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Rule to build by: The architectural principle used in the nature- built structure and the human- built structure
 in this paper is that to construct self- supporting structures, balance forces of tension and compression (Morris, R and
 Lane, E. 2010).

What: The molecular level structure that upholds this principle is the desmosome, which is found between two
 epithelial cells. The human built structure that upholds this principle is a button.

How: The desmosome is the most common specialized cell to cell junction that forms between two epithelial cells
 and is characterized by dense plaques of protein. Intermediate filaments are inserted into these plaques to connect the
 two cells (Alberts p. 702). These junctions provide mechanical strength to the cell because the desmosome forms the
 external adhesion that spans the membrane and is linked to the inside of the cell to strong cytoskeletal filaments
 (Alberts p.703). The desmosomes tie the cytoskeletal filaments into a network that extends from cell to cell across the
 whole expanse of the epithelial sheet (Alberts p.703).                                  

            Desmosomes are highly symmetrical, electron-dense plasma membrane domains associated with intermediate
 filaments (Company of Biologists 2010). The core regions of the desmosome include the intracellular space, which is
 an area of tight cell to cell adhesion (Company of Biologists 2010). The area of the cytoplasmic plaque connects this
 region to the intermediate filament network. Desmosomes are made up mostly of proteins that come from three main
 families. These families are the desmosomal cadherin’s, the armadillo family proteins and the plakin family of
 cytolinkers (Company of Biologists 2010).

 There are two types of desmosomal cadherins proteins; the desmogleins and the desmocollins (Company of
 Biologists 2010). These cadherin proteins bind to keratin molecules, which are a type of intermediate filament, found in
 the epithelia (Alberts p.704). The rope-like keratin molecules make a criss-cross pattern through the cytoplasm and are
 held in place to the keratin filaments in adjacent cells by the desmosomes (Alberts p.704).

            Plakoglobin is an armadillo family protein that binds to the cytoplasmic tails of the desmogleins and the
 desmocollins. It is also closely related to the adherins junction molecule beta-catenin (Company of Biologists 2010).
 These proteins are thought to facilitate the attachment of intermediate filaments to desmosomal plaques (Company of
 Biologists 2010).

            The plakin family proteins are thought to link the cadherin tails to the intermediate filament network. They also
 play a role in lateral interactions that cluster desmosomal components, therefore driving the formation of a densely
 packed structure (Company of Biologists 2010).

The structure that makes up a desmosome is that of a dense plaque composed of a mixture of intracellular
 proteins on the cytoplasmic surface. There is a bundle of keratin filaments attached to the surfaces of each of the
 plaques (Alberts p.706). Trans-membrane adhesion proteins from the cadherin family (the desmogleins and the
 desmocollins) bind to the outer surface of each plaque and interact through their extracellular domains to hold their
 adjacent cells together (Alberts p.706). The ends of the keratin filaments are anchored to the desmosomes. They
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 associate laterally with other cell components through their globular heads and tail domains (Alberts p.576). These
 domains project from the surface of the assembled filament. The cabling of high tensile strength, formed by the
 filaments throughout the epithelia sheet, distributes the stress that occurs when the skin is stretched (Alberts p. 576).
 These domains are thought to be important for the regulation of junction assembly and specific attachment of
 intermediate filaments via associated adaptar proteins (Federation of American Societies for Experimental Biology.
 2010). It is possible that these junctions, along with being important for maintaining tissue integrity, are both acceptors
 and affectors of the cell signaling pathway (Federation of American Societies for Experimental Biology. 2010).

This complex molecule needs to have balanced forces of tension in order to be successful at its job. The
 Pemphigus vulgaris disease is an autoimmune disease that occurs when antibodies attack the desmosomes. This results
 in the loss of cohesion between the cells of the epidermis. This results in painful, blistering skin lesions. Since the
 desmosomes are being attacked, the right amount of tension that is needed to hold the cells together is not there
 (Elsevier B.V. 2010). Most diseases of a desmosome result in the disruption of a cell’s ability to adhere to another cell
 (Elsevier B.V. 2010). The right amount of tension connecting desmosomes to other desmosomes through intermediate
 filaments is what holds the cytoskeletal network together and keeps the cells in place.

A button is a human built structure that balances forces of tension and compression in order to function
 successfully at its job. A button is attached to one piece of cloth by pieces of string that have been weaved into the
 button. This is similar to the way desmosomes are attached to one another by intermediate filaments that are inserted
 into them. The button can then be inserted into another piece and binds the two pieces of cloth together. This is similar
 to the way the cadherin proteins of the desmosome bind to each other to hold two structures in place. These acts of both
 desmosomes and buttons need the right amount of tension in order to be functional. If the string of the button is too
 weak than there will not be enough tension to keep the button attached to one piece of cloth. When the button is
 attached to the other piece of cloth, there is a large chance that the button will break because there is too much tension
 pulling it on one side and not enough tension pulling it on the other.

Why: The cells of the epithelium are typically the cells that are exposed to the greatest variety of stressful conditions
 from the outside environment. They are exposed to different weather conditions and climates. They are the most likely
 to be destroyed on the skin from getting banged, scraped, burned etc. Since the epithelium is the organ that encases and
 protects the body’s internal and more vulnerable organs and cells, it is necessary that the cells of this organ have a
 higher resilience to external stresses (Ibelgaufts, H. 2010).

In the case of skin cells, there biggest danger is being harmed to the point where there cohesion abilities are
 weakened to the point that the cells are no longer able to attach to one another. Therefore, in their structure they would
 need the ability to keep cells connected to one another even under high amounts of stress. A great amount of tension
 between the molecules that keep the cells adhered to one another is a good way to withstand external forces. This is
 why the right balance of tension connecting desmosomes of different cells is so important in the structure of epithelium
 cells. Forces that are too weak between cells could easily be over ridden by the right external pressure. This would
 result in the disassembly of the cell to cell junction. Skin cells that can be so easily damaged are less able to perform
 their job which is to provide a covering and protection to the organs underneath the cell.

However, having uneven forces between the desmosomes of the cells would be just as damaging as having weak
 forces. Having one desmosome exert more tension than that of the desmosome of the cell it is attached too would be
 damaging to the less tense cell. Its desmosomes might be pulled off. The cell with the weaker desmosomes would have
 a hard time connecting to other cells. This would be disadvantages to the entire organ.

Also, an uneven distribution of forces of tension between desmosomes may result in damage too or a higher than
 usual amount of stress on the intermediate filaments that are connected to the weaker desmosomes and less stress on the
 intermediate filaments connected to the stronger desmosomes. Intermediate filaments are strong, ropelike structures
 that typically form a network throughout the cytoplasm, surrounding the nucleus and extending out to the cell periphery
 (Alberts p.572). There they are anchored to the plasma membrane by desmosomes (Alberts p.572). Intermediate
 filaments are built to withstand external pressures. They are meant to be able to stretch and distribute the effect of
 locally applied forces, and therefore, keep cells and their membranes from breaking in response to mechanical shear
 (Alberts p.575).
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This distribution of forces can only be most successful if the tension within the filaments of a cell is evenly
 distributed. An uneven distribution of the tension throughout the filaments could put too much pressure on the
 membrane of the cell and cause it to break (Alberts p.575). Since the forces put on cell membranes through
 intermediate filaments are directly connected to desmosomes, it is likewise, essential that there be a strong balance of
 tension beginning in the desmosomes and distributed throughout the entire cell (Alberts p.575).

By having buttons be firmly attached to one end of the cloth and then be attached but removable from the second
 piece of cloth, the button has a quick, but efficient function. It is able to securely keep an object open or closed
 depending on if the tension is being distributed to both sides of the cloth or just one. It is also able to be reused over and
 over again with little or no damage occurring to the object after each change in tension state.

Figures:

Figure 1: The human built structure is a button. This image gives an example of many different types of buttons (Glass
 p.1).

 

 

Figure 2: This is an example of the structure of a a desmosome. One is a live image taken with electron microscope and
 one is a cartoon drawing (Bowen, R. 1996).

 

Figure 3: This is a more detailed microscopic image of a desmosome. This image also gives a clear view of the
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 intermediate filaments that extend from the desmosome and give support to the cell (Lane, B. 2010).
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