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Chapter 1 Microbes in the Marine
Environment

Marine microbiology is one of the most exciting
and important areas of modern science

Marine microbiology encompasses all microscopic

organisms and viruses

Marine microbes are found in all three domains
of cellular life

Horizontal gene transfer confounds our
understanding of evolution
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Viruses are noncellular entities with great importance

in marine ecosystems
Microbial processes shape the living world
Marine microbes show great variation in size

The world’s oceans and seas form an
interconnected water system

The upper surface of the ocean is in constant
motion owing to winds

Deep-water circulation systems transport water
between the ocean basins

Seawater is a complex mixture of inorganic and
organic compounds

Light and temperature have important effects
on microbial processes

Marine microbes form a major component of
the plankton

Microbes, particles, and dissolved nutrients are
not evenly distributed in seawater

Microbes play a key role in the formation of
sediments

Microbes colonize surfaces through formation
of biofilms

Microbes in sea ice form an important part
of the food chain in polar regions

Microbial activity at hydrothermal vents
provides an oasis of life in the deep sea

Cold seeps also support diverse life

Living organisms are the habitats of many
microbes
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Chapter 2 Methods in Marine
Microbiology

SAMPLING, GENERAL EXPERIMENTAL
PROCEDURES, AND REMOTE SENSING

The aim of microbial ecology is the study
of the diversity and activities of microbes
in situ

Measurement of specific cell constituents may
be used as biomarkers of microbial activity

Remote sensing and sampling permits analysis
of microbial activities

Microbiological sampling requires special
techniques

Mecocosm experiments attempt to simulate
natural conditions

Microelectrodes and biosensors are used to
measure environmental changes

Isotopes are used to study microbial
transformations of compounds

DIRECT OBSERVATION AND ENUMERATION
OF MICROBES

Light and electron microscopy are used to
study morphology and structure of microbes

Epifluorescence light microscopy enables
enumeration of marine microbes

Confocal laser scanning microscopy enables
recognition of living microbes within their
habitat

Flow cytometry measures the number and size
of particles

CULTURE-BASED METHODS FOR ISOLATION
AND IDENTIFICATION OF MICROBES

Different microbes require specific culture
media and conditions for growth

Enrichment culture selects for microbes with
specific growth requirements

Phenotypic testing is used for identification
and detailed characterization of many
cultured bacteria

Analysis of microbial components can be
used for bacterial classification and
identification
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NUCLEIC-ACID-BASED METHODS

The use of nucleic-acid based methods has had
a major impact on the study of marine
microbial diversity

Sequencing of ribosomal RNA genes is the most
widely used tool in studies of microbial
diversity

The first step in all nucleic acid investigations
involves the isolation of genomic DNA or RNA
from the culture or community

The polymerase chain reaction (PCR)

Genomic fingerprinting is used for detailed
analysis of cultured microbes

Determination of GC ratios and DNA-DNA
hybridization is used in bacterial taxonomy

DNA sequencing is a major tool in marine
microbiology

“Next-generation” technologies allow inexpensive
high-throughput sequencing

Sequence data are used for phylogenetic analysis

Denaturing gradient gel electrophoresis (DGGE)
and terminal restriction fragment length
polymorphism (TRFLP) are widely used to
assess composition of microbial communities

Elucidating the full genome sequence of
microbes has provided major insights into
their functional roles

Metagenomics is revolutionizing our
understanding of marine microbial ecology

Fluorescent hybridization (FISH) allows
visualization and quantification of specific
microbes

Metatranscriptomics and metaproteomics
reveal metabolic activities in the environment

Microarrays enable assessment of gene activity
in the environment
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Chapter 3 Metabolic Diversity
and Ecophysiology

All cells need to obtain energy and conserve it
in the compound ATP

All cells need carbon as the major component
of cellular material

Phototrophy involves conversion of light energy
to chemical energy

Oxygenic photosynthesis involves two distinct
but coupled photosystems
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Anaerobic anoxygenic photosynthesis uses
only one type of reaction center

Aerobic anoxygenic phototrophy is widespread
in planktonic bacteria

Some phototrophs use rhodopsins as
light-harvesting pigments

Chemolithotrophs use inorganic electron donors
as a source of energy and reducing power

Thiotrophic bacteria use sulfur compounds as
electron donor

Many chemolithotrophs use hydrogen as an
electron donor

Nitrification by Bacteria and Archaea is a major
process in the marine nitrogen cycle

The Calvin-Benson cycle is the main method of
carbon dioxide fixation in autotrophs

Some Archaea and Bacteria use alternative
pathways to fix CO,

Fixation of nitrogen makes this essential element
available for building cellular material in all life

Many marine microbes obtain energy by the
fermentation of organic compounds

Aerobic and anaerobic respiration use external
electron acceptors

Reduction of nitrate and denitrification result
in release of nitrogen and other gases

Sulfate reduction is a major process in marine
sediments

Methanogenesis is a special type of metabolism
carried out only by a group of Archaea

Aerobic catabolism of methane and other C;
compounds is widespread in coastal and
oceanic habitats

Use of complex macromolecules requires the
synthesis of extracellular enzymes

Acquisition of iron is a major challenge for
marine microbes

The growth of bacterial cells depends on
availability of nutrients and environmental
factors

Bacteria adapt to starvation by a series of
coordinated changes to cell metabolism

Most marine microbes are adapted to an
oligotrophic lifestyle and grow very slowly

Some bacteria enter a “viable but nonculturable”
state in the environment

Nutrients are acquired via specialized transport
mechanisms

Growth efficiency of many marine bacteria is
probably low
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Microbes use a variety of mechanisms to regulate
cellular activities

Some bacteria use motility in the quest for
nutrients and optimal conditions

Formation of biofilms is an important step in
microbial colonization of surfaces

Pili are important for bacterial attachment to
surfaces and exchange of genetic information

Antagonistic interactions between microbes
occur on particles or surfaces

Quorum sensing is an intercellular
communication system for regulation of
gene expression

Most marine microbes grow at low
temperatures

Microbes growing in hydrothermal systems are
adapted to very high temperatures

Microbes that inhabit the deep ocean must
withstand a very high hydrostatic pressure

Microbes vary in their requirements for oxygen
or tolerance of its presence

Ultraviolet irradiation has lethal and mutagenic
effects

Microbes are protected from osmotic damage
by various mechanisms
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Chapter 4 Marine Bacteria

OVERVIEW OF DIVERSITY OF THE BACTERIA

The domain Bacteria contains about 80 phyla,
many of which have no cultivated members

There is no generally accepted concept for the
definition of bacterial species

Bacteria show a variety of cell forms and
structure

The cell wall is an important feature of bacterial
cells

Many Bacteria produce a glycocalyx or capsule

Phylogenetic studies of planktonic Bacteria
reveal a small number of major clades

MAJOR TYPES OF MARINE BACTERIA,

GROUPED BY PHENOTYPE

Several groups of bacteria carry out anoxygenic
photosynthesis

Nitrifying bacteria grow chemolithotrophically
using reduced inorganic nitrogen compounds
as electron donors
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A wide range of Proteobacteria can grow
chemolithotrophically using reduced sulfur
compounds

Aerobic methanotrophs and methylotrophs
are widespread in coastal and oceanic
habitats

The pseudomonads are a heterogeneous group
of chemoorganotrophic, aerobic, rod-shaped
Proteobacteria

Free-living aerobic nitrogen-fixing bacteria are
important in sediments

The Enterobacteriaceae is a large and well-
defined family of Gammaproteobacteria

Vibrio and related genera have worldwide
distribution in coastal and ocean water and
sediments

Some members of the Vibrionaceae are
bioluminescent

The Oceanospiralles are characterized by their
ability to break down complex organic
compounds

Magnetotactic bacteria orient themselves in
the Earth's magnetic field

Bdellovibrio is a predator of other bacteria

Budding and stalked Proteobacteria show
asymmetric cell division

Sulfur- and sulfate-reducing bacteria have a
major role in the sulfur cycle

The Cyanobacteria carry out oxygenic
photosynthesis

Many marine Cyanobacteria carry out nitrogen
fixation

The genera Prochlorococcus and Synechococcus
dominate the picoplankton in large areas of
the Earth's oceans

Cyanobacteria are important in the formation
of microbial mats in shallow water

The Firmicutes are a major branch of Gram-
positive Bacteria

Epulopiscium fishelsoni and related species
are giant bacteria with a unique “viviparous”
lifestyle

The Actinobacteria is a large phylum including
the mycobacteria and actinomycetes

The Cytophaga—Flavobacterium—Bacteroides
group is morphologically and metabolically
diverse

The Planctomycetes are a group with cells that
show some similarities to eukaryotes

Verrucomicrobia is a poorly characterized
phylum of Bacteria
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The spirochetes are Gram-negative, tightly
coiled, flexuous bacteria distinguished by
very active motility

Aquifex and Thermotoga are hyperthermophiles
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Chapter 5 Marine Archaea
Several aspects of cell structure and function
distinguish the Archaea from the Bacteria

The Euryarcheaota and Crenarchaeota form
the major branches of the Archaea

Many members of the Euryarchaeota produce
methane

Archaea in deep sediments can carry out
anaerobic oxidation of methane coupled to
sulfate reduction

Thermococcus and Pyrococcus are
hyperthermophiles found at hydrothermal
vents

Archaeoglobus and Ferroglobus are
hyperthermophilic sulfate-reducers and
iron-oxidizers

Some Euryarchaeota exist in hypersaline
environments

Nanoarchaeum is an obligate parasite of
another archaeon, Igniococcus

The Crenarchaeota include hyperthermophiles
and psychrophiles

Hyperthermophilic Crenarchaeota belong to
the order Desulfurococcales

The psychrophilic marine Crenarchaeota are
major members of the plankton
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Chapter 6 Marine Eukaryotic
Microbes

The term “protist” is used to describe an
extremely diverse collection of unicellular
eukaryotic microbes

Systems for the classification of eukaryotic
microbes are still developing

Many protists possess flagella

The euglenids may be phototrophic,
heterotrophic, or mixotrophic

The bicosoecids are a group of highly active
bacterivorous flagellates
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The choanoflagellates have a unique feeding
mechanism

Dinoflagellates have critical roles in marine
systems

Dinoflagellates undertake diurnal vertical
migration

Some dinoflagellates exhibit bioluminescence

The ciliates are voracious grazers of other
protists and bacteria

The haptophytes (prymnesiophytes) are major
components of ocean phytoplankton

Diatoms are extremely diverse and abundant
primary producers in the oceans

Diatoms and their products—past and
present—have many applications

Protists in the picoplankton size range are
extremely widespread and diverse

Raphidophytes are stramenopiles which may
cause harmful blooms

Thraustochytrids and labyrinthulids play an
important role in breakdown and absorption
of organic matter

Amoebozoa may be important grazers of
bacteria associated with particles

Radiolarians and foraminifera have highly
diverse morphologies with mineral shells

Marine fungi are especially important in
decomposition of complex materials in
coastal habitats
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Chapter 7 Marine Viruses
Viruses are extremely diverse in structure
and genetic composition

Viruses are the most abundant biological
entities in seawater

Phages are viruses that infect bacterial and
archaeal cells

The life cycle of phages shows a number of
distinct stages

Lysogeny occurs when the phage genome is
integrated into the host genome

Large DNA viruses are important pathogens
of planktonic protists

Photosynthetic protists are also infected by
RNA viruses
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Loss of infectivity of viruses arises from
irreparable damage to the nucleic acid
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