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Rule-to-Build-By: 
Uniform stability and flexibility throughout a structure is necessary to ensure its ability for 
integrated movement.  
 
What: 

The comparison of cellular crawling in eukaryotic animal cells to the movement of 
continuous tread on a large machine such as a tank. Both of these mechanisms of movement are 
intended to move objects with a large amount of mass and organization in relation to their size. 
 
How: 

A continuous track on a motor vehicle is simply a loop of broad chain links/plates, all 
linked to one another, which are placed over wheels. These internal wheels contain rudders that 
can dig into specific points in the chain to drive the whole loop forward. In other cases, the plates 
of the track are bolted to the wheels of the motor vehicle (Wikipedia: “Continuous 
Track”/Beamond 8) (see figure 1). The compositions of the outside surface of the broad chains 
on a continuous track take on many different shapes, however each “link” is still identical to all 
the others. The outer side of the broad chains can contain protrusions, which allow the tread to 
gain a larger amount of traction in loose soil (Wikipedia: “Continuous Track”/Beamond 25).  

These broad chains give the continuous track its essential flexibility. If the track were 
composed of only several broad plates instead, the system would not work nearly as well, if at 
all. Smaller components (chains) are necessary so that the system can bend and modify its 
overall shape as it moves across various landscapes and terrains. If this structure were resistant to 
shape change, any type of obstacle on the ground would impede the movement of the entire 
vehicle. The flexibility of these chains ensures adaptability on any terrain, so that movement can 
still be accomplished.  
 The uniformity of all of the broad chains that compose a continuous track is what gives it 
its stability. Each link of the chain must be able to assume the role presented at any position on 
the entire track. This includes having force exerted upon them by the internal wheels to allow 
forward movement, digging into the ground to transform this force into forward motion, and 
being pulled upward on the back end of the loop during the movement (on the opposite end of 
the tread as the direction of the vehicle movement) (see indicator arrows on figure 1). The chain 
links/plates must assume all of these roles at some point in time. If one of these links in the tread 
were to break apart from its adjacent links, the entire system would fail to work. The force, 
energy, and stress needed for motion on a continuous tread is managed by uniform stability. 
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Cell movement, or cell crawling, occurs as the plasma membrane of a eukaryotic animal 
cell is pushed outwards and adheres to a new area of surface in a particular direction. The driving 
force behind the movement is fueled by the polymerization of actin near the surface of the 
plasma membrane, particularly in the region of the plasma membrane closest to the direction of 
the cell movement (Plopper 175). The polymerization of actin occurs as actin monomers bind to 
an ATP molecule, which causes a conformational change in the protein, giving it an affinity to 
binding to other actin monomers (Plopper 166). The filaments formed by the bonded actin 
monomers typically disassociate in the cytosol, as the monomers hydrolyze the bound ATP 
molecule. However during cell movement, a capping protein binds to the negative end of the 
filament, which points inward towards the cytosol. This inhibits the breakdown of the actin 
filaments, and causes them to continuously grow towards the plasma membrane, pushing the 
membrane forward (Plopper 175). As this protrusion of the plasma membrane occurs, adhesion 
molecules gather in the extending region. This allows the cell to essentially bind to the substrate 
on which it is crawling (Ananthakrishnan 2007) (see figure 2). Relating it back to the continuous 
track system, these adhesion molecules can be seen as the protrusions on the outside of the track 
that enable it to gain traction. The traction is necessary to ensure continuous movement forward. 

While these processes occur in the “front” of the eukaryotic cell, the back end of the cell 
must lose its adhesion to the substrate, so the cell can be successfully pulled forward without 
causing a rupture from hyperextension. This occurs through the disassembly/retraction of these 
adhesion molecules from the exterior surface of the plasma membrane (Ananthakrishnan). In the 
body of the cell (closer to the back end), these adherence molecules, also known as integrins, 
bind to polymerizing actin through a myosin protein. This myosin serves as a motor protein, and 
works to pull the cell body forwards, towards the direction it’s moving (Plopper 177). These 
specialized actin molecules are known as stress fibers (Plopper 177). 

The combinations of these processes within the cell produce a tumbling-like motion of its 
external surface. The front end of the cell is pushed forwards, as well as downward, as actin 
polymerizes in the front end of the cell (see figure 2). The back end of the cell is also pulled 
forwards, but in a contrary upwards direction (Ananthakrishnan 2007). The combination of these 
motions produces an overall circular motion of the plasma membrane as the cell crawls. This can 
compared to the movement of a continuous track, and involves the same Rule to Build By. The 
flexibility necessary for proper motion is represented by the plasma membrane of the eukaryotic 
cell. Like the chains/plate links on the continuous track, the plasma membrane must be able to 
alter its shape in order to conform to the shape of the surface it is crawling on. Additionally, the 
flexibility of the plasma membrane is necessary so that the protrusions in the front of the cell can 
form at all. Flexibility of the plasma membrane is not just beneficial, but required for a cell to 
move at all (Plopper 176). Just like the continuous track, a rigid structure made of only several 
large pieces would not be a functional movement mechanism. Many linked pieces (chains/plates 
on a continuous track, phospholipids of the plasma membrane) create a much more adaptable 
structure. 

The uniformity of the plasma membrane is what creates the stability of the entire 
structure, enabling movement. The plasma membrane is composed of a phospholipid bilayer, 
which is a fluid-like structure that forms a continuous barrier between the internal and external 
environments of the cell. The entire membrane is composed of only phospholipids; any region of 
the membrane can hold any function. Any region of the phospholipid bilayer can be pushed 
forwards through actin polymerization, or can anchor integrin proteins into the cell as they bind 
to substrate. Because of this uniformity, the cell can constantly shift these factors around within 
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the cell, so that continuous motion can be achieved in any direction. Additionally, the uniformity 
of the phospholipids throughout the membrane enable them to associate strongly with each other, 
to form a barrier, which is highly resistant to being torn apart. Due to the hydrophobic nature of 
the tails of the phospholipids, these regions of the molecules must constantly be shielded from 
the aqueous environment present in and around the cell. Spontaneous reformation of the 
membrane will always occur due to this property, so that there will never be any “holes” or 
“tears” in the membrane (Plopper 13). 
 
Why: 
 The continuous track offers several advantages over ordinary wheels for vehicles. In 
heavyweight vehicles, such as tanks and tractors, the mass of the vehicle can be spread out over a 
larger area. This eliminates the stress that would be applied to only a few sets of wheels 
(Wikipedia: “Continuous Track”/Beamond 16). Continuous tracks can also be built with 
materials (such as steel), that make it much more damage-resistant than ordinary wheels 
(Wikipedia: “Continuous Track”/Beamond 16).     

The plasma membrane, as well as actin, are extremely versatile components of cellular 
anatomy. The plasma membrane not only forms a spontaneous continuous barrier between the 
internal and external environments of the cell, but also is selectively permeable. Since the 
internal layer of the plasma membrane is composed of fatty acids, the plasma membrane 
prohibits the movement of water-soluble (polar) molecules between the two environments 
(Cooper 2000). This ability to have different concentrations of various molecules between the 
interior and exterior of the cell gives the cell a way to hold potential energy through a gradient. 
This concentration gradient is maintained with proteins such as channels, carriers and pumps, 
which are found within the membrane (Plopper 25). It also gives it the ability to regulate its 
internal environment by blocking what molecules are able to gain entrance. The fatty acids in the 
interior of the bilayer of the membrane also typically contain double bonds between carbons. 
These produce “kinks”, which enable the fatty acids to have space in between one another, 
producing a flexible, fluid-like membrane (Cooper 2000). This fluid mosaic trait of the plasma 
membrane enables the free movement of molecules that remain anchored within it, enabling 
them modify their location in response to various situations. 

Actin and the plasma membrane may also work together to create other types of motion 
within cells, to give them other types of advantages and abilities. Bundled actin can also be 
polymerized near the plasma membrane to create thin projections known as microvilli. These 
microvilli have a vast amount of functions depending on the particular cell. One of the most 
major is the ability to push substrate along the cell surface by waving many microvilli together in 
a synchronized motion (Diwan 1998). This gives the cell the advantage of being able to regulate 
the environment it’s present in by moving substrate.  
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Figures: 
 

 
Figure 1 The continuous track found on the NASA Crawler, one of the largest vehicles in the 
world (Shiflett). The Red arrow points to a single plate of the continuous loop. The blue arrow 
points to the wheels, which provide the force that drives the track forward. The white arrows 
indicate the motion in which the track moves. Note that all of plates are identical to one another, 
and that each is linked to the plates adjacent to it. Also note the bends in the loop, particularly in 
the top right quadrant of the track, this indicates the flexibility of the system. Image modified 
from Kim Shiflett’s original picture from 2014. http://phys.org/news/2014-02-image-crawler-
transporter-milestone-nasa-kennedy.html 
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Figure 2 The illustration above displays the processes necessary for a eukaryotic cell to crawl 
(Plopper 176). The black arrows indicate the general direction that the cell is moving in. Note the 
distortions in the plasma membrane as the actin polymerizes in the front of the cell. This 
indicates the flexibility of the structure. Image supplied by George Plopper in his book 
“Principles of Cell Biology” 2013 on page 176. 
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Figure 3 Another image displaying cellular “crawling” is shown above Note that the actin is 
distributed throughout the cell (red X’s). This indicates how any region of the cell can become 
the protruding region at the “front” of the cell. The plasma membrane is uniform in its way that 
any part of the membrane can participate in any part of the process of movement. Image supplied 
from the journal of “The Forces Behind Cell Movement” by Ananthakrishnan and Ehrlicher 
2007. http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1893118/ 
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