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Rule to Build By: 
To conduct multiple activities simultaneously, subdivide spaces and assign different functions to 
each space. (Morris & Staudinger, 2016) 
 
What: 
The Golgi Apparatus is the cellular organelle structure that is critical in modifying and packaging 
macromolecules, notably, proteins. An automated car factory assembly line acts as the human 
built structure which facilitates the transformation and shipping for a car and its parts.  
 
How: 
The Golgi Apparatus is an organelle that is composed of a single compartment folded into sacs, 
stacked on top of one another, called cisternae (Fig. 2). The stacked cisternae are all considered 
sub compartments of the Golgi, which are identified as the cis, medial, and trans Golgi (Plopper, 
2016). These compartments all function in their own way which is critical to the performance of 
the organelle. The cisternae are organized so that when proteins enter one side of the Golgi, they 
move gradually through the Golgi until they appear in the exiting side. Proteins enter the Golgi 
from the endoplasmic reticulum at the cis face, the section of the Golgi facing the nucleus (Fig. 
1). The cis face has larger than usual cisternae which creates the cis-Golgi network (CGN) 
(Plopper, 2016).  
 
Membrane bound ribosomes are attached to the cytosolic endoplasmic reticulum (ER). The 
attached ribosomes then deliver proteins into the lumen of the ER (Alberts et al, 2002.). The ER 
proteins are then packaged into a notable vesicular transport protein which is called COPII. 
COPII can then access the Golgi using vesicular transport proteins at locations in the ER 
membrane called ER export sites (Jensen & Schekman, 2011). COPII utilizes these ER export 
signals which allows a protein in the COPII complex, Sec23 to bind to dynactin which can then 
bind to dynein and kinesin motor proteins (Plopper, 2016). This is critical to transportation as 
both dynein and kinesin can transport a vesicle using microtubules. The movement along 
microtubules will then allow Sec23 to bind to two tethering proteins on the CGN (Plopper, 
2016). Eventually, docking and fusion occurs through the use of various t-SNARE proteins. 
Once in the Golgi, the protein is able to go through each of the three sub compartments. The cis, 
medial, and trans Golgi are each named separately due to the different enzymes each cistern 
contain. These cisterna contain a unique mix of enzymes, such that every one is specialized to 
perform its own set of functions (Plopper, 2016).  
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One of the main goals for the Golgi is to achieve posttranslational modification of proteins (Fig. 
3). The cis, medial, and trans sections of the Golgi achieve this each in their own way with their 
own proper enzymes. In the cis Golgi, its enzymes allow oligosaccharides to be phosphorylated 
(Alberts et al, 2002). This phosphorylation causes a change in the function of a protein as it alters 
its structural conformation (Plopper, 2016). The cis Golgi is also known to glycosylate sections 
in the protein structure (Stanley, 2011). This is a necessary step as the medial Golgi relies on this 
structural change. Post-glycosylation, the medial Golgi is able to remove mannose residues and 
add N-acetylglucosamine which can also greatly affect the protein (Alberts et al, 2002). Lastly, 
like the cis-Golgi Network, there is exists a trans-Golgi Network (TGN), responsible for further 
modifying the proteins as well as sorting them for exit. The TGN is able to actively select cargo 
to send out of the Golgi. The posttranslational modifications can act as sorting signals to help the 
TGN select its cargo. Protein aggregation and signal receptor methods are also helpful in sorting 
(Plopper, 2016). There also exists a lipid raft hypothesis which theorizes that the TGN assembles 
a cholesterol enriched membrane. Proteins have a high affinity for these rafts which can then aid 
in the exit and transport of proteins from the Golgi complex. The next step is budding, which 
occurs in many mechanisms. Some proteins bind phospholipids and induce a curvature to the 
TGN. Phospholipases can also cause small wedge shaped lysolipids to accumulate and create a 
curve in the membrane. Lastly, phospholipid asymmetry can cause this bending (Plopper, 2016). 
Once out of the Golgi TGN, the vesicle undergoes steps for exocytosis. 
 
The car factory assembly line was created by Ransom Olds and utilized human workers to 
manufacture and assemble vehicles (Corday, 2014). Henry Ford advanced this idea by creating a 
conveyer belt to speed up production. Then, General Motors installed a robotic arm which 
assisted in the creation of vehicles in 1961 (Corday, 2014). These robotic arms were then used to 
assist in manufacturing of vehicles (Fig. 4). Areas of expertise are mainly seen in the form of 
robotic vision, spot and arc welding, assembly, painting, sealing, and coating (Hartwig, 2019). 
 
The assembly of a car is split between several different stations. Each of these stations have its 
own task; whether to create the engine, the hood, the wheels, or the body. The stations work 
simultaneously to complete their tasks as it allows for quick production of the vehicle. For 
example, the creation of an engine requires vast amounts of parts. Cylinders, spark plugs, valves, 
and pistons all create the main structure of the engine (Brain & Hall-Geiser, 2000). As they move 
on continuously through the conveyer belt (Fig. 5), these parts can be welded together and then 
finished with a cylinder liner finish using the automatic robotic arms (Hartwig 2019 & 
Dimkovski et al, 2002). 
 
The automated robots are each unique as they all have their own tasks to accomplish. Each robot 
is critical to the overall assembly progress of the car (Harris, 2002). As each section 
manufactures their distinct feature of the vehicle, the final assembly is quick and allows for the 
robotic system to paint, seal, and coat the car (Hartwig, 2019). 
 
 
Why: 
The Golgi apparatus is able to serve a function critical to the survival of a cell. The organelle is 
not only important for the modification and shipment of proteins, but it has been also known to 
be involved in lipid transport and lysosomal formation (Campbell, 1996). The separation of the 
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cis, medial, and trans sections in the Golgi also allow for faster posttranslational modifications of 
proteins as each enzyme can do its specified change to one protein and quickly modify the next 
(Plopper, 2016). The Golgi is also able to produce proteoglycans, a protein bonded covalently 
with a glycosaminoglycan chain which are important in the creation of the extracellular matrix in 
eukaryotes (Prydz, 2000). Likewise, the organelle can modify proteins and allow for lipid 
transport whenever necessary. This range of function is interesting as the organelle is seen to do 
many important tasks for the cell all at the same time. Another key point about the Golgi is that it 
is dependent on microtubules and cytoplasmic Golgi matrix proteins, which help give the Golgi 
its structural integrity (Alberts et al, 2002). These matrix proteins and the microtubule 
cytoskeleton create helpful tethers that retain Golgi transport vesicles close to the organelle. This 
allows for faster transport of the modified protein which can help move the finished product 
around the cell at a rapid pace (Alberts et al, 2002).  
 
The entire mechanism in the transportation of ER proteins to the Golgi is critical as it embodies 
important aspects of cell biology. Chemical complementation and conformation changes will 
continually allow for the next step of the process to occur (Fig. 3) (Plopper, 2016). These 
observations are also witnessed in the automated factory. The different sections of the assembly 
line serve to provide modifications and construct valuable products for important use, such as the 
car, the most popular form of transportation in the continental United States (Miaschi, 2018). 
This is similar to the distinct sections witnessed in the cis, medial, and trans Golgi. Each section 
supplies its own enzymes necessary for the assembly and modification of proteins. Likewise, 
each station in the assembly line is fit with its own unique automated robots (Hartwig, 2019). A 
connection between these processes can be seen with the TGN packing the protein for exocytosis 
and an automated robot assembling the body of a car and getting it ready for shipping (Fig. 4). 
This creates a dynamic that allows for continuous development for a range of things, from a 
macromolecule, to a car. Ultimately, it shows how nature takes advantage of efficient processes, 
and humans, albeit mistakenly, directly copy it. 
 
Figures:  

 
Figure 1: A transmission electron microscope image showing the overall structure of the Golgi 
apparatus. Seen in the image is the stacked cisternae crucial to the detection of the Golgi. Also 
seen is the endoplasmic reticulum, the area where proteins are shipped to the Golgi through 
microtubule and transport vesicles (Plopper, 2016)  
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Figure 2: A diagram of the Golgi apparatus organelle. This image displays proteins in the form 
of colored blobs with membrane spanning domains, the area where the protein spans the 
membrane. These proteins are located in the cis, medial, and trans compartments of the Golgi 
complex that each have their own function important for protein modification and transport 
(Plopper, 2016). Also displayed are the kin recognition and bilayer thickness models, these are 
ideas essential to protein movement within the Golgi (Plopper, 2016). 
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Figure 3: A diagram displaying various modifications that can be done to proteins. Key 
modifications seen in the Golgi apparatus are mainly attributed to phosphorylation and 
glycosylation, although many other modifications can be done to proteins (Wang et al, 2014). 
These types of modifications occur often in the cell. 
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Figure 4: Automated machinery modifying a car can be seen in this image. This is an image of 
the “body” station, where robotic arms are continually modifying and assembling the body of a 
vehicle on the assembly line (Hartwig, 2019). Notice that there are many vehicles moving along 
this conveyer belt, displaying a quick and efficient process. 
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Figure 5: A diagram of the automated Car factory. Various machines are seen to each do a 
specialized function necessary for the proper completion of the vehicle. The completed vehicle is 
then painted and sealed and shipped around the country (Mathis, 2014). Note the different types 
of automated robot machinery necessary to produce a car. 
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