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“The Eukaryotic cell is a complex dynamic compartmentalised structure that 
originated through endosymbiotic events. Discuss this describing the 

structures of the eukaryotic cell, together with their functions, contrasting 
animal, plant and fungal cells. Briefly suggest why only eukaryotes are 

multicellular.” 
The cell theory of life is one of the fundamental aspects of biology. 
Robert Hooke first discovered the cell in 1665 by examining thin 
layers of cork, which appeared to him, under his primitive 
microscope as a section of pores with walled compartments a bit 
like the structure of a honeycomb (image right). Hence, he named 
them cells and this name has remained ever since. The first two 
tenets of the cell theory state that: cells are the basic unit of 
structure of all living organisms, New cells are created by old cells 
dividing into two and cells are the basic building blocks of all life on 
Earth. Schwann and Schleiden in 1839, came up with the first two 
tenets of the cell theory. The third and most fascinating tenet of the 
cell theory was thought up by Rudolf Virchow in 1858, as he proposed the 
idea that all cells came from pre-existing cells.  

There are two sub categories of cells with distinct differences: Eukaryotes and prokaryotes. 
Eukaryotic cells contain nuclei and membrane bound organelles such as mitochondria, 
lysosomes, vacuoles, rough and smooth endoplasmic reticulum and chloroplasts. However, 
Prokaryotic cells do not contain any membrane bound organelles, not even a nucleus. 
Instead Prokaryotic cells contain a loop of DNA. There are two domains of Prokaryotes 
which are Bacteria and Archaea. Within the Eukaryotes there are four kingdoms: Animals, 
Plants, Fungi and Protoctista. All of these kingdoms possess some differences but the one 
overriding similarity between all these living organisms is the fact that they all possess cells 
with the same form of genetic code in them. This is because life on Earth has only ever 
evolved once, which suggests that all cells came from other cells. 

3.8 billion years ago life first appeared on Earth in the form of Prokaryotic bacterial cells for 
example stromatolites (bacteria that can photosynthesise). They most likely appeared first 
in deep sea vents, but at the time the atmosphere was filled by nitrogen, carbon dioxide, 
methane, but no oxygen. Using the carbon dioxide in the atmosphere cyanobacteria 
photosynthesised and harnessed the sun’s energy to make their own food. This 
photosynthesis produced oxygen and around 2.4 billion years ago substantial amounts of 
oxygen first appeared in the atmosphere. After this, new bacteria with the ability to respire 
came on to the scene and with such a diverse group of bacteria the stage was set for some 
amazing things to happen. Around 1 billion years ago existed the first Eukaryotic cell, but 
the question is how did life change from single celled prokaryotic cells without membrane 
bound organelles to eukaryotic cells?  

There is compelling evidence that mitochondria and chloroplasts were once prokaryotic 
cells and this evidence is described by the endosymbiotic theory. I believe this marvellous 
theory, first thought up by Lynn Margulis in the 1960’s, explains how eukaryotic cells came 
about. Mitochondria are one of many organelles inside the eukaryotic cell and are most 
likely an ancestor of proteobacteria due to similarities in structure. Chloroplasts are most 
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likely an ancestor of cyanobacteria as they 
both also have a similar structure such as a 
large concentration of chlorophyll for 
photosynthesis. Endosymbiosis explains how it 
is likely that a small, autotrophic bacterium 
was engulfed (via endocytosis) by a larger, 
primitive heterotrophic host cell, most likely 
from the Archaean domain. It is likely that this 
larger cell was produced from an anaerobic 
prokaryote losing its cell wall. This cell kept the 
bacterium inside it and did not digest it and 
instead the bacterium became a symbiont of 
the eukaryotic cell. Without a cell wall the cell could be much more flexible and its 
membrane could therefore fold and produce a nucleus and other internal membranes. After 
many years of evolution it is believed that the symbiont bacteria lost its genes and became 
mitochondria. This same process also explains the origin of the chloroplast. As an 
Alphaproteobacteria (an autotroph that utilises photosynthesis to make its own food) was 
engulfed and also not digested. The cells became mutually beneficial (symbiotic) to one 
another. The Eukaryote provided protection and nutrients to the prokaryote, whilst the 
prokaryotic endosymbiont provided energy to the cell through respiration and in the case of 
the alphaproteobacterium also food. Some genes from the chloroplast/mitochondrion were 
transferred to the eukaryote’s nucleus. The symbiont became absolutely dependent upon 
the eukaryotic cell, as most key proteins needed by the mitochondrion are imported from 
the rest of the cell and at that point the prokaryotic symbiont had completely turned into 
mitochondria and was no longer a bacterium. The origin of chloroplasts happened in an 
almost identical way to the mitochondria. 

There is strong evidence for endosymbiosis in the fact that mitochondria, chloroplasts and 
bacteria all have very similar structures, which would suggest that one evolved from the 
other. All three have their own outer membrane and therefore look quite similar in both 
shape and size. Mitochondria and purple bacteria both produce ATP in a very similar way by 
using oxygen and the Krebs cycle along with oxidative phosphorylation. Both the 
mitochondrion and the bacterium possess a circular DNA genome, however the bacterial 
genome is substantially larger. They also reproduce in a very similar manner, as 
mitochondria multiply by pinching off in the same way that a bacterium does. If a cell loses 
its mitochondria it cannot build new ones in the same way. This suggests that the 

mitochondria are still slightly independent of the cell and 
act in a similar way to a bacteria cell, hence these links 
could be put together to state that mitochondria evolved 
from bacteria. Chloroplasts also possess the same links as 
they are very similar to mitochondria, the only major 
difference being that chloroplasts contain chlorophyll and 
therefore they would have likely evolved from 
photosynthetic bacteria instead. Endosymbiosis producing 
mitochondria happened right at the start of the eukaryotic 
cell, because all eukaryotic cells have mitochondria, 

whereas chloroplasts must have been formed much later as only certain organisms have 
chloroplasts in their cells.  
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Ribosomes can be found in both Eukaryotic and Prokaryotic organisms. In Eukaryotes 
ribosomes are both bound and un-bound. Free ribosomes are not bound to a membrane 
and are dispersed in the cytoplasm. Bound ribosomes are on the membrane of the nucleus 
and on the membrane of the endoplasmic reticulum. However, the ribosomes in 
chloroplasts and mitochondria bear the most resemblance to prokaryotic ribosomes. In 
prokaryotes the ribosomes are free and are therefore scattered in the cytoplasm. 
Prokaryotic ribosomes are called 70S ribosomes, which are smaller than eukaryotic 
ribosomes. The prokaryotic ribosome consists of two sub-units: the 30S and the 50S. S refers 
to the unit Svedberg, which represents the rate of sedimentation in the centrifugation. In 
Eukaryotic cells most of the ribosomes are quite different from the prokaryotic ribosomes as 
they are 80S ribosomes with smaller and larger subunits of 40S and 60S this is larger than 
the prokaryotic ribosomes and also has an extra fourth strand of rRNA. However, the 
interesting aspect is when you look at the ribosomes in the chloroplasts and mitochondria. 
There is clearly a massive 
difference between these 
ribosomes and the rest of the 
eukaryotic ribosomes. The 
ribosomes in mitochondria and 
chloroplasts are in fact 70S 
ribosomes with the same subunits 
as the prokaryotic ribosomes. This 
is intriguing, because it shows that 
eukaryotes have two different 
types of ribosomes, but 
prokaryotes only have one. This suggests that the 80S ribosomes came from the host cell, 
which would explain why bacteria don’t have them. Therefore, the 70S ribosomes must 
have come from the symbiont bacteria, as this is the most suitable explanation as to why 
there is the same form of ribosome in eukaryotic and prokaryotic cells. The possibility of the 
eukaryotic cell developing exactly the same ribosomes as the prokaryotes is very 
improbable and therefore it seems likely that these ribosomes came from symbiont 
bacteria.  

Eukaryotic flagella are anchored onto the cell membrane by centrioles and are tubular 
structures made of microtubules. The prokaryotic flagella are quite different as it also has a 
motor that works by using the proton gradient between the periplasm and the cytosol to 
power the propeller. However, there are some similarities as both flagella are on the 
outside of the cell and act by wafting. Both flagella are of a similar shape, but they are made 
of slightly different things. This suggests that the original bacteria possessed similar flagella 
to eukaryotes, but due to evolution the flagella of the two have changed. 

The Endosymbiotic theory does have some flaws though. There is actually not very much 
evidence to show that mitochondria were created by a bacterium being engulfed by an 
Archaea, as it happened over a billion years ago. Therefore, the whole theory is built around 
a concept that will be very hard to prove. However, the endosymbiotic theory makes perfect 
sense and seems like the most probable event that would have occurred to produce the 
Eukaryotic cell. However recent research has lead to some scientists being sceptical as to 
the truth of the endosymbiont theory. Recent studies of unicellular eukaryotes (protoctists), 
some of them not very well-known, have provided insights that might contradict the 
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endosymbiont theory. The data gathered indicates that the mitochondria of all eukaryotes 
originated at roughly the same time as the nuclear component of the eukaryotic cell, rather 
than in separate as the endosymbiotic theory suggests. However, this is only one study and 
there is not enough evidence to suggest that the endosymbiotic theory should be re-
thought. 

I conclude that the Endosymbiosis was the cause of multicellular life, due to the similarities 
between a bacteria cell and mitochondria, which ultimately suggests that the mitochondria 
in eukaryotic cells was once a bacterium. Also, the fact that there are 2 different types of 
ribosome in a eukaryotic cell suggests that the it was originally made up of 2 different cells 
(one Archaean and one Bacterial). The fact that modern Archaeans are much more closely 
related to Eukaryotes would suggest that the host cell was an Archaean methanogen and 
the mitochondria/ chloroplast was in fact a bacterium. The Endosymbiotic theory is the only 
viable explanation of how the eukaryotic cell came about at this moment in time. 
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