
The Diversity of Life

A simple phylogenetic representation of three domains of life Archaea, Bacteria (Eubacteria), 
and Eukaryota (all eukaryotic groups: Protista, Plantae, Fungi, and Animalia).


Eubacteria and Archaebacteria 
are collectively known as the 
Monera

All higher organisms are made 
from eucaryotic cells



From Two Kingdoms to Three Domains

▪ Early taxonomists classified all species as either plants or animals 
▪ Later, five kingdoms were recognized: Monera (prokaryotes), 

Protista, Plantae, Fungi, and Animalia 
▪ More recently, the three-domain system has been adopted: 

Bacteria, Archaea, and Eukarya 
▪ The three-domain system is supported by data from many 

sequenced genomes
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Bacteria and Archaea 
(prokaryotes) 

▪ Prokaryotes were the first 
organisms to inhabit the 
Earth 

▪ Most are unicellular, 
although some species 
form colonies 

▪ Most prokaryotic cells are 
0.5–5 µm, much smaller 
than the 10–100 µm of 
many eukaryotic cells 

▪ Prokaryotic cells have a 
variety of shapes 

▪ The three most common 
shapes are spheres (cocci), 
rods (bacilli), and spirals  

(a) Spherical (b) Rod-shaped (c) Spiral

1 
µm

1 
µm

3 
µm



Cell-Surface Structures
▪ The cell wall maintains cell shape, protects the cell, and prevents it from bursting in a hypotonic 

environment 
▪ Eukaryote cell walls are made of cellulose or chitin 
▪ Most bacterial cell walls contain peptidoglycan, a network of sugar polymers cross-linked by 

polypeptides 
▪ Archaea contain polysaccharides and proteins but lack peptidoglycan



▪ Scientists use the Gram stain to classify bacteria by cell wall composition  
▪ Gram-positive bacteria have simpler walls with a large amount of peptidoglycan 
▪ Gram-negative bacteria have less peptidoglycan and an outer membrane that 

contains lipopolysaccharides

(a) Gram-positive bacteria (b) Gram-negative 
bacteria

Carbohydrate portion 
of lipopolysaccharide

Peptido- 
glycan 
layer

Cell 
wall Peptido- 

glycan 
layer

Outer 
membrane

Cell 
wall

Plasma 
membrane

Peptidoglycan traps crystal violet, 
which masks the red safranin dye.

Gram-positive 
bacteria

Plasma membrane

Crystal violet is easily rinsed away, revealing 
the red safrinin dye.

Gram-negative 
bacteria

10 µm





▪ Many prokaryotes form metabolically inactive endospores, which 
can remain viable in greatly varied conditions for centuries
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▪ Some prokaryotes have hairlike appendages called fimbriae that allow 
them to stick to their substrate or other individuals in a colony 

▪ Pili (or sex pili) are longer than fimbriae and allow prokaryotes to 
exchange DNA

Fimbriae
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Motility

▪ About half of all prokaryotes exhibit taxis, the ability to move toward or 
away from a stimulus 
▪ For example, chemotaxis is the movement toward or away from a chemical 

stimulus

Bacteria attracted by a sugar crystal - animation

Chemotaxis is the movement of an organism in response to a chemical stimulus. This 
is important for bacteria to find food (e.g., glucose) by swimming toward the highest 
concentration of food molecules, or to flee from poisons (e.g., phenol).



▪ Flagella are the most common structures used by prokaryotes for 
movement  

▪ Flagella may be scattered about the surface or concentrated at one or 
both ends of the cell 

▪ The flagella of prokaryotes and eukaryotes differ in structure, 
mechanism of propulsion, and molecular composition 
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Internal Organization and DNA

▪ Prokaryotic cells usually lack complex compartmentalization 
▪ Some prokaryotes do have specialized membranes that perform metabolic 

functions 
▪ These are usually infoldings of the plasma membrane
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▪ The prokaryotic genome has less DNA than the eukaryotic genome 
▪ Most of the genome consists of a circular chromosome 
▪ The chromosome is not contained in a nucleus; it is located in the nucleoid 

region with no surrounding membrane  
▪ Typical prokaryotes also have smaller rings of independently replicating DNA 

called plasmids

Chromosome
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Reproduction

▪ Prokaryotes reproduce quickly by binary fission and can divide every 1–3 
hours under optimal conditions 

▪ Key features of prokaryote biology: 
▪ They are small 
▪ They reproduce by binary fission 
▪ They have short generation times

▪ Prokaryotes have considerable genetic variation 
▪ Three factors contribute to this genetic diversity: 
▪ Rapid reproduction 
▪ Mutation 
▪ Genetic recombination



Genetic Recombination

▪ Genetic recombination, the combining of DNA from two sources, contributes 
to diversity 

▪ Prokaryotic DNA from different individuals can be brought together by 
transformation, transduction, and conjugation 

▪ Movement of genes among individuals from different species is called 
horizontal gene transfer
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Diverse nutritional and metabolic adaptations have evolved in 
prokaryotes

▪ Prokaryotes can be categorized by how they obtain energy and carbon: 
▪ Phototrophs obtain energy from light 
▪ Chemotrophs obtain energy from chemicals 
▪ Autotrophs require CO2 or related compounds as a carbon source 
▪ Heterotrophs require an organic nutrient to make organic compounds

▪ Energy and carbon sources are combined to give four major modes of 
nutrition: 
▪ Photoautotroph 
▪ Chemoautotroph 
▪ Photoheterotroph 
▪ Chemoheterotroph





The Role of Oxygen in Metabolism

▪ Prokaryotic metabolism varies with respect to O2 

▪ Obligate aerobes require O2 for cellular respiration 
▪ Obligate anaerobes are poisoned by O2 and live by fermentation or use 

substances other than O2 for anaerobic respiration 
▪ Facultative anaerobes can use O2 if it is present or carry out fermentation or 

anaerobic respiration if it is not

Nitrogen Metabolism

▪ Nitrogen is essential for the production of amino acids and nucleic acids in 
all organisms 

▪ Prokaryotes can metabolize nitrogen in a variety of ways 
▪ For example, some prokaryotes convert atmospheric nitrogen (N2) to 

ammonia (NH3) in a process called nitrogen fixation

(later there might be time for a class on nutrients including nitrogen)



An Overview of Prokaryotic Diversity

▪ Genetic analysis led to the division of prokaryotes into two domains, 
Bacteria and Archaea 

▪ A few taxonomic groups are monophyletic, but others are scattered 
throughout several lineages 

▪ Advances in molecular techniques help to add new branches to the tree of 
life each year

Prokaryotes have radiated into a diverse set of lineages

▪ The origin of prokaryotes dates back to 3.5 billion years ago 
▪ Prokaryotes now inhabit every environment known to support life 
▪ Advances in genomics are beginning to reveal the extent of 

prokaryotic diversity
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Bacteria
▪ Bacteria include the vast majority of 

prokaryotic species familiar to most people 
▪ Diverse nutritional types are represented 

among bacteria
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Proteobacteria 
▪ These gram-negative bacteria include photoautotrophs, chemoautotrophs, and heterotrophs 
▪ Some are anaerobic and others aerobic  
▪ There are currently five subgroups of proteobacteria recognized by molecular systematists



Subgroup: Alpha Proteobacteria 
▪ Many species are closely associated 

with eukaryotic hosts 
▪ Scientists hypothesize that 

mitochondria evolved from aerobic 
alpha proteobacteria through 
endosymbiosis

▪ Example: Rhizobium, which forms root nodules in legumes and fixes 
atmospheric N2 

▪ Example: Agrobacterium, which produces tumors in plants and is used in 
genetic engineering especially plant technology
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inside a root cell of a 
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Subgroup: Beta Proteobacteria 
▪ This subgroup is nutritionally diverse 
▪ Example: the soil bacterium 

Nitrosomonas converts NH4
+ to NO2

– 

▪ Other members include aquatic species 
and pathogens
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Subgroup: Gamma Proteobacteria 
▪ Autotrophic members include sulfur bacteria such as Thiomargarita 

namibiensis 
▪ Some heterotrophs are pathogenic, such as Legionella, Salmonella, and 

Vibrio cholerae  
▪ Escherichia coli resides in the intestines of many mammals and is not 

normally pathogenic
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Subgroup: Delta Proteobacteria 
▪ Example: the slime-secreting myxobacteria, which produces drought-

resistant “myxospores” 
▪ Example: bdellovibrios, which mount high-speed attacks on other bacteria
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Fruiting bodies of 
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a myxobacterium (SEM) 



Subgroup: Epsilon Proteobacteria 
▪ Most species in this subgroup are pathogenic 
▪ Examples include Campylobacter, which causes blood poisoning, and 

Helicobacter pylori, which causes stomach ulcers
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Chlamydias 
▪ These bacteria are parasites that live within animal cells 
▪ Example: Chlamydia trachomatis causes blindness and 

nongonococcal urethritis by sexual transmission
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Spirochetes 
▪ These bacteria are helical gram-negative 

heterotrophs 
▪ Some are parasites, including Treponema pallidum, 

which causes syphilis, and Borrelia burgdorferi, which 
causes Lyme disease

Spirochetes
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Cyanobacteria 
▪ These are gram-negative photoautotrophs that generate O2 

▪ Plant chloroplasts likely evolved from cyanobacteria by the process of 
endosymbiosis 

▪ Cyanobacteria are abundant components of freshwater and marine 
phytoplankton

Cyanobacteria
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Gram-Positive Bacteria 
▪ Gram-positive bacteria include  
▪ Colony-forming groups, such as actinomycetes, many of which help decompose 

organic matter  
▪ Solitary species including Bacillus anthracis, the cause of anthrax; Clostridium 

botulinum, the cause of botulism; and various Staphylococcus and Streptococcus 
species 

▪ Mycoplasmas, the smallest known cells, lack cell walls
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Archaea
▪ Archaea share certain traits with 

bacteria and other traits with 
eukaryotes 

▪ They also have many unique 
characteristics

A comparison of the three domains 



▪ Some archaea live in extreme environments and are called extremophiles 
▪ Extreme halophiles live in highly saline environments 
▪ Extreme thermophiles thrive in very hot environments



Prokaryotes play crucial roles in the biosphere

▪ Prokaryotes are vital for the survival of other forms of life

Chemical Recycling

▪ Prokaryotes play a major role in the recycling of chemical elements 
between the living and nonliving components of the environment 

▪ Some chemoheterotrophic prokaryotes function as decomposers, 
breaking down dead organisms and waste products



Ecological Interactions

▪ Symbiosis is an ecological relationship in which two species live in close 
contact: a larger host and smaller symbiont 

▪ Prokaryotes often form symbiotic relationships with larger organisms

▪ In mutualism, both symbiotic organisms benefit 
▪ In commensalism, one organism benefits while neither harming nor 

helping the other in any significant way 
▪ In parasitism, an organism called a parasite harms but does not kill its 

host 
▪ Parasites that cause disease are called pathogens

Symbiosis



Prokaryotes have both beneficial and harmful impacts on humans

▪ Some prokaryotes are human pathogens, but many others have positive 
interactions with humans

Mutualistic Bacteria
▪ Human intestines are home to about 500–1,000 species of bacteria 
▪ Many of these are mutualists and break down food that is undigested by 

our intestines

Bacteria are also susceptible to 
viruses.  It was the detection of 
enzymes that restrict the 
infection of viruses (restriction 
enzymes) that led to the start of 
modern molecular biology.



Pathogenic Bacteria

▪ Bacteria cause about half of all human diseases 
▪ Some bacterial diseases are transmitted by other species 
▪ For example, Lyme disease is caused by a bacterium and carried by ticks 
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