynamically.


Ideally, we would like to include cholesterol content in our project. Integrating beads into a swatch would look nice and provide a noticeably different sensation from the plain knits. Adding beads generally causes knitting to become tighter, so the representation of cholesterol will not be able to perform the function of cholesterol in mitigating membrane fluidity.  However, adding beads to one of the looser knits would tighten it usefully, and the presentation could say that cholesterol would loosen a tighter swatch.  Any swatch demonstrating cholesterol’s influence will probably be presented separately from the cube. 


The process of creating this project is rather lengthy. First, we had to decide which factors would best represent the factors we were hoping to convey. We decided that using different yarns as a factor would add too much variability to each knitted swatch, since the exact difference in yarn weight would be not at all constant between yarns. So instead, we decided to make the yarn thicker simply by doubling it up, or even tripling it up to increase the weight. This will make each swatch knitted with an extra ply thicker by a measured amount instead of a random one.


From experience, we already knew the different stretchiness of the different stitch types. Ribbed stitch is traditionally used at the ends of sweater arms and at neckholes to provide a stretchy finish. Garter stitch is also very stretchy, more so than the ribbed stitch, but its stretchiness is in the vertical direction rather than the horizontal, relative to the knit. Then we have stockinette stitch, which is still somewhat elastic but less thick. Depending on our ongoing trials, we may assign stockinette stitch as the “balance of saturated and unsaturated fats” factor. Stockinette is generally the most recognized knit stitch, and we think people might identify better with this stitch as the “normal” stitch. So we will try out a few other types of stitch to see if one of them is more appropriate in representing a membrane with mostly saturated fats.


As far as which kind of yarn to use, we have decided to use normal, worsted-weight Red Heart brand yarn. This is a generic acrylic yarn that is not overpriced or made with any special flashy materials that would increase its value. These “extras”, although they may increase yarn softness and appearance, are not relevant to our project, so we chose a basic yarn. An exception to this is color, which we will utilize to emphasize the concept of temperature change. Swatches knitted with red or orange yarn will represent high temperature, green medium temperature, and blue low temperature. However, we will use the same type of yarn so that while the color will be different, the look and feel of the yarn will not be affected by the temperature factor. Red Heart yarn is thin enough that increasing its ply count threefold will not make it too thick to knit.


We also have to choose what size needles will represent the three different lipid lengths. The smallest will probably be around 3, the medium around 10, and the largest not more than 35. This is based off the needles that we both already have at home. We have made a number of sample swatches already to experiment with ply count and needle size and have come to the conclusions described above.


The project’s cube concept will be presented with accompanying signs and labeling at the Expo. The cube will consist of wire frames to which the knitted swatches are attached in such a way that people can stretch them. (Figure 2 on page 5 shows one possible presentation.)  We will encourage people to touch the swatches and ask them to test which membrane they think would best serve the needs of a cell or an organelle. We think that by touching and stretching these knitted samples, people will use their sense of touch to learn how different factors affect membrane viscosity, and why it is so important that all these factors align in the right way. We hope that people looking at and touching our project will learn which factors are important in membrane viscosity and how membranes’ ideal lipid composition changes with temperature.


Our group consists of Kylee Peterson and Kyla Linnenkohl. Since both of us are knitters, we will split the work in half and will each knit 13 or 14 swatches for our cube. We will distribute the swatches in terms of difficulty, because some swatches will knit up a lot more quickly and easily than others. Kyla wrote most of the paper, and Kylee did the most experimenting with needle size and ply count, and will take the time out of her weekend to shop for the yarn. We will create our cube, our signs and our labeling together, once all the swatches are made.

The undersigned hereby agree to the project outlined in this paper and the work involved in creating it.

Kylee



date


Kyla



date

Fig. 1.  Diagrams of each face of the cube.
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Fig. 2.  Proposed presentation of the cube structure.

The open star indicates the loosest swatch, the closed star the longest.
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