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Rule to build by: 
In order to move objects through spaces such as the cytoplasm or open ocean, special vehicles 
are needed which can carry, transport, and release these objects through a set series of processes.  
 
What: 
Vesicles within cells move proteins and other molecules from place to place within cells through 
the cytoplasm through the process of vesicle mediated transport. Ferryboats also have a set 
process for loading and unloading vehicles and people when transporting them across large areas 
of open ocean. 
 
How: 
The processes of forming vesicles from membranes within cells is a known as budding. When 
the same vesicles rejoin the membrane a different process is used which is known as fusion. Both 
of these processes are important in the life and function of a cell because vesicles are the 
structures that transport proteins and other large molecules through the cytoplasm of the cell. 
They can move molecules either from organelle to organelle, or from organelle to plasma 
membrane depending on the final destination of the contents. These processes are also known as 
two of the nine steps in vesicle mediated transport within cells. Vesicle mediated transport’s nine 
set steps are: cargo selection, budding, scission, uncoating, transport, tethering, docking, fusion, 
and disassembly (Plopper, 2016). 
 
The first step of this process, cargo selection, happens at the membrane. When proteins are 
made, the often contain signal sequences that will tell vesicles where in the cell the proteins are 
to be transported. If the protein lacks a signal sequence, they will be taken by secretory vesicles 
to the plasma membrane of the cell, and sent out of the cell (Kapp et al, 2009). The choice of 
cargo depends on the type of vesicle, just as the choice of which car is loaded next on to the ferry 
depends on the size and shape of the boat.  
 
Next, through the step of budding, the vesicle starts to break away from the membrane. This 
happens when coat proteins begin to form around the portion of membrane that will become the 
vesicle. These coat proteins force the membrane to bend and eventually form it into a sphere 
(Directing Traffic, 2016). To fully break away from the membrane however, the proteins (now 
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completely contained within the budded vesicle) must be cut away from the membrane in the 
scission step of the process. The protein dynamin uses GTP in order to cleave the newly formed 
vesicle from the membrane, creating a free-floating vesicle (Plopper, 2016).  
 
Once the vesicle is completely detached from the membrane of the ER, Golgi apparatus, or 
plasma membrane, the coat proteins which surround it allowing it to bud off from the membrane 
fall away in the uncoating process. This leaves the vesicle to be transported through the 
cytoplasm, to its final destination with the help of motor proteins such as myosin walking along 
the cytoskeletal fibers (Langford, 2002). 
 
Eventually, when the vesicle nears its target, it will connect with the tethering factor at the 
destination which attaches the vesicle to the membrane. Once the vesicle is attached to the 
membrane the SNARE proteins within its membrane will connect with the SNARE proteins in 
the membrane of the destination. This is the step of the process called docking, which pulls the 
vesicle in to the membrane so the process of fusion can occur. (Bonifaciono & Glick, 2004). 
Once fusion has occurred, the contents of the vesicle can be released. In order for membranes to 
fuse, the high-energy barrier must be lowered so that the membranes can be close enough to 
touch (Martens & McMahon, 2008). 
 
There are several different starts and ends for a vesicle within a cell. If the vesicle contains 
proteins made in the ER, then the vesicle will start by budding off of the ER membrane. From 
there it will fuse to the membrane of the Golgi apparatus where the proteins will be modified for 
further transport. Once they have been modified, the vesicle will again bud off of the Golgi 
apparatus and travel through the cytoplasm to the plasma membrane of the cell where it will fuse 
again, releasing its contents into the extracellular space. This is the exocytic pathway within the 
cell (Béraud-Dufour & Balch, 2002). Vesicles can also begin their journey at the plasma 
membrane of the cell. The process of endocytosis takes extracellular material and brings it into 
the cell with an endosome. This vesicle then fuses with a different vesicle within the cell to form 
a lysosome where the material is then broken down to be reused within the cell.  
 
Like the process vesicle mediated transport, ferryboats must also follow a strict set of processes 
when carrying out their daily duties. They transport cars and people from one destination to 
another, across large expanses of open ocean. When docking at these destinations the follow a 
strict set of processes in order to assure that their cargo is delivered safely and efficiently. Boats 
must first pull up to the “ferry slip” a specialized area made specifically for docking. At these 
areas they must then line up appropriately with the slip, in order to maintain a secure connection 
with the dock while loading or unloading their cargo (Ferry slip, 2016). At some docks, there 
may be large pylons, which the boat will bounce off of in order to align in properly with the 
dock. 
 
Once the boat has been aligned a ramp will lower down from the dock, forming a bridge between 
the boat and the land. After the crew has checked that the ramp is secure, they will remove a 
metal gate, giving the vehicles and people aboard an open path off of the boat. Once all of these 
steps have taken place, the ferry is able to either release all its cargo (if it is docking) or take on 
new cargo (if it is about to take off on a new trip). In order to be released from the dock, all these 
processes must be reversed so that the ferry can take off once again across the ocean.  
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Why: 
Vesicles must uphold these processes because they are essential to the function and life of the 
cell. If the nine steps of vesicle mediated transport are not carried out correctly, then the vesicle 
may not be able carry the proteins it needs to their destinations. By following each step in the 
processes closely and carefully, cells assure that the correct proteins are sent to the appropriate 
areas, and that the vesicle structure itself is upheld. Proteins are a vital part of cell and organism 
function. Every action that takes place depends on proteins, and without the correct ones the 
chemical reactions within a cell could not take place (Gaughan & Media).  
 
Structural integrity is important to vesicles. If the membrane of the vesicle were to burst, the 
contents would be released into the cytoplasm of the cell. In the case of an endosome, this would 
release unnecessary material into the cytoplasm of the cell without first being broken down into 
usable parts. Cells would also have to be constantly creating new membrane if vesicles did not 
fuse, otherwise the cell would constantly be shrinking. Membrane recycling allows for the cell to 
continue functioning regularly, and not have to focus its energy on making structures that it 
doesn’t have to (Cohn et al., 1983). This principle also applies to the transmembrane proteins 
that can become part of a vesicle if they are within the section of membrane that become the 
vesicle. Cells can recycle these proteins and put them back in the membrane to continue 
functioning, allowing for the cell to focus on other functions that creating these specific proteins.  
 
Over the years ferryboats have changed greatly, as well as the processes through which the boats 
dock and load at their different destinations. All of these changes have been based off making the 
boats safer and more efficient when carrying out their duty. If the steps in the processes of 
loading, docking, and unloading weren’t closely followed, there is high risk of damage to the 
boats, and injury to the people they are carrying. Just as cells regulate their processes, humans 
have developed rules and regulation for regulating the processes of ferry docking and 
transportation.  
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Figures: 

 
Figure 1: The nine steps in vesicle mediated transport. Notice the clear difference in each step of 
the process, and how each step contributes to the overall process of moving the molecules 
through the cytoplasm from one membrane to the other (Figure from Bonifaciono & Glick, 
2004). 
 
 
 
 

 
 

Figure 2: The life cycle of a protein. Notice the formation of vesicles from the ER to the Golgi 
apparatus and again from the Golgi apparatus to the outer membrane of the cell (Figure from 
Joseph, 2014).  
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Figure 3: The Captain Neal Burgess. This boat is currently carrying vehicles and cars through 
the open ocean. Notice how the structure of the boat is conducive to the function of the boat 
(Figure from Maine Department of Transport).  
 

 

 
Figure 3: An example of the dock and ferry after “fusion” before cars or pedestrians have filled 
the ferry in North Haven, ME. In order for the boat to stay in contact with the dock, the boat 
must experience these forces from both the dock and the water (Figure from Nangle, 2011) 
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