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Lecture 2 

Prokaryotes 

Early in the history of the Earth times were rough, because the atmosphere and oceans 

had zero oxygen, and there was high carbon dioxide, ammonia, and intense radiation 

from UV rays. Photosynthetic cyanobacteria evolved to tolerate these conditions, 

however they ended up changing the earth significantly. It took these bacteria around 2 

billion years to oxidise the atmosphere. This allowed life to leave the oceans because 

they didn’t need water to avoid UV rays and paved the way for respiration, it also caused 

extinctions of the anaerobic organisms.  

Prokaryotes vs. eukaryotes 

The main differences are that eukaryotes have membrane bound organelles exhibiting 

compartmentalisation controlled by a central nucleus whereas prokaryotes only have few 

organelles that are not membrane bound, and a region of DNA called the nucleoid that 

contains most of its genome.  

Prokaryotes are single celled organisms surrounded by both a semi-rigid cell wall 

(containing peptidoglycan in bacteria) which gives them structure and allows them to 

take on various shapes, and a semi-permeable plasma membrane allowing necessary 

elements in and keeping unnecessary elements out. They possess ribosomes (translate 

messenger RNA into protein) and many of them have Pili used to adhere to other 

prokaryotes (and transfer genes often) and various surfaces, and flagella turned by the 

rotary motor which are used for movement. Prokaryotes are typically between less than 

1 micron up to 10 microns (1 x 10^-6m) in size. This means you need a microscope to 

look at them. The cytosol is the fluid in the cell and some bacteria also have an outer 

capsule made from polysaccharides. The capsule confers resistance to phagocytosis.  

Some prokaryotes have been known to go into a resting spore state which can see them 

living for 250 million years or more in ancient salt crystals. 

Prokaryotes have 1/1000th the DNA of a eukaryotic cell and on average they divide 

every 20 minutes which is why they can propagate so quickly and give us food poisoning 

all the time damn you bacteria. Because of this, spontaneous mutations occur at much 

higher frequencies in prokaryotes and this explains why they are innumerably more 

biochemically diverse than eukaryotes. Some say we are living in "the age of 

prokaryotes" not the age of humans.  
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Comparative flagella structure  

Eukaryotes and prokaryotes have significantly different flagella structure and 

biochemistry. Eukaryotes have a much more intricate system consisting of more tubes 

and made up of more proteins (hundreds). Prokaryotic flagella are composed of one 

protein, flagellin that is helically coiled to make the filament and their flagella is 

extracellular not intracellular. However, different prokaryotes have evolved many diverse 

types of flagella.  

Comparative mechanism of cell division 

Prokaryotes have a much simpler cell division process than eukaryotes. It involves a 

double stranded loop of DNA that anchors itself to the cell membrane and then 

replicates itself such that the points of attachment to the membrane are slightly apart. 

The plasma membrane then elongates to separate the two loops and cleavage results in 

two new cells. This process is called binary fission for prokaryotes and the process of 

dividing is also referred to as cytokinesis. 

Breaking prokaryotes into two domains: Archaea (archaeobacteria) vs. Bacteria 

(eubacteria) 

They do not differ morphologically, however their differences lie in their biochemistry. 

Biochemically archaea are more different from bacteria than they are from eukaryotes 

which is why they are classified as a separate domain. But how exactly do they differ: 

- The processes and chemicals used in the transcription and translation of DNA are 

more similar to eukaryotes.  

- Archaeans lack peptidoglycan in their cell walls and have other unique features in 

their lipids 

- Archaeans have not yet been found to produce resting spores 

- They also have not been found to act as pathogens 

- They predominate in extreme environments 

Bacteria 

Found almost everywhere, bacteria are one of the most metabolically diverse organisms 

around. Why are bacteria interesting: 

- They have adapted to extreme environments that eukaryotes would have no hope in 

e.g. deep sea vents, thermal springs 

- they cause many different diseases such as pharyngitis, food poisoning etc. 
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- they are decomposers and recyclers that are critical in removing dead matter, and 

recycling/fixing various elements. Especially nitrogen fixation because prokaryotes are 

the only organisms that can readily access it in its gaseous form and fix it into an 

organic molecule. These qualities also enable bacteria to help us with cleaning 

environments 

- They are agents for industrial and agricultural processes such as their use in alcohol, 

foods etc.  

- Biotech applications = such as GM bacteria used to make pharmaceuticals e.g. 

human growth hormone etc. and GM crops that are made with bacteria 

- They are primary producers because they possess chlorophyll A and other pigments. 

Glossary  
Cyanobacteria = a type of bacteria believed to be one of the first prokaryotes to inhabit the 
Earth because they formed the oldest fossils known. Cyanobacteria oxygenated the atmosphere 
by photosynthesising.  
 
Nucleoid = the region of prokaryotes that contains most of the genome.  
 
Peptidoglycan = a sugar-aminoacid polymer that is found in the plasma membrane of most 
bacteria.  
 
Ribosomes = small structures composed of rRNA and associated proteins that form the 
platform for DNA translation of mRNA into proteins.  
 
Pili = a hairlike appendage found on many bacteria that allows them to adhere to other surfaces 
and/or prokaryotes. Also very useful for transferring genes.  
 
Prokaryotic flagella = long whip-like appendages found on prokaryotes that consist of the 
protein flagellin and along with the rotary motor allow movement.  
 
Cytosol = the fluid in the cell not including the organelles or the nucleus.  
 
Outer capsule = a covering for some bacteria made from polysaccharides that confers 
resistance to phagocytosis.  
 
Amount of prokaryotic DNA relative to eukaryotes + division rate = 1/1000th of the 
eukaryotes genome. Divides once every 20 minutes.  
 
Binary fission = the form of asexual reproduction and cell division utilised by prokaryotes.  
 
Cytokinesis = the cytoplasmic division of a cell that occurs at the end of the whole cell division 
process.  
 
Archaeobacteria = the old name for archaea  
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