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Dormancy and Low-Growth States in Microbial Disease

Organisms multiply only when the conditions are beneficial, and when not
multiplying, they concentrate on survival of environmental stress. Many bac-
teria that harm humans survive for most of the period of infection in a low-
growth state. This book addresses the basic scientific aspects of microbial
dormancy and low-growth states, and places them in the context of human
medicine. The book introduces basic scientific aspects of bacterial growth,
non-growth, culturability, and viability. Later chapters cover the crucial rela-
tionship between low-growth states and survival of stress, the survival of the
immune response, and interbacterial signalling. This is followed by chapters
on aspects that are of direct importance to medicine, namely antibiotic re-
sistance arising in stationary phase, biofilms, tuberculosis, and the bacteria,
which cause gastric ulcers.

ANTHONY R. M. COATES is currently Professor of Medical Microbiology and
Chairman of the Department of Medical Microbiology at St. George’s Hos-
pital Medical School, London. His research background is in the molecular
pathogenesis of infection with a particular interest in tuberculosis.
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Over the past decade, the rapid development of an array of techniques in
the fields of cellular and molecular biology has transformed whole areas of
research across the biological sciences. Microbiology has perhaps been influ-
enced most of all. Our understanding of microbial diversity and evolution-
ary biology, and of how pathogenic bacteria and viruses interact with their
animal and plant hosts at the molecular level, for example, has been revolu-
tionized. Perhaps the most exciting recent advance in microbiology has been
the development of the interface discipline of cellular microbiology, a fusion
of classic microbiology, microbial molecular biology, and eukaryotic cellular
and molecular biology. Cellular microbiology is revealing how pathogenic
bacteria interact with host cells in what is turning out to be a complex evolu-
tionary battle of competing gene products. Molecular and cellular biology are
no longer discrete subject areas but vital tools and integrated parts of current
microbiological research. As part of this revolution in molecular biology, the
genomes of a growing number of pathogenic and model bacteria have been
fully sequenced, with immense implications for our future understanding of
micro-organisms at the molecular level.

Advances in Molecular and Cellular Microbiology is a series edited by re-
searchers active in these exciting and rapidly expanding fields. Each volume
will focus on a particular aspect of cellular or molecular microbiology, and
will provide an overview of the area, as well as examining current research.
This series will enable graduate students and researchers to keep up with the
rapidly diversifying literature in current microbiological research.
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Preface

All cellular life forms can exist in multiplying, non-multiplying, and slowly
multiplying states. In the case of bacteria, slowing of growth is associated
with tolerance to a wide range of stresses, such as heat, cold, and antibiotics.
This makes sense because organisms multiply only when the conditions are
beneficial, and when not multiplying, the organism concentrates on survival
in the face of environmental threats.

Many different species of microorganisms live in or on humans. Most
are harmless or even beneficial. A few are pathogens. Persistence in a slowly
multiplying or non-multiplying form is very common. In some situations,
slow multiplication is the dominant phase for bacteria. This book addresses
the basic scientific aspects of microbial dormancy and low-growth states and
places them in the context of human medicine. An introduction to aspects of
growth, non-growth, culturability, and viability is provided in Chapter 1. In
the next chapter, the crucial relationship of low-growth states with survival
of stress is discussed, with detail on the molecular mechanisms which are
involved in the stress response. Chapter 3 sets the scenario for survival of the
immune response, and many examples are provided of low-growth states
that are associated with different survival mechanisms in animals and in hu-
mans. The next two chapters deal with interbacterial signalling in dormancy
and mutations in stationary phase, respectively. These are two relatively new
areas of study, which are becoming increasingly important. Chapter 6 de-
scribes biofilms and their relationship to dormancy and antibiotic resistance.
Biofilms are most important in medicine, because many bacterial infections
persist as biofilms on, for example, indwelling catheters. Unfortunately, such
infections are difficult to eradicate because organisms within the biofilm are
tolerant to antibiotics. In the Chapter 7, tuberculosis is discussed. Of all the
bacterial infections, this is the classic persistence type, surviving the immune
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system for decades and requiring six months of chemotherapy due to sub-
populations of antibiotic-tolerant bacteria. A similar situation is discussed
in Chapter 8, namely gastric ulcers, which are caused by a bacterium which
persists in the stomach for years. The final two chapters are on dormancy
in eukaryotes. The reason for including these is to show that all cellular life
forms have low-growth states which are stress resistant when compared to
the multiplying phase. Low growth in yeast is dealt with in Chapter 9, and
dormancy in plants in Chapter 10.

Anthony R. M. Coates
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CHAPTER 1

Physiological and molecular aspects of
growth, non-growth, culturability
and viability in bacteria

M. R. Barer

INTRODUCTION

Infection requires growth of pathogens in host tissues or on host ep-
ithelia. Cessation of growth is generally correlated with control of infection.
Clinically latent infections may reflect microbial growth balanced by host
control mechanisms such that the interaction remains below the threshold
of detection. Alternatively, the pathogen may have genuinely ceased growth
and survive in some form of stasis. In most cases we cannot distinguish
between these possibilities. However, there have been important recent ad-
vances in our understanding of bacterial populations in which net growth
cannot be detected and in recognising the limitations of in vitro culture as a
means of determining the presence and viability of bacteria. These advances
present new opportunities to study the role of non-growing and dormant bac-
teria in infection and to consider the degree to which culture-based methods
may give a false impression of the absence of pathogens during infection,
clinical latency and treatment.

The progress of molecular methods in microbiology challenges us to
determine the molecular basis of growth and its regulation and to develop
such methods to detect growth and viability. In the present context, the long-
term aim must be to recognise growth states of microbial populations in the
human host.

BACTERIAL GROWTH

Growth involves the accumulation of biomass and may include genomic
replication, cell division and an increase in the number of propagules of the
organism concerned. For most bacteria it is generally held that, after division,
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a newly formed cell placed in an environment favourable to growth will dou-
ble its mass then divide to form two equal-sized progeny via binary fission.
This process has been subjected to detailed analysis and is discussed from
a highly selective viewpoint here. For more comprehensive and introduc-
tory discussions, the reader is referred to recent reviews (35, 55, 57, 66, 82,
104).

Our current understanding of bacterial growth derives overwhelmingly
from studying selected organisms in broth cultures. Liquid cultures are con-
venient; most variables can be precisely controlled, and the scale can be ad-
justed to provide sufficient biomass for almost any form of analysis. In achiev-
ing reproducible results between laboratories, the development of chemically
defined media, consistent inocula and the recognition of growth states that
can be detected by sequential optical density or turbidity measurements have
provided a platform for further development. The widely accepted termi-
nology of lag, exponential (or log) and stationary phases of growth in batch
culture provides essential physiological points of reference and these are of-
ten applied, with scant justification, to bacterial cells and populations outside
the highly defined laboratory environments indicated.

A detailed analysis of the energetics and stoichiometry of bacterial
growth has been made possible by analysing bacterial populations grow-
ing at constant rates in chemostat or turbidostat cultures (35, 57, 93). These
systems provide a relatively reproducible gold standard in which a state re-
ferred to as “balanced exponential growth” can be achieved for extended
times. The resultant population of cells is generally believed to be uniform
and growing at similar rates. Thus it is considered legitimate that analyses of
cells in balanced exponential growth can be divided equally amongst all the
cells present in the sample to yield estimates of content or activity per cell
present.

An important alternative approach has been to start by considering the
bacterial cell cycle, which starts with the birth of a cell by binary fission of
a parental cell and ends with the division of the new cell. This kind of work
draws substantially on our understanding of the eukaryotic cell cycle, where
the biochemical and physiological events have been separated into distinct
phases (G, S, G,, and M with or without Gy), and has been pursued using
techniques that provide large populations of cells that are all at the same stage
of the cycle. While some controversy continues, it is generally thought that
events that are considered critical for progression through the cell cycle in
eukaryotes (e.g., initiation and termination of DNA synthesis) are not simi-
larly regulated in bacteria. Rather, the short-term fate of a cell is determined
by the rate at which it accumulates biomass and by the particular size:growth



rate ratios at which division is initiated (18). Recently, however, Walker and
colleagues (120) have suggested that the umuDC component of the bacterial
SOS response functions in a manner analogous to the eukaryotic S phase
checkpoint. The analogy is complicated by the fact that rapidly growing bacte-
ria initiate new rounds of chromosome synthesis before the last has finished.
The authors also point out that the associated checkpoint and DNA repair
systems are well suited to dealing with DNA damage accumulated during
stationary phase at the time of re-entry into the growth cycle (92).

Most biochemical knowledge obtained with these methods refers to large
cell populations (>107) of readily culturable bacteria in exponential growth
phase. Here, we are primarily concerned with the behaviour of pathogens
during infections. Not only will these organisms rarely be in a simple sus-
pension phase but also it seems most unlikely that the environment will be
conducive to unimpeded exponential growth. Evidently, the degree to which
most of our knowledge of bacterial growth is applicable to the environments
that primarily concern us must be limited.

Laboratory studies on bacterial growth have also provided limited infor-
mation regarding growth in colonies on or in solidified laboratory media
(74, 125) and in biofilms (37, 75). While information on the growth of bac-
teria in colonies and in broth may be valuable in designing isolation and
culture media for medically important bacteria (35), growth in biofilms is
probably a principal mode of bacterial propagation in natural communi-
ties. In infections involving fluid-filled spaces (e.g., cystitis) it is plausible
that the growth phases recognised in broth culture may be applicable and
the relevance of biofilm growth to colonization of intravascular devices also
seems certain. However, beyond these examples, assignment of in vitro-
defined growth phases to pathogens at various stages in infection is largely
speculative.

Molecular Information Related to Bacterial Growth

Studies on carefully defined broth cultures remain the principal reliable
source of information on the molecular basis of bacterial growth. As key
genes involved in growth and its regulation have been identified through
recent pre- and post-genomic studies, the possibility of determining the im-
portance of these genes to infection through deletion, over-expression and
reporter studies has been extensively exploited. In the context of infection, it
is conspicuous that technologies applied to detection of genes essential for
growth in vivo, such as signature tagged mutagenesis, have often detected
genes that appear integral to growth and metabolism (as opposed to classical
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