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1.1: Defining Microbes

4b Learning Objectives

o Explain the roles of microorganisms in ecosystems and biotechnology.

A microbe, or microorganism, is a microscopic organism that comprises either a single cell (unicellular); cell clusters; or
multicellular, relatively complex organisms. The study of microorganisms is called microbiology, a subject that began with Anton
van Leeuwenhoek’s discovery of microorganisms in 1675, using a microscope of his own design.

Plutn £
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Figure: A Drawing of Microbes: This is a drawing of what Arthur Hill Hassall saw under a microscope in a sample of water taken

from the River Thames at two locations. Hassall was able to identify many microscopic organisms not perceptible to the unaided

eye,.
Microorganisms are very diverse; they include bacteria, fungi, algae, and protozoa; microscopic plants (green algae); and animals
such as rotifers and planarians. Some microbiologists also include viruses, but others consider these as nonliving. Most
microorganisms are unicellular, but this is not universal, since some multicellular organisms are microscopic. Some unicellular
protists and bacteria, like Thiomargarita namibiensis, are macroscopic and visible to the naked eye.

Microorganisms live in all parts of the biosphere where there is liquid water, including soil, hot springs, on the ocean floor, high in
the atmosphere, and deep inside rocks within the Earth’s crust. Most importantly, these organisms are vital to humans and the
environment, as they participate in the Earth’s element cycles, such as the carbon cycle and the nitrogen cycle.

Microorganisms also fulfill other vital roles in virtually all ecosystems, such as recycling other organisms’ dead remains and waste
products through decomposition. Microbes have an important place in most higher-order multicellular organisms as symbionts, and
they are also exploited by people in biotechnology, both in traditional food and beverage preparation, and in modern technologies
based on genetic engineering. Pathogenic microbes are harmful, however, since they invade and grow within other organisms,
causing diseases that kill humans, animals, and plants.

The Pathogenic Ecology of Microbes

Although many microorganisms are beneficial, many others are the cause of infectious diseases. The organisms involved include
pathogenic bacteria, which cause diseases such as plague, tuberculosis, and anthrax. Biofilms —microbial communities that are
very difficult to destroy—are considered responsible for diseases like bacterial infections in patients with cystic fibrosis,
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Legionnaires’ disease, and otitis media (middle ear infection). They produce dental plaque; colonize catheters, prostheses,
transcutaneous, and orthopedic devices; and infect contact lenses, open wounds, and burned tissue.

Biofilms also produce foodborne diseases because they colonize the surfaces of food and food-processing equipment. Biofilms are
a large threat because they are resistant to most of the methods used to control microbial growth. Moreover, the excessive use of
antibiotics has resulted in a major global problem since resistant forms of bacteria have been selected over time. A very dangerous
strain, methicillin-resistant Staphylococcus aureus (MRSA), has wreaked havoc recently.

In addition, protozoans are known to cause diseases such as malaria, sleeping sickness, and toxoplasmosis, while fungi can cause
diseases such as ringworm, candidiasis, or histoplasmosis. Other diseases such as influenza, yellow fever, and AIDS are caused by
viruses.

Food-borne diseases result from the consumption of contaminated food, pathogenic bacteria, viruses, or parasites that contaminate
food. ” Hygiene ” is the avoidance of infection or food spoiling by eliminating microorganisms from the surroundings. As
microorganisms (bacteria, in particular) are found virtually everywhere, the levels of harmful microorganisms can be reduced to
acceptable levels with proper hygiene techniques. In some cases, however, it is required that an object or substance be completely
sterile (i.e., devoid of all living entities and viruses). A good example of this is a hypodermic needle.

Key Points
o While most microbes are unicellular, some multicellular animals and plants are also microscopic and are therefore broadly
defined as “microbes.”

o Microbes serve many functions in almost any ecosystem on Earth, including decomposition and nitrogen fixation.
e Many microbes are either pathogens or parasitic organisms, both of which can harm humans.

Key Terms

o symbiote: An organism in a partnership with another, such that each profits from the other.
o pathogenic: Able to cause a harmful disease.
o ecosystem: The interconnectedness of plants, animals, and microbes, not only with each other but also with their environment.

This page titled 1.1: Defining Microbes is shared under a CC BY-SA 4.0 license and was authored, remixed, and/or curated by Boundless.

o 1.1A: Defining Microbes by Boundless is licensed CC BY-SA 4.0. Original source: https://courses.lumenlearning.com/boundless-
microbiology/.
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1.2: History of Microbiology - Hooke, van Leeuwenhoek, and Cohn

4b Learning Objectives

o Explain how Van Leeuwenhoek, Spallanzani, Pasteur, Cohn and Koch contributed to the field of microbiology

Pre-microbiology, the possibility that microorganisms existed was discussed for many centuries before their actual discovery in the
17 century. The existence of unseen microbiological life was postulated by Jainism, which is based on Mahavira’s teachings as
early as 61 century BCE. In his first century book, On Agriculture, Roman scholar Marcus Terentius Varro was the first known to
suggest the possibility of disease spreading by yet unseen organisms. In his book, he warns against locating a homestead near
swamps because “there are bred certain minute creatures that cannot be seen by the eyes, which float in the air and enter the body
through the mouth and nose and there cause serious diseases. ” In The Canon of Medicine (1020), Abi Al1 ibn Sina (Avicenna)
hypothesized that tuberculosis and other diseases might be contagious. In 1546, Girolamo Fracastoro proposed that epidemic
diseases were caused by transferable seed-like entities that could transmit infection by direct or indirect contact, or even without
contact over long distances. All these early claims about the existence of microorganisms were speculative and were not based on
any data or science. Microorganisms were neither proven, observed, nor correctly and accurately described until the 17 century.
The reason for this was that all these early studies lacked the microscope.

The Microscope and Discovery of Microorganisms

Antonie van Leeuwenhoek (1632-1723) was one of the first people to observe microorganisms, using a microscope of his own
design, and made one of the most important contributions to biology. Robert Hooke was the first to use a microscope to observe
living things. Hooke’s 1665 book, Micrographia, contained descriptions of plant cells. Before Van Leeuwenhoek’s discovery of
microorganisms in 1675, it had been a mystery why grapes could be turned into wine, milk into cheese, or why food would spoil.
Van Leeuwenhoek did not make the connection between these processes and microorganisms, but using a microscope, he did
establish that there were forms of life that were not visible to the naked eye. Van Leeuwenhoek’s discovery, along with subsequent
observations by Spallanzani and Pasteur, ended the long-held belief that life spontaneously appeared from non-living substances
during the process of spoilage.

Figure: Antoni van Leeuwenhoek: A drawing of Antoni van Leeuwenhoek, one of the first scientists to use a microscope and
identify microbes.
Lazzaro Spallanzani (1729-1799) found that boiling broth would sterilize it and kill any microorganisms in it. He also found that
new microorganisms could settle only in a broth if the broth was exposed to the air.

Louis Pasteur (1822-1895) expanded upon Spallanzani’s findings by exposing boiled broths to the air in vessels that contained a
filter to prevent all particles from passing through to the growth medium. He also did this in vessels with no filter at all, with air
being admitted via a curved tube that prevented dust particles from coming in contact with the broth. By boiling the broth
beforehand, Pasteur ensured that no microorganisms survived within the broths at the beginning of his experiment. Nothing grew in
the broths in the course of Pasteur’s experiment. This meant that the living organisms that grew in such broths came from outside,
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as spores on dust, rather than spontaneously generated within the broth. Thus, Pasteur dealt the death blow to the theory of
spontaneous generation and supported germ theory instead.

Figure: Louis Pasteur: The famous scientist Louis Pasteur, one of the founders of microbiology.

Ferdinand Julius Cohn (January 24, 1828 — June 25, 1898) was a German biologist. His classification of bacteria into four groups
based on shape (sphericals, short rods, threads, and spirals) is still in use today. Among other things Cohn is remembered for being
the first to show that Bacillus can change from a vegetative state to an endospore state when subjected to an environment
deleterious to the vegetative state. His studies would lay the foundation for the classification of microbes and gave some of the first
insights into the incredible complexity and diversity of microbial life.

In 1876, Robert Koch (1843-1910) established that microbes can cause disease. He found that the blood of cattle who were
infected with anthrax always had large numbers of Bacillus anthracis. Koch found that he could transmit anthrax from one animal
to another by taking a small sample of blood from the infected animal and injecting it into a healthy one, and this caused the
healthy animal to become sick. He also found that he could grow the bacteria in a nutrient broth, then inject it into a healthy animal,
and cause illness. Based on these experiments, he devised criteria for establishing a causal link between a microbe and a disease
and these are now known as Koch’s postulates. Although these postulates cannot be applied in all cases, they do retain historical
importance to the development of scientific thought and are still being used today.

Key Points

o Van Leeuwenhoek is largely credited with the discovery of microbes, while Hooke is credited as the first scientist to describe
live processes under a microscope.

o Spallanzani and Pasteur performed several experiments to demonstrate that microbial life does not arise spontaneously.

e Cohn laid the groundwork for discovering and cataloging microbes, while Koch conclusively showed that microbes can cause
diseases.

Key Terms

o classification: the act of forming into a class or classes; a distribution into groups, as classes, orders, families, etc., according to
some common relations or attributes.

This page titled 1.2: History of Microbiology - Hooke, van Leeuwenhoek, and Cohn is shared under a CC BY-SA 4.0 license and was authored,
remixed, and/or curated by Boundless.

o 1.1B: History of Microbiology - Hooke, van Leeuwenhoek, and Cohn by Boundless is licensed CC BY-SA 4.0. Original source:
https://courses.lumenlearning.com/boundless-microbiology/.
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1.3: Pasteur and Spontaneous Generation

4b Learning Objectives

o Explain the concept of spontaneous generation

Spontaneous generation is an obsolete body of thought on the ordinary formation of living organisms without descent from similar
organisms. Typically, the idea was that certain forms such as fleas could arise from inanimate matter such as dust or that maggots
could arise from dead flesh. A variant idea was that of equivocal generation, in which species such as tapeworms arose from
unrelated living organisms, now understood to be their hosts.

Doctrines held that these processes were commonplace and regular. Such ideas were in contradiction to that of univocal generation:
effectively exclusive reproduction from genetically related parent(s), generally of the same species. The doctrine of spontaneous
generation was coherently synthesized by Aristotle, who compiled and expanded the work of prior natural philosophers and the
various ancient explanations of the appearance of organisms; it held sway for two millennia.

Today spontaneous generation is generally accepted to have been decisively dispelled during the 19™ century by the experiments of
Louis Pasteur. He expanded upon the investigations of predecessors, such as Francesco Redi who, in the 17" century, had
performed experiments based on the same principles.

Louis Pasteur’s 1859 experiment is widely seen as having settled the question. In summary, Pasteur boiled a meat broth in a flask
that had a long neck that curved downward, like a goose. The idea was that the bend in the neck prevented falling particles from
reaching the broth, while still allowing the free flow of air. The flask remained free of growth for an extended period. When the
flask was turned so that particles could fall down the bends, the broth quickly became clouded. In detail, Pasteur exposed boiled
broths to air in vessels that contained a filter to prevent all particles from passing through to the growth medium, and even in
vessels with no filter at all, with air being admitted via a long tortuous tube that would not allow dust particles to pass. Nothing
grew in the broths unless the flasks were broken open, showing that the living organisms that grew in such broths came from
outside, as spores on dust, rather than spontaneously generated within the broth. This was one of the last and most important
experiments disproving the theory of spontaneous generation.

oW oWl

Heat applied Let flask sit No bacteria present
— é — é
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Figure: Pasteur’s test of spontaneous generation: By sterilizing a food source and keeping it isolated from the outside, Pasteur
observed no putrefaction of the food source (top panel). Upon exposure to the outside environment, Pasteur observed the
putrefaction of the food source (bottom panel). This strongly suggested that the components needed to create life do not
spontaneously arise. Louis Pasteur’s pasteurization experiment illustrates the fact that the spoilage of liquid was caused by
particles in the air rather than the air itself. These experiments were important pieces of evidence supporting the idea of germ
theory of disease. (CC BY-SA 4.0; Kgerow16).
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Despite his experiment, objections from persons holding the traditional views persisted. Many of these residual objections were
routed by the work of John Tyndall, succeeding the work of Pasteur. Ultimately, the ideas of spontaneous generation were displaced
by advances in germ theory and cell theory. Disproof of the traditional ideas of spontaneous generation is no longer controversial
among professional biologists. Objections and doubts have been dispelled by studies and documentation of the life cycles of
various life forms. However, the principles of the very different matter of the original abiogenesis on this planet — of living from
nonliving material — are still under investigation

Key Points

o Before the discovery of microbes, it was widely thought that life, as in the case of rotting food, arose from nothing. This idea
was referred to as spontaneous generation.

o By sterilizing cultures and keeping them isolated from the open air, Pasteur found that contamination of the media only
occurred upon exposure to the outside environment, showing that some element was needed to give rise to life. In other words,
life does not arise spontaneously.

¢ Despite Pasteur’s work and the work of others, it still took a better understanding of germ theory and cell theory to finally
displace the concept of spontaneous generation.

Key Terms

o abiogenesis: The origination of living organisms from lifeless matter; such genesis as does not involve the action of living
parents; spontaneous generation.

o germ theory: The germ theory of disease, also called the pathogenic theory of medicine, is a theory that proposes that
microorganisms are the cause of many diseases. Although highly controversial when first proposed, germ theory was validated

in the late 19th century and is now a fundamental part of modern medicine and clinical microbiology, leading to such important
innovations as antibiotics and hygienic practices.

This page titled 1.3: Pasteur and Spontaneous Generation is shared under a CC BY-SA 4.0 license and was authored, remixed, and/or curated by
Boundless.

e 1.1C: Pasteur and Spontaneous Generation by Boundless is licensed CC BY-SA 4.0. Original source:
https://courses.lumenlearning.com/boundless-microbiology/.
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1.4: Koch and Pure Culture

4b Learning Objectives

o Explain Robert Koch’s postulates

Robert Koch was born in Clausthal in the Harz Mountains, then part of the Kingdom of Hanover, as the son of a mining official. He
studied medicine at the University of Gottingen and graduated in 1866. He then served in the Franco-Prussian War and later
became district medical officer in Wollstein (Wolsztyn), Prussian Poland. Working with very limited resources, he became one of
the founders of bacteriology, the other major figure being Louis Pasteur.

Figure: Robert Koch: An image of Robert Koch, a pioneering microbiologist. Koch’s research and methods helped link the causal

nature of microbes to certain diseases, including anthrax.
After Casimir Davaine demonstrated the direct transmission of the anthrax bacillus between cows, Koch studied anthrax more
closely. He invented methods to purify the bacillus from blood samples and grow pure cultures. He found that, while it could not
survive outside a host for long, anthrax built persisting endospores that could last a long time. These endospores, embedded in soil,
were the cause of unexplained “spontaneous” outbreaks of anthrax. Koch published his findings in 1876 and was rewarded with a
job at the Imperial Health Office in Berlin in 1880. In 1881, he urged for the sterilization of surgical instruments using heat.

Probably as important as his work on tuberculosis, for which he was awarded a Nobel Prize in 1905, are Koch’s postulates. These
postulates stated that to establish that an organism is the cause of a disease, it must be found in all cases of the disease examined.
Additionally, it must be absent in healthy organisms prepared and maintained in a pure culture capable of producing the original
infection, even after several generations in culture retrievable from an inoculated animal and cultured again. By using his methods,
Koch’s pupils found the organisms responsible for diphtheria, typhoid, pneumonia, gonorrhoea, cerebrospinal meningitis, leprosy,
bubonic plague, tetanus, and syphilis.

Perhaps the key method Koch developed was the ability to isolate pure cultures, explained in brief here. Pure cultures of
multicellular organisms are often more easily isolated by simply picking out a single individual to initiate a culture. This is a useful
technique for pure culture of fungi, multicellular algae, and small metazoa. Developing pure culture techniques is crucial to the
observation of the specimen in question. The most common method to isolate individual microbes and produce a pure culture is to
prepare a streak plate. The streak plate method is a way to physically separate the microbial population and is done by spreading
the inoculate back and forth with an inoculating loop over the solid agar plate. Upon incubation, colonies will arise and single cells
will have been isolated from the biomass.

LICENSES AND ATTRIBUTIONS
CC LICENSED CONTENT, SPECIFIC ATTRIBUTION

¢ OpenStax College, Bacterial Diseases in Humans. January 17, 2014. Provided by: OpenStax CNX. Located at:
http://cnx.org/contents/0a866b1c-8f44-489a-ae8c-6e100calee55@10. License: CC BY: Attribution

e Microorganism. Provided by: Wikipedia. Located at: en.Wikipedia.org/wiki/Microorganism. License: CC BY-SA: Attribution-
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ShareAlike

¢ Koch's postulates. Provided by: Wikipedia. Located at:
en.Wikipedia.org/wiki/Koch's_postulates%23Koch.E2.80.99s_postulates_for_the_21st_century. License: CC BY-SA:
Attribution-ShareAlike

o Anthrax. Provided by: Wikipedia. Located at: en.Wikipedia.org/wiki/Anthrax. License: CC BY-SA: Attribution-ShareAlike

e metazoa. Provided by: Wiktionary. Located at: en.wiktionary.org/wiki/metazoa. License: CC BY-SA: Attribution-ShareAlike

o anthrax. Provided by: Wiktionary. Located at: en.wiktionary.org/wiki/anthrax. License: CC BY-SA: Attribution-ShareAlike

o tuberculosis. Provided by: Wiktionary. Located at: en.wiktionary.org/wiki/tuberculosis. License: CC BY-SA: Attribution-
ShareAlike

¢ Provided by: Wikimedia. Located at: upload.wikimedia.org/Wikipedia/commons/7/75/Hassall_-
_Microbes_in_Thames_at_Brentford_and_Hungerford.jpg. License: Public Domain: No Known Copyright

¢ Antoni van Leeuwenhoek (by Jan Verkolje, 1686). Provided by: Wikimedia. Located at:
commons.wikimedia.org/wiki/File:Antoni_van_Leeuwenhoek_(by_Jan_Verkolje, 1686).jpg. License: Public Domain: No
Known Copyright

¢ Louis Pasteur. Provided by: Wikimedia. Located at: commons.wikimedia.org/wiki/File:Louis_Pasteur.jpg%23file. License:
Public Domain: No Known Copyright

o Experiment Pasteur English. Provided by: Wikimedia. Located at:
commons.wikimedia.org/wiki/File:Experiment_Pasteur_English.jpg. License: Public Domain: No Known Copyright

¢ Robert Koch. Provided by: Wikimedia. Located at: commons.wikimedia.org/wiki/File:Robert_Koch.jpg. License: Public
Domain: No Known Copyright

Key Points

e Koch’s research and methods helped link the causal nature of microbes to certain diseases, such as anthrax.

e As developed by Koch, pure cultures allow the pure isolation of a microbe, which is vital in understanding how an individual
microbe may contribute to a disease.

e According to Koch’s postulates, for an organism to be the cause of a disease, it must be found in all cases of the disease and
must be absent from healthy organisms, as well as maintained in pure culture capable of producing the original infection.

Key Terms

o anthrax: An infectious bacterial disease of herbivores than can also occur in humans through contact with infected animals,
tissue from infected animals, or high concentrations of anthrax spores.

o metazoa: All those multicellular animals, of the subkingdom Metazoa, that have differentiated tissue.

o tuberculosis: An infectious disease of humans and animals caused by a species of mycobacterium mainly infecting the lungs
where it causes tubercles characterized by the expectoration of mucus and sputum, fever, weight loss, and chest pain, and
transmitted through inhalation or ingestion of bacteria.

This page titled 1.4: Koch and Pure Culture is shared under a CC BY-SA 4.0 license and was authored, remixed, and/or curated by Boundless.

e 1.1D: Koch and Pure Culture by Boundless is licensed CC BY-SA 4.0. Original source: https://courses.lumenlearning.com/boundless-
microbiology/.
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2.1: 1.2A Types of Microorganisms

4b Learning Objectives

o Define the differences between microbial organisms.

Microorganisms or microbes are microscopic organisms that exist as unicellular, multicellular, or cell clusters. Microorganims are
widespread in nature and are beneficial to life, but some can cause serious harm. They can be divided into six major types: bacteria,
archaea, fungi, protozoa, algae, and viruses.

Bacteria

Bacteria are unicellular organisms. The cells are described as prokaryotic because they lack a nucleus. They exist in four major
shapes: bacillus (rod shape), coccus (spherical shape), spirilla (spiral shape), and vibrio (curved shape). Most bacteria have a
peptidoglycan cell wall; they divide by binary fission; and they may possess flagella for motility. The difference in their cell wall
structure is a major feature used in classifying these organisms.

According to the way their cell wall structure stains, bacteria can be classified as either Gram-positive or Gram-negative when
using the Gram staining. Bacteria can be further divided based on their response to gaseous oxygen into the following groups:
aerobic (living in the presence of oxygen), anaerobic (living without oxygen), and facultative anaerobes (can live in both
environments).

According to the way they obtain energy, bacteria are classified as heterotrophs or autotrophs. Autotrophs make their own food by
using the energy of sunlight or chemical reactions, in which case they are called chemoautotrophs. Heterotrophs obtain their energy
by consuming other organisms. Bacteria that use decaying life forms as a source of energy are called saprophytes.

Archaea

Archaea or Archaebacteria differ from true bacteria in their cell wall structure and lack peptidoglycans. They are prokaryotic cells
with avidity to extreme environmental conditions. Based on their habitat, all Archaeans can be divided into the following groups:
methanogens (methane-producing organisms), halophiles (archaeans that live in salty environments), thermophiles (archaeans that
live at extremely hot temperatures), and psychrophiles (cold-temperature Archaeans). Archaeans use different energy sources like
hydrogen gas, carbon dioxide, and sulphur. Some of them use sunlight to make energy, but not the same way plants do. They
absorb sunlight using their membrane pigment, bacteriorhodopsin. This reacts with light, leading to the formation of the energy
molecule adenosine triphosphate (ATP).

Fungi

Fungi (mushroom, molds, and yeasts) are eukaryotic cells (with a true nucleus). Most fungi are multicellular and their cell wall is
composed of chitin. They obtain nutrients by absorbing organic material from their environment (decomposers), through symbiotic
relationships with plants (symbionts), or harmful relationships with a host (parasites). They form characteristic filamentous tubes
called hyphae that help absorb material. The collection of hyphae is called mycelium. Fungi reproduce by releasing spores.

Protozoa

Protozoa are unicellular aerobic eukaryotes. They have a nucleus, complex organelles, and obtain nourishment by absorption or
ingestion through specialized structures. They make up the largest group of organisms in the world in terms of numbers, biomass,
and diversity. Their cell walls are made up of cellulose. Protozoa have been traditionally divided based on their mode of
locomotion: flagellates produce their own food and use their whip-like structure to propel forward, ciliates have tiny hair that beat
to produce movement, amoeboids have false feet or pseudopodia used for feeding and locomotion, and sporozoans are non-motile.
They also have different means of nutrition, which groups them as autotrophs or heterotrophs.

Algae

Algae, also called cyanobacteria or blue-green algae, are unicellular or multicellular eukaryotes that obtain nourishment by
photosynthesis. They live in water, damp soil, and rocks and produce oxygen and carbohydrates used by other organisms. It is
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believed that cyanobacteria are the origins of green land plants.

Viruses

Viruses are noncellular entities that consist of a nucleic acid core (DNA or RNA) surrounded by a protein coat. Although viruses
are classified as microorganisms, they are not considered living organisms. Viruses cannot reproduce outside a host cell and cannot
metabolize on their own. Viruses often infest prokaryotic and eukaryotic cells causing diseases.

Multicellular Animal Parasites

A group of eukaryotic organisms consisting of the flatworms and roundworms, which are collectively referred to as the helminths.
Although they are not microorganisms by definition, since they are large enough to be easily seen with the naked eye, they live a
part of their life cycle in microscopic form. Since the parasitic helminths are of clinical importance, they are often discussed along
with the other groups of microbes.

~

Figure: Gram Stain: This is a microscopic image of a Gram stain of mixed Gram-positive cocci (Staphylococcus aureus, purple)
and Gram-negative bacilli (Escherichia coli, red).
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Figure: Types of microorganisms: This tree of life shows the different types of microorganisms.

Key Points

¢ Microorganisms are divided into seven types: bacteria, archaea, protozoa, algae, fungi, viruses, and multicellular animal
parasites ( helminths ).

o Each type has a characteristic cellular composition, morphology, mean of locomotion, and reproduction.

e Microorganisms are beneficial in producing oxygen, decomposing organic material, providing nutrients for plants, and
maintaining human health, but some can be pathogenic and cause diseases in plants and humans.

Key Terms

¢ Gram stain: A method of differentiating bacterial species into two large groups (Gram-positive and Gram-negative).
o peptidoglycan: A polymer of glycan and peptides found in bacterial cell walls.

This page titled 2.1: 1.2A Types of Microorganisms is shared under a CC BY-SA 4.0 license and was authored, remixed, and/or curated by
Boundless.

o 1.2.1: 1.2A Types of Microorganisms by Boundless is licensed CC BY-SA 4.0. Original source:

https://courses.lumenlearning.com/boundless-microbiology/.
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2.2: Classification of Microorganisms

4b Learning Objectives

e Assess how early life changed the earth

Life on Earth is famous for its diversity. Throughout the world we can find many millions of different forms of life. Biologic
classification helps identify each form according to common properties (similarities) using a set of rules and an estimate as to how
closely related it is to a common ancestor (evolutionary relationship) in a way to create an order. By learning to recognize certain
patterns and classify them into specific groups, biologists are better able to understand the relationships that exist among a variety
of living forms that inhabit the planet.

Figure: Classification of E. coli: Domain: Bacteria, Kingdom: Eubacteria, Phylum: Proteobacteria, Class: Gammaproteobacteria,

Order: Enterobacteriales, Family: Enterobacteriaceae, Genus: Escherichia, Species: E. coli.
The first, largest, and most inclusive group under which organisms are classified is called a domain and has three subgroups:
bacteria, archae, and eukarya. This first group defines whether an organism is a prokaryote or a eukaryote. The domain was
proposed by the microbiologist and physicist Carl Woese in 1978 and is based on identifying similarities in ribosomal RNA
sequences of microorganisms.

The second largest group is called a kingdom. Five major kingdoms have been described and include prokaryota (e.g. archae and
bacteria), protoctista (e.g. protozoa and algae), fungi, plantae, and animalia. A kingdom is further split into phylum or division,
class, order, family, genus, and species, which is the smallest group.

The science of classifying organisms is called taxonomy and the groups making up the classification hierarchy are called taxa.
Taxonomy consists of classifying new organisms or reclassifying existing ones. Microorganisms are scientifically recognized using
a binomial nomenclature using two words that refer to the genus and the species. The names assigned to microorganisms are in
Latin. The first letter of the genus name is always capitalized. Classification of microorganisms has been largely aided by studies of
fossils and recently by DNA sequencing. Methods of classifications are constantly changing. The most widely employed methods
for classifying microbes are morphological characteristics, differential staining, biochemical testing, DNA fingerprinting or DNA
base composition, polymerase chain reaction, and DNA chips.

Key Points

o The classification system is constantly changing with the advancement of technology.

o The most recent classification system includes five kingdoms that are further split into phylum, class, order, family, genus, and
species.
o Microorganisms are assigned a scientific name using binomial nomenclature.

Key Terms
o DNA fingerprinting: A method of isolating and mapping sequences of a cell’s DNA to identify it.

This page titled 2.2: Classification of Microorganisms is shared under a CC BY-SA 4.0 license and was authored, remixed, and/or curated by
Boundless.

e 1.2B: Classification of Microorganisms by Boundless is licensed CC BY-SA 4.0. Original source:
https://courses.lumenlearning.com/boundless-microbiology/.

@ 0 @ @ https://bio.libretexts.org/@go/page/105528



https://libretexts.org/
https://creativecommons.org/licenses/by-sa/4.0/
https://bio.libretexts.org/@go/page/105528?pdf
https://bio.libretexts.org/Courses/Universiti_Putra_Malaysia/ESC4103_-_Environmental_Microbiology_(Universiti_Putra_Malaysia)/02%3A_Types_and_habitats/2.02%3A_Classification_of_Microorganisms
https://bio.libretexts.org/Courses/Universiti_Putra_Malaysia/ESC4103_-_Environmental_Microbiology_(Universiti_Putra_Malaysia)/02%3A_Types_and_habitats/2.02%3A_Classification_of_Microorganisms
https://creativecommons.org/licenses/by-sa/4.0
https://bio.libretexts.org/Courses/Universiti_Putra_Malaysia/ESC4103_-_Environmental_Microbiology_(Universiti_Putra_Malaysia)/02%3A_Types_and_habitats/2.02%3A_Classification_of_Microorganisms?no-cache
https://bio.libretexts.org/@go/page/8772
https://creativecommons.org/licenses/by-sa/4.0/
https://courses.lumenlearning.com/boundless-microbiology/

Li breTexts*

https://bio.libretexts.org/@go/page/105528



https://libretexts.org/
https://creativecommons.org/licenses/by-sa/4.0/
https://bio.libretexts.org/@go/page/105528?pdf

LibreTexts"

2.3: Microbes and the Origin of Life on Earth

4b Learning Objectives

o Assess the characteristics of pre-life earth and which adaptations allowed early microbial life to flourish.

Scientific evidence suggests that life began on Earth some 3.5 billion years ago. Since then, life has evolved into a wide variety of
forms, which biologists have classified into a hierarchy of taxa. Some of the oldest cells on Earth are single-cell organisms called
archaea and bacteria. Fossil records indicate that mounds of bacteria once covered young Earth. Some began making their own
food using carbon dioxide in the atmosphere and energy they harvested from the sun. This process (called photosynthesis)
produced enough oxygen to change Earth’s atmosphere.

Soon afterward, new oxygen-breathing life forms came onto the scene. With a population of increasingly diverse bacterial life, the
stage was set for more life to form. There is compelling evidence that mitochondria and chloroplasts were once primitive bacterial
cells. This evidence is described in the endosymbiotic theory. Symbiosis occurs when two different species benefit from living and
working together. When one organism actually lives inside the other it’s called endosymbiosis. The endosymbiotic theory describes
how a large host cell and ingested bacteria could easily become dependent on one another for survival, resulting in a permanent
relationship.

Over millions of years of evolution, mitochondria and chloroplasts have become more specialized and today they cannot live
outside the cell. Mitochondria and chloroplasts have striking similarities to bacteria cells. They have their own DNA, which is
separate from the DNA found in the nucleus of the cell. And both organelles use their DNA to produce many proteins and enzymes
required for their function. A double membrane surrounding both mitochondria and chloroplasts is further evidence that each was
ingested by a primitive host. The two organelles also reproduce like bacteria, replicating their own DNA and directing their own
division.

Mitochondrial DNA (mtDNA) has a unique pattern of inheritance. It is passed down directly from mother to child, and it
accumulates changes much more slowly than other types of DNA. Because of its unique characteristics, mtDNA has provided
important clues about evolutionary history. For example, differences in mtDNA are examined to estimate how closely related one
species is to another.

Cr.Ed Pl B e R

Figure: Extremophiles: Photosynthetic fossilized cyanobacteria in a billion year old rock formation of Glacier National Park,

Montana, USA.
Conditions on Earth 4 billion years ago were very different than they are today. The atmosphere lacked oxygen, and an ozone layer
did not yet protect Earth from harmful radiation. Heavy rains, lightning, and volcanic activity were common. Yet the earliest cells
originated in this extreme environment. Extremophiles archaea still thrive in extreme habitats. Astrobiologists are now using
archaea to study the origins of life on Earth and other planets. Because archaea inhabit places previously considered incompatible
with life, they may provide clues that will improve our ability to detect extraterrestrial life. Interestingly, current research suggests
archaea may be capable of space travel by meteorite. Such an event termed panspermia could have seeded life on Earth or
elsewhere.

The presence of archaea and bacteria changed Earth dramatically. They helped establish a stable atmosphere and produced oxygen
in such quantities that eventually life forms could evolve that needed oxygen. The new atmospheric conditions calmed the weather
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so that the extremes were less severe. Life had created the conditions for new life to be formed. This process is one of the great
wonders of nature.

Key Points

o The proposed mechanisms for the origin of life on Earth include endosymbiosis and panspermia. Both are debatable theories.

¢ In these two theories, bacteria and extremophile archaea are thought to have initiated an oxygenated atmosphere creating new
forms of life.

» Evolutionary processes over billions of years gave rise to the biodiversity of life on Earth.

Key Terms

o endosymbiosis: A condition of living within the body or cells of another organism.

o panspermia: The hypothesis that microorganisms may transmit life from outer space to habitable bodies; or the process of such
transmission.

This page titled 2.3: Microbes and the Origin of Life on Earth is shared under a CC BY-SA 4.0 license and was authored, remixed, and/or curated
by Boundless.

e 1.2C: Microbes and the Origin of Life on Earth by Boundless is licensed CC BY-SA 4.0. Original source:
https://courses.lumenlearning.com/boundless-microbiology/.

https://bio.libretexts.org/@go/page/105529


https://libretexts.org/
https://creativecommons.org/licenses/by-sa/4.0/
https://bio.libretexts.org/@go/page/105529?pdf
https://bio.libretexts.org/Courses/Universiti_Putra_Malaysia/ESC4103_-_Environmental_Microbiology_(Universiti_Putra_Malaysia)/02%3A_Types_and_habitats/2.03%3A_Microbes_and_the_Origin_of_Life_on_Earth
https://creativecommons.org/licenses/by-sa/4.0
https://bio.libretexts.org/Courses/Universiti_Putra_Malaysia/ESC4103_-_Environmental_Microbiology_(Universiti_Putra_Malaysia)/02%3A_Types_and_habitats/2.03%3A_Microbes_and_the_Origin_of_Life_on_Earth?no-cache
https://bio.libretexts.org/@go/page/8773
https://creativecommons.org/licenses/by-sa/4.0/
https://courses.lumenlearning.com/boundless-microbiology/

LibreTexts"

2.4: Environmental Diversity of Microbes

4} Learning Objectives

e Summarize how microbial diversity contributes to microbial occupation of diverse geographical niches.

The microbial world encompasses most of the phylogenetic diversity on Earth, as all Bacteria, all Archaea, and most lineages of the
Eukarya are microorganisms. Microbes live in every kind of habitat (terrestrial, aquatic, atmospheric, or living host) and their
presence invariably affects the environment in which they grow. Their diversity enables them to thrive in extremely cold or
extremely hot environments. Their diversity also makes them tolerant of many other conditions, such as limited water availability,
high salt content, and low oxygen levels.

Figure: Microorganisms in a hot environment: Algae growing in a hot pool in New Zealand.

Not every microbe can survive in all habitats, though. Each type of microbe has evolved to live within a narrow range of
conditions. Although the vast majority of microbial diversity remains undetermined, it is globally understood that the effects of
microorganisms on their environment can be beneficial. The beneficial effects of microbes derive from their metabolic activities in
the environment, their associations with plants and animals, and from their use in food production and biotechnological processes.

In turn, the environment and the recent temperature anomalies play a crucial role in driving changes to the microbial communities.
For instance, the assemblage of microbes that exists on the surface of seawater is thought to have undergone tremendous change
with respect to composition, abundance, diversity, and virulence as a result of climate-driving sea surface warming.

For microbiologists, it is critical to study microbial adaptation to different environments and their function in those environments to
understand global microbial diversity, ecology, and evolution. They rely on specific physical and chemical factors such as
measuring temperature, pH, and salinity within a certain geography to formulate a comparison among microbial communities and
the environment different species can tolerate. Researchers collect samples from geographical areas with different environmental
conditions and between seasons to determine how dispersal patterns shape microbial communities and understand why organisms
live where they do. As such, microbial communities from coastal and open oceans, polar regions, rivers, lakes, soils, atmosphere,
and the human body can be tested. These samplings create a starting point to understand how the abundance and composition of
microbial communities correlate with climatic perturbations, interact to effect ecosystem processes, and influence human health.
Interfering with natural microbial biomass disrupts the balance of nature and the ecosystem and leads to loss of biodiversity.
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Key Points

o Different microbial species thrive under different environmental conditions.

e Microbial communities occupy aquatic and terrestrial habitats and constitute the majority of biodiversity on Earth.
e Microbial diversities sustain the ecosystem in which they grow.

Key Terms
o biodiversity: The diversity (number and variety of species) of plant and animal life within a region.
o biomass: The total mass of all living things within a specific area or habitat.

This page titled 2.4: Environmental Diversity of Microbes is shared under a CC BY-SA 4.0 license and was authored, remixed, and/or curated by

Boundless.

o 1.2D: Environmental Diversity of Microbes by Boundless is licensed CC BY-SA 4.0. Original source:
https://courses.lumenlearning.com/boundless-microbiology/.
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3.5G: The Legume-Root Nodule Symbiosis
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SECTION OVERVIEW

3.1: Microbial Ecology

‘ Topic hierarchy

3.1A: Microbes and Ecosystem Niches
3.1B: Organization of Ecosystems
3.1C: Role of Microbes in Biogeochemical Cycling

3.1D: Microbial Environments and Microenvironments

This page titled 3.1: Microbial Ecology is shared under a CC BY-SA 4.0 license and was authored, remixed, and/or curated by Boundless.
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3.1A: Microbes and Ecosystem Niches

4b Learning Objectives

o Evaluate microbes and the niches they occupy

Microbes and Ecosystem Niches

Microbial life is amazingly diverse and microorganisms quite literally cover the planet. In fact, it has been estimated that there are
100,000,000 times more microbial cells on the planet than there are stars in the observable universe! Microbes live in all parts of
the biosphere where there is liquid water, including soil, hot springs, the ocean floor, acid lakes, deserts, geysers, rocks, and even
the mammalian gut.

By virtue of their omnipresence, microbes impact the entire biosphere; indeed, microbial metabolic processes (including nitrogen
fixation, methane metabolism, and sulfur metabolism) collectively control global biogeochemical cycling. The ability of microbes
to contribute substantially to the function of every ecosystem is a reflection their tremendous biological diversity.

Figure: A Biofilm of Thermophilic Bacteria: Thermophiles, which thrive at relatively high temperatures, occupy a unique

ecological niche. This image shows a colony of thermophilic bacteria at Mickey Hot Springs in Oregon, USA.
Microbes are vital to every ecosystem on Earth and are particularly important in zones where light cannot approach (that is, where
photosynthesis cannot be the basic means to collect energy). Microorganisms participate in a host of fundamental ecological
processes including production, decomposition, and fixation. They can also have additional indirect effects on the ecosystem
through symbiotic relationships with other organisms. In addition, microbial processes can be co-opted for biodegradation or
bioremediation of domestic, agricultural, and industrial wastes, making the study of microbial ecology particularly important for
biotechnological and environmental applications.

Each species in an ecosystem is thought to occupy a separate, unique niche. The ecological niche of a microorganism describes
how it responds to the distribution of resources and competing species, as well as the ways in which it alters those same factors in
turn. In essence, the niche is a complex description of the ways in which a microbial species uses its environment.

The precise ecological niche of a microbe is primarily determined by the specific metabolic properties of that organism. For
example, microbial organisms that can obtain energy from the oxidation of inorganic compounds (such as iron-reducing bacteria )
will likely occupy a different niche from those that obtain energy from light (such as cyanobacteria). Even among photosynthetic
bacteria, there are various species that contain different photosynthetic pigments (such as chlorophylls and carotenoids) that allow
them to take advantage of different portions of the electromagnetic spectrum; therefore, even microbes with similar metabolic
properties may inhabit unique niches.

Key Points

e Microbes live in all parts of the biosphere where there is liquid water.

o By virtue of their omnipresence, microbes impact the entire biosphere.

o Each microbial species in an ecosystem is thought to occupy a unique niche, which is a complex description of the ways in
which an organism uses its environment.

o The precise ecological niche of a microbe is primarily determined by the specific metabolic properties of that organism.

Key Terms

o bioremediation: The use of biological organisms, usually microorganisms, to remove contaminants, especially from polluted
water.
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o niche: A function within an ecological system to which an organism is especially suited.
o biosphere: The part of the Earth and its atmosphere capable of supporting life.

3.1A: Microbes and Ecosystem Niches is shared under a CC BY-SA 4.0 license and was authored, remixed, and/or curated by LibreTexts.

« 16.1A: Microbes and Ecosystem Niches is licensed CC BY-SA 4.0.
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3.1B: Organization of Ecosystems

4b Learning Objectives

o Tllustrate the organization of ecosystems

Although ecologists tend to regard ecosystems as basic structural units, it can be difficult (if not impossible) to formally define the
boundaries of a given ecosystem. As such, ecosystems are better thought of as conceptual rather than actual geographical locations.
Rarely are ecosystems isolated from one another; rather, they should be considered parts of a larger functioning whole that together
comprise the biosphere (“the place on Earth’s surface where life dwells”).

Despite the fact that clear boundaries between ecosystems may be difficult to identify, the myriad interactions that take place within
an ecological community can often be observed and defined. These interactions may be best described by detailing feeding
connections (what eats what) among biota in an ecosystem, thereby linking the ecosystem into a unified system of exchange.

All life forms in an ecosystem can be broadly grouped into one of two categories (called trophic levels):

o Autotrophs, which produce organic matter (food) from inorganic substances; and
o Heterotrophs, which must feed on other organisms in order to obtain organic matter.

In general, trophic levels are used to describe the way in which a particular organism within an ecosystem gets its food. Using this
description, we can restate and reorganize the categories above to define the three basic ways organisms acquire their food:

o Producers (autotrophs) do not usually eat other organisms but pull nutrients from the soil or the ocean and manufacture their
own food using photosynthesis. In this way, it is the energy from the sun that usually powers the base of the food chain.

o Consumers (heterotrophs) cannot manufacture their own food and need to consume other organisms.

e Decomposers break down dead plant and animal material and wastes and release them into the ecosystem as energy and
nutrients for recycling.

Within ecosystems, the biotic factors that comprise the categories above can be organized into a food chain in which autotrophic
producers use materials and nutrients recycled by decomposers to make their own food; the producers are in turn eaten by
heterotrophic consumers. In real world ecosystems, there are multiple food chains for most organisms (since most organisms eat
more than one kind of food or are eaten by more than one type of predator). Additionally, the movement of mineral nutrients in the
food chain is cyclic rather than linear. As a consequence, the intricate network of intersecting and overlapping food chains for an
ecosystem is more commonly represented as a food web. A food web depicts a collection of heterotrophic consumers that network
and cycle the flow of energy and nutrients from a productive base of self-feeding autotrophs.

—— Energy movement )TMi:
Links

——— Mineral nutrient movement

—a Nodes containing
trophic species

Heterotrophs

Carnivores

Producers

Sun — (Autotrophs), Mineral nutrient

pool

—

Figure: A simplified food web: This image shows a simplified food web model of energy and mineral nutrient movement in an
ecosystem. Energy flow is unidirectional (noncyclic) and mineral nutrient movement is cyclic.
Microorganisms play a vital role in every ecological community by serving both as producers and as decomposers. Although plants
are the most common primary producers, autotrophic photosynthetic microbes (such as cyanobacteria and algae) can harness light
energy to generate organic matter. Additionally, in zones where light cannot penetrate (and thus photosynthesis cannot be the basic
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means to produce energy), chemosynthetic microbes provide energy and carbon to the other organisms in the ecosystem. Other
microbes are decomposers, with the ability to recycle nutrients from dead organic matter and other organisms’ waste products.

Decomposition is critical as most of the carbon and energy incorporated into plant tissues during photosynthesis remains uneaten
when the plant tissue dies (and therefore must be broken down before it can be made available for recycling).

Key Points

e An ecosystem is a unified system of exchange made up of autotrophic producers, heterotrophic consumers, and decomposers.

o A food web depicts a collection of heterotrophic consumers that network and cycle the flow of energy and nutrients from a
productive base of self-feeding autotrophs.

e Microorganisms play a vital role in every ecological community by serving as both producers and decomposers.
Key Terms
o autotroph: Any organism that can synthesize its food from inorganic substances, using heat or light as a source of energy.

o heterotroph: An organism that requires an external supply of energy in the form of food as it cannot synthesize its own.

3.1B: Organization of Ecosystems is shared under a CC BY-SA 4.0 license and was authored, remixed, and/or curated by LibreTexts.
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3.1C: Role of Microbes in Biogeochemical Cycling

4} Learning Objectives

o Explain the role microbes play in biogeochemical cycling

Microbial Role in Biogeochemical Cycling

Nutrients move through the ecosystem in biogeochemical cycles. A biogeochemical cycle is a pathway by which a chemical
element (such as carbon or nitrogen) circulates through the biotic (living) and the abiotic (non-living) factors of an ecosystem. The
elements that move through the factors of an ecosystem are not lost but are instead recycled or accumulated in places called
reservoirs (or “sinks”) where they can be held for a long period of time. Elements, chemical compounds, and other forms of matter
are passed from one organism to another and from one part of the biosphere to another through these biogeochemical cycles.

Ecosystems have many biogeochemical cycles operating as a part of the system. A good example of a molecule that is cycled
within an ecosystem is water, which is always recycled through the water cycle. Water undergoes evaporation, condensation, and
then falls back to Earth as rain (or other forms of precipitation). This typifies the cycling that is observed for all of the principal

-

elements of life.

Water storage I — . -
in ice and snow /-yﬂ"!ﬁmiﬂ storage in the atmosphere Condensation

U‘ -, Sublimation

Evapotranspiration

Water storage
in oceans

Figure: The Water Cycle: Water is recycled in an ecosystem through the water cycle.

Although biogeochemical cycles in a given ecosystem are coordinated by the full complement of living organisms and abiotic
factors that make up that system, microorganisms play a primary role in regulating biogeochemical systems in virtually all of our
planet’s environments. This includes extreme environments such as acid lakes and hydrothermal vents, and even includes living
systems such as the human gut. The key collective metabolic processes of microbes (including nitrogen fixation, carbon fixation,
methane metabolism, and sulfur metabolism) effectively control global biogeochemical cycling. Incredibly, production by microbes
is so immense that global biogeochemistry would likely not change even if eukaryotic life were totally absent!

Microbes comprise the backbone of every ecological system, particularly those in which there is no light (i.e. systems in which
energy cannot be collected through photosynthesis ). Two key examples of critical biogeochemical processes carried out by
microorganisms are discussed below.
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The Carbon Cycle

Figure: Cyanobacteria: Cyanobacteria, also known as blue-green bacteria, blue-green algae, and Cyanophyta, is a phylum of
bacteria that obtain their energy through photosynthesis
Carbon is critical for life because it is the essential building block of all organic compounds. Plants and animals utilize carbon to
produce carbohydrates, fats, and proteins, which can then be used to build their internal structures or to obtain energy.

Carbon in the form of carbon dioxide (CO>) is readily obtained from the atmosphere, but before it can be incorporated into living
organisms it must be transformed into a usable organic form. The transformative process by which carbon dioxide is taken up from
the atmospheric reservoir and “fixed” into organic substances is called carbon fixation. Perhaps the best known example of carbon
fixation is photosynthesis, a process by which energy derived from sunlight is harnessed to form organic compounds.
Photosynthesis depends on the activity of microorganisms such as cyanobacteria; indeed, the fact that there is oxygen in the Earth’s
atmosphere at all is a consequence of the photosynthetic activity of ancient microbes.

The Nitrogen Cycle

Nitrogen is essential for all forms of life because it is required for synthesis of the basic building blocks of life (e.g., DNA, RNA,
and amino acids). The Earth’s atmosphere is primarily composed of nitrogen, but atmospheric nitrogen (N») is relatively unusable
for biological organisms. Consequently, chemical processing of nitrogen (or nitrogen fixation) is necessary to convert gaseous
nitrogen into forms that living organisms can use. Almost all of the nitrogen fixation that occurs on the planet is carried out by
bacteria that have the enzyme nitrogenase, which combines N, with hydrogen to produce a useful form of nitrogen (such as
ammonia). Thus, microorganisms are absolutely essential for plant and animal life forms, which cannot fix nitrogen on their own.
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L

Y,

@ Denitri
Bacteria
Nitrogen-fixing ‘
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Figure: The Role of Microbes in the Nitrogen Cycle: The processing of nitrogen into a biologically useful form requires the
activity of microorganisms.
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Key Points

o A biogeochemical cycle is a pathway by which a chemical element (such as carbon or nitrogen) circulates through and is
recycled by an ecosystem.

e Microorganisms play a primary role in regulating biogeochemical systems in virtually all of our planet ‘s environments.
e Microbes participate in essential biogeochemical cycling events such as carbon and nitrogen fixation.

Key Terms

o photosynthesis: The process by which plants and other photoautotrophs generate carbohydrates and oxygen from carbon
dioxide, water, and light energy in chloroplasts.

o biogeochemistry: The scientific study of biological, geological, and chemical processes in the natural environment and
especially of their mutual relationships.

¢ nitrogenase: The enzyme, in nitrogen-fixing bacteria, that catalyzes the conversion of atmospheric nitrogen into ammonia.

3.1C: Role of Microbes in Biogeochemical Cycling is shared under a CC BY-SA 4.0 license and was authored, remixed, and/or curated by
LibreTexts.

« 16.1C: Role of Microbes in Biogeochemical Cycling is licensed CC BY-SA 4.0.
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3.1D: Microbhial Environments and Microenvironments

4b Learning Objectives

o Define microenvironments

Microorganisms are found on practically every habitable square inch of the planet. They live and thrive in all parts of the biosphere
where there is liquid water, including hostile environments such as the poles, deserts, geysers, rocks, and the deep sea. Additionally,
while microbes are often free-living, many have intimate symbiotic relationships with other larger organisms. Clearly, microbes
have adapted to extreme and intolerant conditions, and it is this adaptation that has yielded tremendous biological diversity among
microorganisms.

Like all extant organisms, microbes have evolved to thrive within a given environmental context. Microorganisms are ubiquitous
despite the fact that the planet is host to extraordinarily diverse environments. Therefore, microbes have adapted to fill every
ecological niche on the planet. For example, extremophilic species have been found that can tolerate the following environmental
extremes:

o Temperatures as high as 130 °C (266 °F) and as low as =17 °C (1 °F)

o Highly alkaline (pH 0) and highly acidic (pH 11.5) environments

o Extremely saline environments (including those in which the salt concentration is saturating)

o Extremely high (1,000-2,000 atm) and low (0 atm) pressures (some bacteria can survive for prolonged periods in a pressure-less
vacuum, meaning they might even survive in space)

o High ionizing radiation (up to 15,000 Gy; as a reference, a mere 5 Gy would kill a human! )

These evolutionary adaptations have allowed microbial life to extend into much of the Earth’s atmosphere, crust, and hydrosphere
(the water found over, under, and on the surface of a planet).

In addition to occupying a unique niche within an ecosystem, microbes are potentially sensitive to subtle environmental differences
between adjacent areas. These differences define so-called microenvironments (or microhabitats) that can be distinguished from the
immediate surroundings by such factors as the amount of incident light, the degree of moisture, and the range of temperatures. For
example, the side of a tree that is shaded from sunlight is a microenvironment that typically supports a somewhat different
community of microorganisms than would be found on the side that receives regular light. Microbes, therefore, are not only
adapted to their habitat, but also to the immediate environment, thus promoting increased diversity among microbial species within
an ecosystem.
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Key Points

e Microorganisms are found in practically every habitat present on the planet.

e Microorganisms have evolved to survive in extraordinarily diverse environments, including extreme, hostile, or otherwise
intolerant ecological systems.

¢ In addition to occupying a unique niche within an ecosystem, microbes adapt to microenvironments (or microhabitats) that can
be distinguished from the immediate surroundings by such factors as the amount of incident light, the degree of moisture, and
the range of temperatures.
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Key Terms

o microenvironment: The very small environment in the immediate vicinity of an organism.

o extremophilic: Of or pertaining to the extremophiles, a class of organism that thrives under extreme conditions of temperature,
salinity, and so on; commercially important as a source of enzymes that operate under similar conditions.

o ubiquitous: Being everywhere at once: omnipresent.

3.1D: Microbial Environments and Microenvironments is shared under a CC BY-SA 4.0 license and was authored, remixed, and/or curated by
LibreTexts.
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3.2: Soil and Plant Microbiology
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3.2A: Soil Composition

4b Learning Objectives

o Explain soil composition

Plants obtain inorganic elements from the soil, which serves as a natural medium for land plants. Soil is the outer, loose layer that
covers the surface of Earth. Soil quality, a major determinant, along with climate, of plant distribution and growth, depends not

only on the chemical composition of the soil, but also the topography (regional surface features) and the presence of living
organisms.

Soil consists of these major components:

Qrganic matter
(microorganisms
and macroorganisms)

5%
Inorganic
mineral matter
45%
| Water Air
AN 2506 25%

50%
Figure: Components of soil: The four major components of soil are shown: inorganic minerals, organic matter, water, and air.

o inorganic mineral matter, about 40 to 45 percent of the soil volume
e organic matter, about 5 percent of the soil volume

o water, about 25 percent of the soil volume

e air, about 25 percent of the soil volume

The amount of each of the four major components of soil depends on the quantity of vegetation, soil compaction, and water present
in the soil. A good, healthy soil has sufficient air, water, minerals, and organic material to promote and sustain plant life.

The organic material of soil, called humus, is made up of microorganisms (dead and alive), and dead animals and plants in varying
stages of decay. Humus improves soil structure, providing plants with water and minerals. The inorganic material of soil is
composed of rock, slowly broken down into smaller particles that vary in size. Soil particles that are 0.1 to 2 mm in diameter are
sand. Soil particles between 0.002 and 0.1 mm are called silt, and even smaller particles, less than 0.002 mm in diameter, are called
clay. Some soils have no dominant particle size, containing a mixture of sand, silt, and humus; these soils are called loams.

Key Points

o The chemical composition of the soil, the topography, and the presence of living organisms determines the quality of soil.
o In general, soil contains 40-45% inorganic matter, 5% organic matter, 25% water, and 25% air.

o In order to sustain plant life, the proper mix of air, water, minerals, and organic material is required.

e Humus, the organic material in soil, is composed of microorganisms (dead and alive) and decaying plants.

o The inorganic material of soil is composed of rock, which is broken down into small particles of sand (0.1 to 2 mm), silt (0.002
to 0.1 mm), and clay (less than 0.002 mm).

e Loam is a soil that is a mix sand, silt, and humus.

Key Terms
¢ loam: soil with no dominant particle size that contains a mixture of sand, silt, and humus

o humus: a large group of natural organic compounds found in the soil composed of decaying plants and dead and living
microorganisms

3.2A: Soil Composition is shared under a CC BY-SA 4.0 license and was authored, remixed, and/or curated by LibreTexts.
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3.2B: Physical Properties of Soil

4} Learning Objectives

o Describe the physical properties or profile of soil

Soils are named and classified based on their horizons. The soil profile has four distinct layers:

-'I
e

- -

48 |

Figure: Soil profile: This soil profile shows the different soil layers (O horizon, A horizon, B horizon, and C horizon) found in
typical soils.

1. The O horizon has freshly-decomposing organic matter, humus, at its surface, with decomposed vegetation at its base. Humus
enriches the soil with nutrients, enhancing soil moisture retention. Topsoil, the top layer of soil, is usually two to three inches
deep, but this depth can vary considerably. For instance, river deltas, such as the Mississippi River delta, have deep layers of
topsoil. Topsoil is rich in organic material. Microbial processes occur there; it is responsible for plant production.

2. The A horizon consists of a mixture of organic material with inorganic products of weathering; it is the beginning of true
mineral soil. This horizon is typically darkly colored because of the presence of organic matter. In this area, rainwater percolates
through the soil and carries materials from the surface.

3. The B horizon, or subsoil, is an accumulation of mostly fine material that has moved downward, resulting in a dense layer in the
soil. In some soils, the B horizon contains nodules or a layer of calcium carbonate.

4. The C horizon, or soil base, includes the parent material, plus the organic and inorganic material that is broken down to form
soil. The parent material may be either created in its natural place or transported from elsewhere to its present location. Beneath
the C horizon lies bedrock.

Some soils may have additional layers, or lack one of these layers. The thickness of the layers is also variable, depending on the
factors that influence soil formation. In general, immature soils may have O, A, and C horizons, whereas mature soils may display
all of these, plus additional layers.

A harizon

B horizon

C harizon

-4 - SIS

Figure: Mature soil: The San Joaquin soil is a mature soil that has an O horizon, A horizon, B horizon, and C horizon.
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Key Points

o The O horizon, or topsoil, is made of decaying organisms and plant life; it is responsible for plant production.

e The A horizon is of a mixture of organic material and inorganic products of weathering; it is the beginning of true mineral soil.
o The B horizon, or subsoil, is a dense layer of mostly fine material that has been pushed down from the topsoil.

e The C horizon, or soil base, is located just above bedrock and is made of parent, organic, and inorganic material.

Key Terms

o topsoil: top layer of soil containing humus at its surface and decomposing vegetation at its base; the most fertile soil
o subsoil: dense layer of soil containing fine material that has moved downward; the layer of earth that is below the topsoil

3.2B: Physical Properties of Soil is shared under a CC BY-SA 4.0 license and was authored, remixed, and/or curated by LibreTexts.
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3.2C: Mycorrhiza

4b Learning Objectives

o Evaluate mycorrhiza as a plant symbiote

A mycorrhiza is a symbiotic (generally mutualistic, but occasionally weakly pathogenic) association between a fungus and the roots
of a vascular plant.

In a mycorrhizal association, the fungus colonizes the host plant’s roots, either intracellularly as in arbuscular mycorrhizal fungi
(AMF or AM) or extracellularly as in ectomycorrhizal fungi. They are an important component of soil life and soil chemistry.
Mycorrhizas form a mutualistic relationship with the roots of most plant species. While only a small proportion of all species has
been examined, 95% of those plant families are predominantly mycorrhizal.

They are named after their presence in the plant’s rhizosphere (root system). This mutualistic association provides the fungus with
relatively constant and direct access to carbohydrates, such as glucose and sucrose. The carbohydrates are translocated from their
source (usually leaves) to root tissue and on to the plant’s fungal partners. In return, the plant gains the benefits of the mycelium’s
higher absorptive capacity for water and mineral nutrients due to the comparatively large surface area of mycelium: root ratio, thus
improving the plant’s mineral absorption capabilities. Plant roots alone may be incapable of taking up phosphate ions that are
demineralized in soils with a basic pH. The mycelium of the mycorrhizal fungus can, however, access these phosphorus sources
and make them available to the plants they colonize.

Suillus tomentosus, a fungus, produces specialized structures, known as tuberculate ectomycorrhizae, with its plant host lodgepole
pine (Pinus contorta var. latifolia). These structures have in turn been shown to host nitrogen fixing bacteria which contribute a
significant amount of nitrogen and allow the pines to colonize nutrient-poor sites.

Plants grown in sterile soils and growth media often perform poorly without the addition of spores or hyphae of mycorrhizal fungi
to colonize the plant roots and aid in the uptake of soil mineral nutrients.

Fungi have been found to have a protective role for plants rooted in soils with high metal concentrations, such as acidic and
contaminated soils. Pine trees inoculated with Pisolithus tinctorius planted in several contaminated sites displayed high tolerance to
the prevailing contaminant, survivorship, and growth.

Mycorrhizas are present in 92% of plant families studied (80% of species), with arbuscular mycorrhizas being the ancestral and
predominant form and the most prevalent symbiotic association found in the plant kingdom. The structure of arbuscular
mycorrhizas has been highly conserved since their first appearance in the fossil record.

Key Points

¢ In a mycorrhizal association, the fungus colonizes the host plant’s roots, either intracellularly as in arbuscular mycorrhizal fungi
(AMF or AM) or extracellularly as in ectomycorrhizal fungi.

e Mycorrhiza are named after their presence in the plant’s rhizosphere (root system). This mutualistic association provides the
fungus with relatively constant and direct access to carbohydrates, such as glucose and sucrose.

o Plants grown in sterile soils and growth media often perform poorly without the addition of spores or hyphae of mycorrhizal
fungi to colonize the plant roots and aid in the uptake of soil mineral nutrients.

Key Terms

o mycorrhiza: A symbiotic relationship between the mycelium of a fungus and the roots of a plant.

3.2C: Mycorrhiza is shared under a CC BY-SA 4.0 license and was authored, remixed, and/or curated by LibreTexts.

e 16.2C: Mycorrhiza is licensed CC BY-SA 4.0.

https://bio.libretexts.org/@go/page/105540



https://libretexts.org/
https://creativecommons.org/licenses/by-sa/4.0/
https://bio.libretexts.org/@go/page/105540?pdf
https://bio.libretexts.org/Courses/Universiti_Putra_Malaysia/ESC4103_-_Environmental_Microbiology_(Universiti_Putra_Malaysia)/03%3A_Microbial_Ecology/3.02%3A_Soil_and_Plant_Microbiology/3.2C%3A_Mycorrhiza
https://bio.libretexts.org/Courses/Universiti_Putra_Malaysia/ESC4103_-_Environmental_Microbiology_(Universiti_Putra_Malaysia)/03%3A_Microbial_Ecology/3.02%3A_Soil_and_Plant_Microbiology/3.2C%3A_Mycorrhiza
https://creativecommons.org/licenses/by-sa/4.0
https://bio.libretexts.org/@go/page/12369
https://creativecommons.org/licenses/by-sa/4.0/

LibreTexts"

3.2D: Wetland Soils

4b Learning Objectives

e Assess the composition of wetland soils

A wetland is a land area that is saturated with water, either permanently or seasonally, such that it takes on the characteristics of a
distinct ecosystem. Primarily, the factor that distinguishes wetlands from other land forms or water bodies is the characteristic
vegetation that is adapted to its unique soil conditions: Wetlands consist primarily of hydric soil, which supports aquatic plants. The
water found in wetlands can be saltwater, freshwater, or brackish. Main wetland types include swamps, marshes, bogs and fens.
Sub-types include mangrove, carr, pocosin, and varzea.

Wetlands play a number of roles in the environment, principally water purification, flood control, and shoreline stability. Wetlands
are also considered the most biologically diverse of all ecosystems, serving as home to a wide range of plant and animal life.

In balanced soil, plants grow in an active and steady environment. The mineral content of the soil and its heartiful structure are
important for their well-being, but it is the life in the earth that powers its cycles and provides its fertility. Without the activities of
soil organisms, organic materials would accumulate and litter the soil surface, and there would be no food for plants.

The soil biota includes:

Sunlight

Y
A

Figure: A freshwater aquatic and terrestrial food-web.: The food web is a complex and interconnected.

Megafauna: size range — 20 mm upward, e.g. moles, rabbits, and rodents.
Mesofauna: size range — 100 micrometres to 2 mm, e.g. tardigrades, mites, and springtails.

Microfauna and Microflora: size range — 1 to 100 micrometres, e.g. yeasts, bacteria (commonly actinobacteria), fungi, protozoa,
roundworms, and rotifers.

Of these, bacteria and fungi play key roles in maintaining a healthy soil. They act as decomposers that break down organic
materials to produce detritus and other breakdown products. Soil detritivores, like earthworms, ingest detritus and decompose it.
Saprotrophs, well represented by fungi and bacteria, extract soluble nutrients from delitro. The ants (macrofaunas) help by breaking
down in the same way but they also provide the motion part as they move in their armies. Also the rodents, wood-eaters help the
soil to be more absorbent.

Nutrient cycling in lakes and freshwater wetlands depends heavily on redox conditions. Under a few millimeters of water
heterotrophic bacteria metabolize and consume oxygen. They therefore deplete the soil of oxygen and create the need for anaerobic
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respiration. Some anaerobic microbial processes include denitrification, sulfate reduction and methanogenesis and are responsible
for the release of Ny (nitrogen), H»S (hydrogen sulfide) and CH4 (methane). Other anaerobic microbial processes are linked to
changes in the oxidation state of iron and manganese. As a result of anaerobic decomposition, the soil stores large amounts of
organic carbon because decomposition is incomplete.

The redox potential describes which way chemical reactions will proceed in oxygen deficient soils and controls the nutrient cycling
in flooded systems. Redox potential, or reduction potential, is used to express the likelihood of an environment to receive electrons
and therefore become reduced. For example, if a system already has plenty of electrons (anoxic, organic-rich shale) it is reduced
and will likely donate electrons to a part of the system that has a low concentration of electrons, or an oxidized environment, to
equilibrate to the chemical gradient. The oxidized environment has high redox potential, whereas the reduced environment has a
low redox potential.

H N

NAD+ NADH, He
Figure: Redox Potential: The redox potential describes which way chemical reactions will proceed in oxygen deficient soils and
controls the nutrient cycling in flooded systems.
The redox potential is controlled by the oxidation state of the chemical species, pH and the amount of oxygen (O-) there is in the
system. The oxidizing environment accepts electrons because of the presence of O, which acts as electron acceptors:

0, + 4™ + 4H" - H,0

This equation will tend to move to the right in acidic conditions which causes higher redox potentials to be found at lower pH
levels. Bacteria, heterotrophic organisms, consume oxygen while decomposing organic material which depletes the soils of oxygen,
thus increasing the redox potential. In low redox conditions the deposition of ferrous iron (Fe?*) will increase with decreasing
decomposition rates, thus preserving organic remains and depositing humus.

Key Points

o Nutrient cycling in lakes and freshwater wetlands depends heavily on redox conditions.

¢ Some anaerobic microbial processes include denitrification, sulfate reduction and methanogenesis and are responsible for the
release of N2 (nitrogen), H2S (hydrogen sulfide) and CH4 (methane).

o Other anaerobic microbial processes are linked to changes in the oxidation state of iron and manganese and as a result of
anaerobic decomposition, the soil stores large amounts of organic carbon because decomposition is incomplete.

Key Terms

o denitrification: The process by which a nitrate becomes molecular nitrogen, especially by the action of bacteria.
o methanogenesis: The generation of methane by anaerobic bacteria.
o heterotroph: An organism that requires an external supply of energy in the form of food as it cannot synthesize its own.

3.2D: Wetland Soils is shared under a CC BY-SA 4.0 license and was authored, remixed, and/or curated by LibreTexts.
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3.2E: Endophytes and Plants

4b Learning Objectives

o Evaluate endophytes as plant pathogens

An endophyte is an endosymbiont, often a bacterium or fungus, that lives within a plant for at least part of its life without causing
apparent disease. Endophytes are ubiquitous and have been found in all the species of plants studied to date. However, most of
these endophyte/plant relationships are not well understood. Many economically important forage and turfgrasses (e.g., Festuca
spp., Lolium spp.) carry fungal endophytes (Neotyphodium spp.) which may improve the ability of these grasses to tolerate abiotic
stresses such as drought, as well as improve their resistance to insect and mammalian herbivores.

Figure: Root nodules on a legume: Soybean root nodules, each containing billions of Bradyrhizobium bacteria.

Endophytes may be transmitted either vertically (directly from parent to offspring) or horizontally (from individual to unrelated
individual). Vertically transmitted fungal endophytes are asexual and transmit via fungal hyphae penetrating the host’s seeds (e.g.,
Neotyphodium). Since their reproductive fitness is intimately tied to that of their host plant, these fungi are often mutualistic.
Conversely, horizontally transmitted fungal endophytes are sexual and transmit via spores that can be spread by wind and/or insect
vectors. Since they spread in a similar way to pathogens, horizontally transmitted endophytes are often closely related to
pathogenic fungi, although they are not pathogenic themselves.

Endophytes may benefit host plants by preventing pathogenic organisms from colonizing them. Extensive colonization of the plant
tissue by endophytes creates a “barrier effect,” where the local endophytes outcompete and prevent pathogenic organisms from
taking hold. Endophytes may also produce chemicals which inhibit the growth of competitors, including pathogenic organisms.
Some bacterial endophytes have proven to increase plant growth. The presence of fungal endophytes can cause higher rates of
water loss in leaves. However, certain fungal endophytes help plants survive drought and heat. Plant use of endophytic fungi in
defense is a very common phenomenon, primarily involving the arbuscular mycorrhizal fungi.

The wide range of compounds produced by endophytes have been shown to combat pathogens and even cancers in animals
including humans. One notable endophyte with medicinal benefits to humans was discovered by Gary Strobel: Pestalotiopsis
microspora, an endophytic fungus of Taxus wallachiana (Himalayan Yew) was found to produce taxol. Endophytes are also being
investigated for roles in agriculture and biofuels production. Inoculating crop plants with certain endophytes may provide increased
disease or parasite resistance while others may possess metabolic processes that convert cellulose and other carbon sources into
“myco-diesel” hydrocarbons and hydrocarbon derivatives. Piriformospora indica is an interesting endophytic fungus of the order
Sebacinales, the fungus is capable of colonizing roots and forming symbiotic relationship with every possible plant on earth. P.
indica has also been shown to increase both crop yield and plant defence of a variety of crops (barley, tomato, maize, etc. ) against
root-pathogens.

It is speculated that there may be many thousands of endophytes useful to mankind. However, since there are few scientists
working in this field, and since forests and areas of biodiversity are rapidly being destroyed, many useful endophytes for curing
disease might be permanently lost for medicinal use before they are discovered. The effects of climate change on endophytes are
being investigated. Studies of plants grown at different climates or at increased carbon dioxide levels have different distributions of
endophytic species.
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Key Points

o Endophytes are ubiquitous and have been found in all the species of plants studied to date.

e Vertically transmitted fungal endophytes are asexual and transmit via fungal hyphae penetrating the host ‘s seeds (e.g.,
Neotyphodium).

e The wide range of compounds produced by endophytes have been shown to combat pathogens and even cancers in animals
including humans.

Key Terms

o endophyte: Any organism that lives inside another plant.

3.2E: Endophytes and Plants is shared under a CC BY-SA 4.0 license and was authored, remixed, and/or curated by LibreTexts.
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3.2F: Mycorrhizae- The Symbiotic Relationship between Fungi and Roots

4b Learning Objectives

e Describe the symbiotic relationship of mycorrhizae and plant roots

Mycorrhizae: The Symbiotic Relationship between Fungi and Roots

Mycorrhizae: Hyphae proliferate within the mycorrhizae, which appears as off-white fuzz in this image. These hyphae greatly
increase the surface area of the plant root, allowing it to reach areas that are not depleted of nutrients.

A nutrient depletion zone can develop when there is rapid soil solution uptake, low nutrient concentration, low diffusion rate, or
low soil moisture. These conditions are very common,; therefore, most plants rely on fungi to facilitate the uptake of minerals from
the soil. Mycorrhizae, known as root fungi, form symbiotic associations with plant roots. In these associations, the fungi are
actually integrated into the physical structure of the root. The fungi colonize the living root tissue during active plant growth.

Figure: Ectomycorrhizae: Ectomycorrhizae form sheaths, called a mantle, around the roots of plants, as shown in this image.

Through mycorrhization, the plant obtains phosphate and other minerals, such as zinc and copper, from the soil. The fungus obtains
nutrients, such as sugars, from the plant root. Mycorrhizae help increase the surface area of the plant root system because hyphae,
which are narrow, can spread beyond the nutrient depletion zone. Hyphae are long extensions of the fungus, which can grow into
small soil pores that allow access to phosphorus otherwise unavailable to the plant. The beneficial effect on the plant is best
observed in poor soils. The benefit to fungi is that they can obtain up to 20 percent of the total carbon accessed by plants.
Mycorrhizae function as a physical barrier to pathogens. They also provides an induction of generalized host defense mechanisms,
which sometimes involves the production of antibiotic compounds by the fungi. Fungi have also been found to have a protective
role for plants rooted in soils with high metal concentrations, such as acidic and contaminated soils.

There are two types of mycorrhizae: ectomycorrhizae and endomycorrhizae. Ectomycorrhizae form an extensive dense sheath
around the roots, called a mantle. Hyphae from the fungi extend from the mantle into the soil, which increases the surface area for
water and mineral absorption. This type of mycorrhizae is found in forest trees, especially conifers, birches, and oaks.
Endomycorrhizae, also called arbuscular mycorrhizae, do not form a dense sheath over the root. Instead, the fungal mycelium is
embedded within the root tissue. Endomycorrhizae are found in the roots of more than 80 percent of terrestrial plants.

Key Points
o Because nutrients are often depleted in the soil, most plants form symbiotic relationships called mycorrhizae with fungi that
integrate into the plant’s root.
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o The relationship between plants and fungi is symbiotic because the plant obtains phosphate and other minerals through the
fungus, while the fungus obtains sugars from the plant root.
o The long extensions of the fungus, called hyphae, help increase the surface area of the plant root system so that it can extend

beyond the area of nutrient depletion.

o Ectomycorrhizae are a type of mycorrhizae that form a dense sheath around the plant roots, called a mantle, from which the
hyphae grow; in endomycorrhizae, mycelium is embedded within the root tissue, as opposed to forming a sheath around it.

¢ In endomycorrhizae, mycelium is embedded within the root tissue, as opposed to forming a sheath around it; these are found in

the roots of most terrestrial plants.

Key Terms

o mycorrhiza: a symbiotic association between a fungus and the roots of a vascular plant

o hypha: a long, branching, filamentous structure of a fungus that is the main mode of vegetative growth

o mycelium: the vegetative part of any fungus, consisting of a mass of branching, threadlike hyphae, often underground

3.2F: Mycorrhizae- The Symbiotic Relationship between Fungi and Roots is shared under a CC BY-SA 4.0 license and was authored, remixed,

and/or curated by LibreTexts.
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3.2F: Plant Pathogens

4b Learning Objectives

e Break down the types and modes of plant pathogenicity

Most bacteria that are associated with plants are actually saprophytic, and do no harm to the plant itself. However, a small number,
around 100 species, are able to cause disease. Bacterial diseases are much more prevalent in sub-tropical and tropical regions of the
world. Most plant pathogenic bacteria are rod shaped (bacilli). In order to be able to colonise the plant they have specific
pathogenicity factors. There are 4 main bacterial pathogenicity factors:

Figure: Tobacco Moesaic Disease: Photo of a tobacco leaf with symptoms of tobacco mosaic virus.
o Cell wall -degrading enzymes: These are used to break down the plant cell wall in order to release the nutrients inside.
o Toxins: These can be non- host -specific, which damage all plants, or host-specific, which cause damage only on a host plant.
¢ Phytohormones: example Agrobacterium changes the level of Auxin to cause tumours.
o Effector proteins: These can be secreted into the extracellular environment or directly into the host cell, often via the Type three
secretion system. Some effectors are known to suppress host defense processes. This can include: reducing the plants internal
signaling mechanisms or reduction of phytochemicals production. Bacteria, fungus and oomycetes are known for this function.

Significant bacterial plant pathogens:

o Burkholderia

o Proteobacteria

o Xanthomonas spp.

e Pseudomonas spp.

e Pseudomonas syringae pv. tomato causes tomato plants to produce less fruit, and it “continues to adapt to the tomato by
minimizing its recognition by the tomato immune system. “

The majority of phytopathogenic fungi belong to the Ascomycetes and the Basidiomycetes. The fungi reproduce both sexually and
asexually via the production of spores and other structures. Spores may be spread long distances by air or water, or they may be soil
borne. Many soil inhabiting fungi are capable of living saprotrophically, carrying out the part of their lifecycle in the soil. These are
known as facultative saprotrophs. Fungal diseases may be controlled through the use of fungicides and other agriculture practices,
however new races of fungi often evolve that are resistant to various fungicides. - Biotrophic fungal pathogens colonize living plant
tissue and obtain nutrients from living host cells. Necrotrophic fungal pathogens infect and kill host tissue and extract nutrients
from the dead host cells.

Significant fungal plant pathogens include:

o Fusarium spp. (causal agents of Fusarium wilt disease)

e Thielaviopsis spp. (causal agents of: canker rot, black root rot, Thielaviopsis root rot)
e Verticillium spp.

e Magnaporthe grisea (causal agent of blast of rice and gray leaf spot in turfgrasse
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e Nad redox. Provided by: Wikimedia. Located at: http://commons.wikimedia.org/wiki/File:Nad redox.png. License: Public

Domain: No Known Copyright

¢ Soybean-root-nodules. Provided by: Wikipedia. Located at: en.Wikipedia.org/wiki/File:Soybean-root-nodules.jpg. License:
Public Domain: No Known Copyright

o Ectomycorrhizae 001. Provided by: Wikimedia. Located at: commons.wikimedia.org/wiki/Fi...rhizae 001.jpg. License: CC
BY-SA: Attribution-ShareAlike

¢ OpenStax College, Nutritional Adaptations of Plants. October 17, 2013. Provided by: OpenStax CNX. Located at:
http://cnx.org/content/m44718/latest...e 31 03 03.jpg. License: CC BY: Attribution

o Provided by: Wikimedia. Located at: upload.wikimedia.org/wikipedi...ms tobacco.jpg. License: Public Domain: No

Known Copyright

o Nitrogen Cycle. Provided by: Wikipedia. Located at: en.Wikipedia.org/wiki/File:Nitrogen Cycle.svg. License: CC BY-SA:
Attribution-ShareAlike

o OpenStax College, Nutritional Adaptations of Plants. October 17, 2013. Provided by: OpenStax CNX. Located at:
http://cnx.org/content/m44718/latest...1 03 Olabc.png. License: CC BY: Attribution

¢ OpenStax College, Nutritional Adaptations of Plants. October 17, 2013. Provided by: OpenStax CNX. Located at:
http://cnx.org/content/m44718/latest...31 03 02ab.jpg. License: CC BY: Attribution

Key Points

o The majority of phytopathogenic fungi belong to the Ascomycetes and the Basidiomycetes.

e Many soil inhabiting fungi are capable of living saprotrophically, carrying out the part of their lifecycle in the soil.
¢ Bacterial plant pathogens are much more prevalent in sub-tropical and tropical regions of the world.

Key Terms

o Type three secretion system: Type three secretion system (often written Type III secretion system and abbreviated TTSS or
T3SS, also called Injectisome or Injectosome) is a protein appendage found in several Gram-negative bacteria. In pathogenic
bacteria, the needle-like structure is used as a sensory probe to detect the presence of eukaryotic organisms and secrete proteins
that help the bacteria infect them. The proteins are secreted directly from the bacterial cell into the eukaryotic cell, also known
as “the host” cell.

3.2F: Plant Pathogens is shared under a CC BY-SA 4.0 license and was authored, remixed, and/or curated by LibreTexts.
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3.2G: Nitrogen Fixation- Root and Bacteria Interactions

4} Learning Objectives

o Explain the process and importance of nitrogen fixation

Nitrogen Fixation: Root and Bacteria Interactions

Nitrogen is an important macronutrient because it is part of nucleic acids and proteins. Atmospheric nitrogen, which is the diatomic
molecule Ny or dinitrogen, is the largest pool of nitrogen in terrestrial ecosystems. However, plants cannot take advantage of this
nitrogen because they do not have the necessary enzymes to convert it into biologically useful forms. However, nitrogen can be
“fixed.” It can be converted to ammonia (NH3) through biological, physical, or chemical processes. Biological nitrogen fixation
(BNF), the conversion of atmospheric nitrogen (N;) into ammonia (NH3), is exclusively carried out by prokaryotes, such as soil
bacteria or cyanobacteria. Biological processes contribute 65 percent of the nitrogen used in agriculture.

The most important source of BNF is the symbiotic interaction between soil bacteria and legume plants, including many crops
important to humans. The NHj3 resulting from fixation can be transported into plant tissue and incorporated into amino acids, which
are then made into plant proteins. Some legume seeds, such as soybeans and peanuts, contain high levels of protein and are among
the most important agricultural sources of protein in the world.

~3 W

Atmospheric Nitrogen (N,)

Denitrif?
Bacteria

bacteria living in i _
legume root nodules : \ Nitrates(NO, )

Decomposers
(aerobic and anaerobic
bacteria and fungi)
® Nitrifying
Ammonification Nitrification bacteria

Ammonium
& )

Nitrogen-fixing
soil bacteria

Figure: Diagram of the Nitrogen Cycle: Schematic representation of the nitrogen cycle. Abiotic nitrogen fixation has been
omitted.

Nitrifying bacteria

Figure: Nitrogen fixation in crops: Some common edible legumes, such as (a) peanuts, (b) beans, and (c) chickpeas, are able to

interact symbiotically with soil bacteria that fix nitrogen.
Soil bacteria, collectively called rhizobia, symbiotically interact with legume roots to form specialized structures called nodules in
which nitrogen fixation takes place. This process entails the reduction of atmospheric nitrogen to ammonia by means of the enzyme
nitrogenase. Therefore, using rhizobia is a natural and environmentally-friendly way to fertilize plants as opposed to chemical
fertilization that uses a non-renewable resource, such as natural gas. Through symbiotic nitrogen fixation, the plant benefits from
using an endless source of nitrogen from the atmosphere. The process simultaneously contributes to soil fertility because the plant
root system leaves behind some of the biologically-available nitrogen. As in any symbiosis, both organisms benefit from the
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interaction: the plant obtains ammonia and bacteria obtain carbon compounds generated through photosynthesis, as well as a
protected niche in which to grow.

Rhizobia inside vesicles

Nitrogen-fixing n

Figure: Rhizobia: Soybean roots contain (a) nitrogen-fixing nodules. Cells within the nodules are infected with Bradyrhyzobium
japonicum, a rhizobia or “root-loving” bacterium. The bacteria are encased in (b) vesicles inside the cell, as can be seen in this
transmission electron micrograph.

Key Points

o Diatomic nitrogen is abundant in the atmosphere and soil, but plants are unable to use it because they do not have the necessary
enzyme, nitrogenase, to convert it into a form that they can use to make proteins.

o Soil bacteria, or rhizobia, are able to perform biological nitrogen fixation in which atmospheric nitrogen gas (N,) is converted
into the ammonia (NH3) that plants are able to use to synthesize proteins.

o Both the plants and the bacteria benefit from the process of nitrogen fixation; the plant obtains the nitrogen it needs to
synthesize proteins, while the bacteria obtain carbon from the plant and a secure environment to inhabit within the plant roots.

Key Terms

o rhizobia: any of various bacteria, of the genus Rhizobium, that form nodules on the roots of legumes and fix nitrogen

o nitrogen fixation: the conversion of atmospheric nitrogen into ammonia and organic derivatives, by natural means, especially
by microorganisms in the soil, into a form that can be assimilated by plants

o nodule: structures that occur on the roots of plants that associate with symbiotic nitrogen-fixing bacteria

3.2G: Nitrogen Fixation- Root and Bacteria Interactions is shared under a CC BY-SA 4.0 license and was authored, remixed, and/or curated by
LibreTexts.
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3.3: Aquatic Microbiology
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3.3A: Marine Habitats

4b Learning Objectives

e Describe marine habitats

The marine environment supplies many kinds of habitats that support life. Marine life partially depends on the saltwater that is in
the sea (“marine” comes from the Latin “mare,” meaning sea or ocean). A habitat is an ecological or environmental area inhabited
by one or more living species.

Figure: Marine Habitats: Coral reefs provide marine habitats for tube sponges, which in turn become marine habitats for fishes.

Marine habitats can be divided into coastal and open ocean habitats. Coastal habitats are found in the area that extends from as far
as the tide comes in on the shoreline, out to the edge of the continental shelf. Most marine life is found in coastal habitats, even
though the shelf area occupies only seven percent of the total ocean area. Open ocean habitats are found in the deep ocean beyond
the edge of the continental shelf.

Alternatively, marine habitats can be divided into pelagic and demersal habitats. Pelagic habitats are found near the surface or in
the open water column, away from the bottom of the ocean. Demersal habitats are near or on the bottom of the ocean. An organism
living in a pelagic habitat is said to be a pelagic organism, as in pelagic fish. Similarly, an organism living in a demersal habitat is
said to be a demersal organism, as in demersal fish. Pelagic habitats are intrinsically shifting and ephemeral, depending on what
ocean currents are doing.

Marine habitats can be modified by their inhabitants. Some marine organisms, like corals, kelp, mangroves and seagrasses, are
ecosystem engineers, which reshape the marine environment to the point where they create habitats for other organisms.

Marine habitats include coastal zones, intertidal zones, sandy shores, rocky shores, mudflats, swamps and salt marshes, estuaries,
kelp forests, seagrasses, and coral reefs. In addition, in the open ocean there are surface waters, deep sea and sea floor.

Intertidal zones (those areas close to shore) are constantly being exposed and covered by the ocean’s tides. A huge array of life lives
within this zone.

Sandy shores, also called beaches, are coastal shorelines where sand accumulates. Waves and currents shift the sand, continually
building and eroding the shoreline. Longshore currents flow parallel to the beaches, making waves break obliquely on the sand.
These currents transport large amounts of sand along coasts, forming spits, barrier islands and tombolos. Longshore currents also
commonly create offshore bars, which give beaches some stability by reducing erosion.

The relative solidity of rocky shores seems to give them a permanence compared to the shifting nature of sandy shores. This
apparent stability is not real over even quite short geological time scales, but it is real enough over the short life of an organism. In
contrast to sandy shores, plants and animals can anchor themselves to the rocks.

Mudflats are coastal wetlands that form when mud is deposited by tides or rivers. They are found in sheltered areas such as bays,
bayous, lagoons, and estuaries. Mudflats may be viewed geologically as exposed layers of bay mud, resulting from deposition of
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estuarine silts, clays and marine animal detritus. Most of the sediment within a mudflat is within the intertidal zone, and thus the
flat is submerged and exposed approximately twice daily.

Mangrove swamps and salt marshes form important coastal habitats in topical and temperate areas respectively. An estuary is a
partly enclosed coastal body of water with one or more rivers or streams flowing into it, and with a free connection to the open sea.

Kelp forests are underwater areas with a high density of kelp. They are recognized as one of the most productive and dynamic
ecosystems on Earth. Smaller areas of anchored kelp are called kelp beds. Kelp forests occur worldwide throughout temperate and
polar coastal oceans.

Seagrasses are flowering plants from one of four plant families which grow in marine environments. They are called seagrasses
because the leaves are long and narrow and are very often green, and because the plants often grow in large meadows, which look
like grassland.

Reefs comprise some of the densest and most diverse habitats in the world. The best-known types of reefs are tropical coral reefs,
which exist in most tropical waters; however, reefs can also exist in cold water. Reefs are built up by corals and other calcium-
depositing animals, usually on top of a rocky outcrop on the ocean floor. Reefs can also grow on other surfaces; this has made it
possible to create artificial reefs. Coral reefs also support a huge community of life, including the corals themselves, their symbiotic
zooxanthellae, tropical fish, and many other organisms.

Key Points

e Marine habitats can be divided into coastal and open ocean habitats.

¢ Coastal habitats are found in the area that extends from as far as the tide comes in on the shoreline out to the edge of the
continental shelf.

¢ Open ocean habitats are found in the deep ocean beyond the edge of the continental shelf.

e Most marine life is found in coastal habitats, even though the shelf area occupies only seven percent of the total ocean area.

Key Terms

o coastal: Relating to the coast; on or near the coast, as a coastal town, a coastal breeze.
« habitat: A specific place or natural conditions in which a plant or animal lives.

o marine: Of, or pertaining to, the sea (marine biology, marine insurance).

3.3A: Marine Habitats is shared under a CC BY-SA 4.0 license and was authored, remixed, and/or curated by LibreTexts.

e 16.3A: Marine Habitats is licensed CC BY-SA 4.0.
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3.3B: Planktonic Communities

4b Learning Objectives

¢ Recall Planktonic communities

Plankton (singular plankter) are any organisms that live in the water column and are incapable of swimming against a current. They
provide a crucial source of food to many large aquatic organisms, such as fish and whales.

These organisms include drifting animals, plants, archaea, algae, or bacteria that inhabit the pelagic zone of oceans, seas, or bodies
of fresh water. That is, plankton are defined by their ecological niche rather than phylogenetic or taxonomic classification.

Although many planktic (or planktonic) species are microscopic in size, plankton consists organisms covering a wide range of
sizes, including large organisms such as jellyfish.

Plankton are primarily divided into broad functional (or trophic level) groups: Phytoplankton, Zooplankton, and Bacterioplankton.

Figure: Diatoms: Assorted diatoms as seen through a microscope. These specimens were living between crystals of annual sea ice

in McMurdo Sound, Antarctica. Image digitized from original 35mm Ektachrome slide. These tiny phytoplankton are encased

within a silicate cell wall.
Phytoplankton (from Greek phyton, or plant), autotrophic, prokaryotic, or eukaryotic algae live near the water surface where there
is sufficient light to support photosynthesis. Among the more important groups are the diatoms, cyanobacteria, dinoflagellates, and
coccolithophores.

Zooplankton (from Greek zoon, or animal), small protozoans or metazoans (e.g. crustaceans and other animals) that feed on other
plankton and telonemia. Some of the eggs and larvae of larger animals, such as fish, crustaceans, and annelids, are included here.

Bacterioplankton, bacteria and archaea, which play an important role in remineralising organic material down the water column
(note that the prokaryotic phytoplankton are also bacterioplankton).

This scheme divides the plankton community into broad producer, consumer, and recycler groups. However, determining the
trophic level of some plankton is not straightforward. For example, although most dinoflagellates are either photosynthetic
producers or heterotrophic consumers, many species are mixotrophic depending upon circumstances.

Aside from representing the bottom few levels of a food chain that supports commercially important fisheries, plankton ecosystems
play a role in the biogeochemical cycles of many important chemical elements, including the ocean’s carbon cycle.

Primarily by grazing on phytoplankton, zooplankton provides carbon to the planktic foodweb, either respiring it to provide
metabolic energy, or upon death as biomass or detritus. Typically more dense than seawater, organic material tends to sink. In open
ocean ecosystems away from the coasts this transports carbon from surface waters to the deep. This process is known as the
biological pump, and is one reason that oceans constitute the largest carbon sink on earth.

It might be possible to increase the ocean’s uptake of carbon dioxide generated through human activities by increasing plankton
production through “seeding,” primarily with the micronutrient iron. However, this technique may not be practical at a large scale.
Ocean oxygen depletion and resultant methane production (caused by the excess production remineralizing at depth) is one
potential drawback.

The growth of phytoplankton populations is dependent on light levels and nutrient availability. The main factor limiting growth
varies from region to region in the world’s oceans. On a broad scale, growth of phytoplankton in the oligotrophic tropical and
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subtropical gyres is generally limited by nutrient supply, while light often limits phytoplankton growth in subarctic gyres.
Environmental variability at multiple scales influences the nutrient and light available for phytoplankton. As these organisms form
the base of the marine food web, this variability in phytoplankton growth influences higher trophic levels. For example, at
interannual scales phytoplankton levels temporarily plummet during El Nino periods, influencing populations of zooplankton,
fishes, sea birds, and marine mammals.

The effects of anthropogenic warming on the global population of phytoplankton are an area of active research. Changes in the
vertical stratification of the water column, the rate of temperature-dependent biological reactions, and the atmospheric supply of
nutrients are expected to have important impacts on future phytoplankton productivity. Additionally, changes in the mortality of
phytoplankton due to rates of zooplankton grazing may be significant.

Freshly hatched fish larvae are also plankton for a few days as long as they cannot swim against currents. Zooplankton are the
initial prey item for almost all fish larvae as they switch from their yolk sacs to external feeding. Fish rely on the density and
distribution of zooplankton to match that of new larvae, which can otherwise starve. Natural factors (e.g., current variations) and
man-made factors (e.g. river dams) can strongly affect zooplankton, which can in turn strongly affect larval survival and therefore
breeding success.

Key Points

¢ Plankton are primarily divided into broad functional (or trophic level) groups: Phytoplankton, Zooplankton, and
Bacterioplankton.

o Plankton cover a wide range of sizes, including microscopic to large organisms such as jellyfish.

e Plankton community into broad producer, consumer, and recycler groups.

Key Terms

o trophic: Describing the relationships between the feeding habits of organisms in a food chain.

o plankton: Plankton (singular plankter) are any organisms that live in the water column and are incapable of swimming against
a current. They provide a crucial source of food to many large aquatic organisms, such as fish and whales.

e organisms: An organism is any contiguous living system (such as animal, fungus, micro-organism, or plant). In at least some
form, all types of organisms are capable of response to stimuli, reproduction, growth and development, and maintenance of
homeostasis as a stable whole.

3.3B: Planktonic Communities is shared under a CC BY-SA 4.0 license and was authored, remixed, and/or curated by LibreTexts.
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3.3C: Planktonic Food Webs

4b Learning Objectives

o Differentiate planktonic food webs

Plankton communities are divided into broad categories of producer, consumer and recycler groups. However, determining the
trophic level of some plankton is not straightforward. For example, although most dinoflagellates are either photosynthetic
producers or heterotrophic consumers, many species are mixotrophic, depending upon circumstances.

Figure: Photomontage of plankton organisms: Plankton are any water-column organisms that are incapable of swimming against

a current.
Aside from representing the bottom few levels of a food chain that supports commercially important fisheries, plankton ecosystems
play a role in the biogeochemical cycles of many important chemical elements, including the ocean’s carbon cycle.

Primarily by grazing on phytoplankton, zooplankton provide carbon to the planktic foodweb, either respiring it to provide
metabolic energy, or upon death as biomass or detritus. Typically more dense than seawater, organic material tends to sink. In open-
ocean ecosystems away from the coasts this transports carbon from surface waters to the deep. This process is known as the
biological pump, and is one reason that oceans constitute the largest carbon sink on Earth.

It might be possible to increase the ocean’s uptake of carbon dioxide generated through human activities by increasing plankton
production through “seeding”, primarily with the micronutrient iron. However, this technique may not be practical on a large scale.
Ocean oxygen depletion and resultant methane production (caused by the excess production of remineralising at depth) is one
potential drawback.

The growth of phytoplankton populations is dependent on light levels and nutrient availability. The chief factor limiting growth
varies from region to region in the world’s oceans. On a broad scale, growth of phytoplankton in the oligotrophic tropical and
subtropical gyres is generally limited by nutrient supply, while light often limits phytoplankton growth in subarctic gyres.
Environmental variability at multiple scales influences the nutrient and light available for phytoplankton. As these organisms form
the base of the marine food web, this variability in phytoplankton growth influences higher trophic levels. For example, at
interannual scales phytoplankton levels temporarily plummet during El Nino periods, influencing populations of zooplankton, fish,
sea birds, and marine mammals.

The effects of anthropogenic warming on the global population of phytoplankton is an area of active research. Changes in the
vertical stratification of the water column, the rate of temperature-dependent biological reactions, and the atmospheric supply of
nutrients are expected to have important impacts on future phytoplankton productivity. Additionally, changes in the mortality of
phytoplankton due to rates of zooplankton grazing may be significant.

Freshly-hatched fish larvae are also plankton for a few days as long as they cannot swim against currents. Zooplankton are the
initial prey item for almost all fish larvae as they switch from their yolk sacs to external feeding. Fish rely on the density and
distribution of zooplankton to match that of new larvae, which can otherwise starve. Natural factors (e.g., current variations) and
man-made factors (e.g. river dams) can strongly affect zooplankton, which can in turn strongly affect larval survival, and therefore
breeding success.
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Key Points

¢ Plankton communities represent the bottom few levels of a food chain that supports commercially important fisheries.
o Plankton ecosystems also play a crucial role in the biogeochemical cycles of many important chemical elements, including the
ocean’s carbon cycle.

o The growth of phytoplankton populations is dependent on light levels and nutrient availability.

Key Terms

o plankton: Plankton (singular plankter) are any organisms that live in the water column and are incapable of swimming against
a current. They provide a crucial source of food to many large aquatic organisms, such as fish and whales.

o ecosystems: Communities of living organisms (plants, animals and microbes) in conjunction with the nonliving components of
their environment (things like air, water, and mineral soil), interacting as a system; linked together through nutrient cycles and
energy flows.

o biogeochemical cycles: A biogeochemical cycle or substance turnover or cycling of substances is a pathway by which a
chemical element or molecule moves through both biotic (biosphere) and abiotic (lithosphere, atmosphere, and hydrosphere)
compartments of Earth. A cycle is a series of change which comes back to the starting point and which can be repeated.

3.3C: Planktonic Food Webs is shared under a CC BY-SA 4.0 license and was authored, remixed, and/or curated by LibreTexts.

¢ 16.3C: Planktonic Food Webs is licensed CC BY-SA 4.0.

https://bio.libretexts.org/@go/page/105549


https://libretexts.org/
https://creativecommons.org/licenses/by-sa/4.0/
https://bio.libretexts.org/@go/page/105549?pdf
https://bio.libretexts.org/Courses/Universiti_Putra_Malaysia/ESC4103_-_Environmental_Microbiology_(Universiti_Putra_Malaysia)/03%3A_Microbial_Ecology/3.03%3A_Aquatic_Microbiology/3.3C%3A_Planktonic_Food_Webs
https://creativecommons.org/licenses/by-sa/4.0
https://bio.libretexts.org/@go/page/12380
https://creativecommons.org/licenses/by-sa/4.0/

LibreTexts"

3.3D: Ocean Floor

4b Learning Objectives

o Explain the importance of microbes and hydrothermal vents to underwater ecosystems

Microorganisms, by their omnipresence, impact the entire biosphere. Microbial life plays a primary role in regulating
biogeochemical systems in virtually all of our planet ‘s environments, including some of the most extreme, from frozen
environments and acidic lakes, to hydrothermal vents at the bottom of deepest oceans, and some of the most familiar, such as the
human small intestine.

Microbes, especially bacteria, often engage in symbiotic relationships (either positive or negative) with other organisms, and these
relationships affect the ecosystem. One example of these fundamental symbioses are chloroplasts, which allow eukaryotes to
conduct photosynthesis. Chloroplasts are considered to be endosymbiotic cyanobacteria, a group of bacteria that are thought to be
the origins of aerobic photosynthesis.

They are the backbone of all ecosystems, but even more so in the zones where light cannot approach and therefore photosynthesis
cannot be the basic means to collect energy. In such zones, chemosynthetic microbes provide energy and carbon to the other
organisms. Other microbes are decomposers, with the ability to recycle nutrients from other organisms’ waste poducts. These
microbes play a vital role in biogeochemical cycles. The nitrogen cycle, the phosphorus cycle and the carbon cycle all depend on
microorganisms in one way or another. For example, nitrogen which makes up 78% of the planet’s atmosphere is “indigestible” for
most organisms, and the flow of nitrogen into the biosphere depends on a microbial process called fixation.

Recently there has been the discovery of abundant marine life in the deep sea, especially around hydrothermal vents. Large deep
sea communities of marine life have been discovered around black and white smokers — hydrothermal vents emitting typical
chemicals toxic to humans and most of the vertebrates. This marine life receives its energy from both the extreme temperature
difference (typically a drop of 150 degrees) and from chemosynthesis by bacteria.

Brine pools are another seabed feature, usually connected to cold seeps. Hydrothermal vents along the mid-ocean ridge spreading
centers act as oases, as do their opposites, cold seeps. Such places support unique biomes and many new microbes and other
lifeforms have been discovered at these locations. The deepest recorded oceanic trench measured to date is the Mariana Trench,
near the Philippines, in the Pacific Ocean at 10,924 m (35,838 ft). At such depths, water pressure is extreme. There is no sunlight,
but some life still exists. A white flatfish, a shrimp, and a jellyfish were seen by the American crew of the bathyscaphe Trieste when
it dove to the bottom in 1960. Marine life also flourishes around seamounts that rise from the depths, where fish and other sea life
congregate to spawn and feed.

Figure: Zooarium chimney provides a habitat for vent biota.
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Figure: Oceanic ridge with deep sea vent: Oceanic ridge with deep sea vent.

Key Points

o Recently, there has been the discovery of abundant marine life in the deep sea, especially around hydrothermal vents.
e Hydrothermal vents along the mid-ocean ridge spreading centers act as oases and support unique biomes and many new
microbes.

o Each area of the seabed has typical features such as common soil composition, typical topography, salinity of water layers
above it, marine life, magnetic direction of rocks, and sedimenting.

Key Terms

o plankton: Plankton (singular plankter) are any organisms that live in the water column and are incapable of swimming against
a current. They provide a crucial source of food to many large aquatic organisms, such as fish and whales.

o ecosystems: Communities of living organisms (plants, animals and microbes) in conjunction with the nonliving components of
their environment (things like air, water, and mineral soil), interacting as a system; linked together through nutrient cycles and
energy flows.

o biogeochemical cycles: A biogeochemical cycle or substance turnover or cycling of substances is a pathway by which a
chemical element or molecule moves through both biotic (biosphere) and abiotic (lithosphere, atmosphere, and hydrosphere)
compartments of Earth. A cycle is a series of change which comes back to the starting point and which can be repeated.

3.3D: Ocean Floor is shared under a CC BY-SA 4.0 license and was authored, remixed, and/or curated by LibreTexts.

e 16.3D: Ocean Floor is licensed CC BY-SA 4.0.
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3.3E: Cold-Seep Ecosystems

4b Learning Objectives

e Outline the organisms that live in cold-seep ecosystems

A cold seep (sometimes called a cold vent) is an area of the ocean floor where hydrogen sulfide, methane, and other hydrocarbon-
rich fluid seepage occurs, often in the form of a brine pool. “Cold” does not mean temperature of seepage is lower than surrounding
sea water. Actually, its temperature is often slightly higher. Cold seeps constitute a biome supporting several endemic species.

Cold seeps develop unique topography over time, where reactions between methane and seawater create carbonate rock formations
and reefs. These reactions may also be dependent on bacterial activity. Ikaite, a hydrous calcium carbonate, can be associated with
oxidizing methane at cold seeps.

Types of cold seeps can be distinguished according to the depth, as shallow cold seeps and deep cold seeps. Cold seeps can also be
distinguished in detail, as follows: oil/gas seeps, gas seeps, methane seeps, gas hydrate seeps, brine seeps, are forming brine pools,
pockmarks and mud volcanos.

Organisms living in cold seeps are known as extremophiles. Biological research in cold seeps and hydrothermal vents has been
mostly focused on the microbiology and the prominent chemosynthetic macro-invertebrates. Much less research has been done on
the smaller benthic fraction at the size of the meiofauna (<1 mm).

Community composition’s orderly shift from one set of species to another is called ecological succession. The first type of
organism to take advantage of this deep-sea energy source is bacteria. Aggregating into bacterial mats at cold seeps, these bacteria
metabolize methane and hydrogen sulfide (another gas that emerges from seeps) for energy. This process of obtaining energy from
chemicals is known as chemosynthesis.

Figure: A Beggiatoa bacterial mat at the Blake Ridge: Beggiatoa spp. bacterial mat at a seep on Blake Ridge, off the coast of

South Carolina. The red dots are range-finding laser beams. Beggiatoa are able to detoxify hydrogen sulfide in soil.
During this initial stage, when methane is relatively abundant, dense mussel beds also form near the cold seep. Mostly composed of
species in the genus Bathymodiolus, these mussels do not directly consume food. Instead, they are nourished by symbiotic bacteria
that also produce energy from methane, similar to their relatives that form mats. Chemosynthetic bivalves are prominent
constituents of the fauna of cold seeps and are represented in that setting by five families: Solemyidae, Lucinidae, Vesicomyidae,
Thyasiridae, and Mytilidae.

This microbial activity produces calcium carbonate (CaCO3), which is deposited on the seafloor and forms a layer of rock. During
a period lasting up to several decades, these rock formations attract siboglinid tubeworms, which settle and grow along with the
mussels. Like the mussels, tubeworms rely on chemosynthetic bacteria (in this case, a type that needs hydrogen sulfide instead of
methane) for survival. True to any symbiotic relationship, a tubeworm also provides for their bacteria by appropriating hydrogen
sulfide from the environment. The sulfide not only comes from the water, but is also mined from the sediment through an extensive
“root” system a tubeworm “bush” establishes in the hard, carbonate substrate. A tubeworm bush can contai