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PREFACE

The third edition of Instant Notes in Microbiology has once again seen a complete
rewrite of many chapters. Those on general microbiology, bacteriology and the
relevant molecular biology have been completely revised and now have a more
molecular focus. The chapter on bacterial infections has been also been revised.
The chapters on fungi and protists have been updated and a new section on par-
asitic protists has been added. The chapter dealing with the viruses retains its
structure, but has been revised.

In this book, the authors have chosen to use the word Bacteria to mean those
members of the Kingdom Bacteria, and not in its older usage to denote non-
eukaryotic microbes. For this we have used “prokaryotes” to include both the
Bacteria and the Archaea. While not all taxonomists will be happy with these
definitions, the terms have been used consistently throughout the book and
reflect current thinking within microbiology — though no doubt this will have
changed by the publication of the fourth edition.

The authors would like to thank the Department of Earth Sciences, University
of Oxford and ABgene Ltd., Epsom, Surrey for help in the preparation of this
book. However, we would also like to thank our families for their continuing
support, as well as to colleagues and the reviewers of the second edition, who
all gave us valuable feedback.
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Section A - The microbial world

A1 THE MICROBIAL WORLD

Key Note

Microorganisms are found in all three major kingdoms of life: the
Bacteria, the Archaea and the Eukarya. The presence of a nucleus
defines the eukaryotes, while both the Bacteria and Archaea can be
defined as prokaryotes. Apart from the nucleus, there are many
physiological and biochemical properties distinguishing the prokaryotes
from the eukaryotes.

What are Microbes are a diverse group of organisms that can be divided into the viruses,

microbes? unicellular groups (Archaea, Eubacteria, protista, some fungi and some chloro-
phyta) and a small number of organisms with a simple multicellular structure
(the larger fungi and chlorophyta). These larger microorganisms are characteri-
zed by having a filamentous, sheet like or parenchymous thallus that does not
display true tissue differentiation. Most microbes cannot be seen without the aid
of a microscope.

Microbiology Microbiology is defined as the study of microorganisms. The discipline now
includes their molecular biology and functional ecology as well as the traditional
studies of structure and physiology. The discipline began in the late 17th century
with Leeuwenhoek’s discovery of bacteria using simple microscopy of mixed
natural cultures. Through the 1850s and 60s, Louis Pasteur’s simple experiments
using sterilized beef broth finally refuted the long-held theory of spontaneous
generation as an origin for microbes, and microbiology moved into mainstream
science.

The early days were characterized by studying environments like soil and
sediments, natural fermentations and infections, and it was not until Robert Koch
developed techniques for pure culture in the late 19th century that the science
moved to a reductionist phase, where microbes were isolated and characterized
in the laboratory.

Through the 20th century microbiologists focused on the discovery and char-
acterization of many different microorganisms, including a new kingdom of
microorganisms the Archaea, new eubacterial pathogens including Legionella
and MRSA (methicillin resistant Staphylococcus aureus), and the complex of
pathogens associated with HIV (human immune deficiency virus) including the
fungal pathogen Pneumocystis. The discovery of the unique communities found
in extreme environments with their temperature tolerant DNA (deoxyribonucleic
acid) polymerase enzymes has further opened up the new field of molecular
biology.

The rapid advances of techniques in molecular biology have allowed microbi-
ology to return to the natural environments. Techniques, such as DGGE (denaturing
gradient gel electrophoresis) and SCCP (single stranded conformation polymor-
phism) DNA chips and in situ hybridization now give us the tools to study microbial
community ecology at the molecular level. Microbiology has returned to its roots!



Section A - The microbial worid

Bacteria,
Archaea and
Eukaryotes

Summary
of subjects
covered in
this volume

Bacteria Archaea Eukarya

‘The first cell’
Fig. 1. The three cell lineages evolved from a common ancestor.

The microbial world has three main cell lineages within it, all of which are
thought to have evolved from a single progenitor (Fig. 1). The lineages are
formally known as domains and were established from the DNA sequence of
genes common to all organisms (see Section B3). The three domains are the
Bacteria (previously called the Eubacteria), the Archaea (previously called the
Archaeabacteria) and the Eukarya. The defining property of the Eukarya
compared to the Archaea and Bacteria is the presence of a nucleus. It is frequently
convenient to group the annucleate lineages (the Bacteria and Archaea) together as
the prokaryotes. The prokaryotes are, with a very few exceptions (see Section C6),
all microorganisms, but the Eukarya include not only microbial fungi, chloro-
phyta and protists (see Section I) but also the macroorganisms such as higher
plants and animals.

Prokaryotic cell structure is characterized by the absence of a nucleus, but it
also lacks energy-generating organelles such as mitochondria and chloroplasts.
Instead, prokaryotes generate energy by cytoplasmic substrate-level phosphoryla-
tion and oxidative phosphorylation across their cell membranes (see Section E3).
Apart from these major differences, there are a multitude of distinctive biochem-
ical and physiological properties, the most important of which are listed in Table .
The differences that exist between the Bacteria and the Archaea (see Section C6)
are discussed elsewhere in more detail.

Systematics

Bacterial systematics allows the microbiologist to name, classify, and identify
Bacteria and Archaea in a rational way. The importance of molecular biology to
microbiology is emphasized by the prominence of 16S rRNA (ribosomal ribonu-
cleic acid) sequencing in microbial phylogeny.

General microbiology

Microbiology as a science has a long and varied history, but we are only just
beginning to appreciate the full ecological, biochemical, and genetic diversity of
microbes. Sophisticated methods have been developed to measure the growth of
many of these microbes in the laboratory. Qur understanding of microorganisms
has improved so that we can now appreciate the fine structure of the prokaryotic
cell, rather than just considering it as a bag of enzymes. The understanding of
microbial cell division and movement has also led to important breakthroughs in
eukaryotic biology. Although the microbiology of human disease is well studied,
we are beginning to find that microbes play an essential global role in the biogeo-
chemical cycling of the elements.

Microbial growth
The way in which most prokaryotic cultures divide in batch and continuous
culture can be modelled mathematically to reveal the limitations imposed by



