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Rule-to-Build-By:  
This project falls under the second rule to build by, which is “to construct self-supporting 
structures, balance forces of tension and compression.” (Morris, Lane 2016) 
 

What:  
To illustrate this rule-to-build-by, the cytoskeletal system of the HeLa cell, consisting of the 
microtubules, actin filaments, and intermediate filaments, are used as the cellular structure that 
upholds this principle and the cables and towers of the Brooklyn Bridge are used as an example 
of a human-built structure that upholds this principle.  
 

How:  
The cytoskeleton of all cells, including HeLa cells, are comprised of three functional classes of 
proteins; microtubules, actin filaments, and intermediate filaments. The cytoskeleton works 
together to maintain the structural integrity and strength of the cell while also being an important 
contributor to intracellular transport of secretory vesicles. The three classes balance forces of 
compression and tension where the microtubules bear compressive loads and actin and 
intermediate filaments bear tensile loads. Cytoskeletons balance compression and tension, and 
yield to forces without breaking (NASA, 2002).   
 
Microtubules are made of alpha-beta tubulin dimers that polymerize to create sheets composed 
of 13 protofilaments folded into a tube structure. “Each protofilament in a microtubule is 
assembled from subunits that all point the same direction, and the protofilaments themselves are 
aligned in a parallel” (Albert B, Johnson A, Lewis J, et al, 2002). Microtubules can bear 
compressive loads which “helps stabilize cell shape by balancing tensional forces within a 
prestressed cytoskeleton” (Brangwynne et al, 2006).  
 
Actin filaments are composed of actin monomers that display great tensile strength. Tension 
develops as a result of the helical structure that the monomers create one at a time (Schutt and 
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Lindberg, 1992). Tension in actin filaments are so prevalent that it is suggested to be the reason 
an actin filament reduces effectiveness of cofilin binding, the actin binding protein responsible 
for severing actin (Hayakawa, K., Tatsumi, H. & Sokabe, M, 2011).  
 
Intermediate filaments are made of an alpha-helical coiled-coil dimers organized in a staggered 
tetramer configuration. The tetramers bound together in a ropelike fashion make up the ropelike 
filament. Intermediate filaments are the strongest of all the proteins of the cytoskeleton and 
provide strength to cells that are composed of proteins expressed in different cells (Cooper, 
2000). Similar to actin, intermediate filaments maintain shape by giving rigidity and bearing 
tension (ThermoFisher Scientific, 2016).  
 
When testing with HeLa cells, the samples are laid flat upon a coverslip. In this flattened 
perspective, the cell is stretched and the filopodia are attached to one side while the body is 
stretched outwards, referring to Figure 3. When flattened cells are observed using 
immunofluorescence, the microtubules are stained green with DM1A-FITC and the actin are 
stained red with Rhodamine Phalloidin, as seen in Figure 6. HeLa cells cultured on glass 
substrata produce numerous prominent focal contacts, which reside at the termini of actin 
microfilament bundles, which are the adhesions that bind a cell to its substrate. Focal contacts 
have been shown to occur at the peripheral ends of actin microfilament bundles and also contain 
the cytoplasmic proteins alpha-actinin (Morgan and Garrod, 1984), as shown in Figure 2. Alpha-
actinin is a cytoskeletal actin-binding protein that forms anti-parallel rod shaped dimers with 
one-actin binding domain at each end. In non-muscle cells like HeLa, alpha-actin is found  along 
the actin filaments and adhesion sites and also associates with cytoplasmic domains of 
transmembrane receptors and ion channels (Sjoblom, B., Salmazo A., & Dijinovic-Carugo, K., 
2008).  
 
The Brooklyn Bridge is one of the oldest suspension bridges in the United States. The bridge 
follows the principle of balancing forces of tension and compression in that the towers bear a 
compressive load and the cables bear a tensile load. Highly tensile cables are used because a 
single steel wire, only 0.1 inch thick, can support over half a ton without breaking. The force of 
tension is received by the two anchorages at the end of each side of the bridge, illustrated in 
Figure 4. When cars travel along the bridge, the cables are stretched which increases tension. The 
force of compression is pushed down on the suspension bridge’s deck and causes the cables to 
transfer forces of  compression down the towers, in Figure 5, which is met by the earth. The 
complete image of tension and compression on a bridge is seen in Figure 1 (Warwick Allen, 
2004).  
 

Why:  
Both the HeLa cells and the Brooklyn Bridge exhibit the principle of balancing forces of tension 
and compression. By balancing forces of tension and compression, the Brooklyn Bridge is able 
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to withstand obscenely large amounts of weight while maintaining its structure. The tension 
forces can continue to expand on the anchorages which allows the bridge to remain functional 
even under extreme conditions, like when there is bumper to bumper traffic on the bridge. The 
same follows for the cytoskeleton in HeLa cells that need to be able to withstand many 
conditions in order to be tested and stained for research. The HeLa cells have withstood years of 
mutations and environmental stimuli (Plopper, 2016).  
 
The balance of tension and compression are necessary to maintain the structural integrity of the 
cell. If any of the microtubules, actin filaments, and intermediate filaments were to not perform 
their function, many intracellular functions like cellular transport would not be carried out, which 
could prove to be detrimental to the cell. Though there are detrimental effects, microtubules also 
play a role in medical aspects. Microtubules play such an important role during M-phase of the 
cell cycle that they provide a possible target for cancer treatment (British Society for Cell 
Biology, 2016). The drugs nocodazole inhibit microtubule assembly by inhibiting polymerization 
and promoting depolymerization. Vincristine particularly has been used in cancer chemotherapy 
(British Society for Cell Biology, 2016). The maintenance of the cytoskeleton proves to be 
beneficial in more than one application.  
 
 
 

 
Figure 1: Suspension Bridge of Tension and Compression. This image shows the parts of the 
bridge that experience tension and compression. Notice how the tension moves through the 
cables and the suspenders. (Figure from Warwick Allen, 
http://www.warwickallen.com/bridges/index.htm) 
 



 4 

 
Figure 2: Focal Contact with Actin Filaments. This image shows the multiple proteins 
involved in focal contact in actin filaments. (Figure from NCBI, 
http://www.ncbi.nlm.nih.gov/pubmed/18488141) 
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Figure 3: Differential Interface Contrast Imaging of HeLa cell. This figure shows a DIC 
imaging of a HeLa cell with labeled features. Notice the filopodia at the top middle, the nucleus 
in the center, and the cytoskeleton surrounding the nucleus (Figure from Centre for Cell Imaging 
at the University of Liverpool, http://pcwww.liv.ac.uk/~cci/gallery.html) 
 
 

 
Figure 4: Anchorage Plaza. This image is of the anchorage of the Brooklyn Bridge that is 
responsible to receiving all of the tensile forces that are at work on the cables and the suspenders. 
(Figure from Michael Minn, 
http://michaelminn.net/newyork/infrastructure/manhattan_bridges/brooklyn_bridge) 
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Figure 5: Brooklyn Bridge Tower. This image is of one of the towers of the Brooklyn Bridge 
that receive the forces of compression that are met by the earth. Notice the cables that bear 
tensile loads surrounding the tower. (Figure from Michael Minn, 
http://michaelminn.net/newyork/infrastructure/manhattan_bridges/brooklyn_bridge) 
 
 

 
Figure 6: Immunofluorescence HeLa cells. This is an image of immunofluorescence HeLa 
cell. Stained red are the actin, stained blue are the nuclei, and stained green are the microtubules. 
Notice how the blue shies away from the green, making a sort of trail of microtubules (Figure 
from Sino Biological, http://www.sinobiological.com/CCNE1-Cyclin-E1-Antibody-g-
19190.html) 
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