
Microbiol Monogr (6)
D. H. Nies, S. Silver: Molecular Microbiology of Heavy Metals
DOI 10.1007/7171_2006_078/Published online: 2 February 2007
© Springer-Verlag Berlin Heidelberg 2007

Acquisition of Iron by Bacteria

Volkmar Braun (�) · Klaus Hantke

Mikrobiologie/Membranphysiologie, Universität Tübingen, Auf der Morgenstelle 28,
72076 Tübingen, Germany
volkmar.braun@uni-tuebingen.de

1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 190

2 Fe3+-Siderophore Transport Systems in Gram-Negative
and Gram-Positive Bacteria . . . . . . . . . . . . . . . . . . . . . . . . . . 191

2.1 Energy-Coupled Transport Across the Outer Membrane
of Gram-Negative Bacteria . . . . . . . . . . . . . . . . . . . . . . . . . . . 191

2.2 Transport of Fe3+-Siderophores, Heme, and Fe3+

Across the Cytoplasmic Membrane of Gram-Negative Bacteria . . . . . . . 198
2.3 Transport of Fe3+-Siderophores, Heme, and Fe3+

Across the Cytoplasmic Membrane of Gram-Positive Bacteria . . . . . . . . 200

3 Outer Membrane Transporters also Function as Signal Generators
and Signal Transmitters . . . . . . . . . . . . . . . . . . . . . . . . . . . . 203

4 Uptake of Iron Without Siderophores . . . . . . . . . . . . . . . . . . . . . 206
4.1 Feo-Mediated Ferrous Iron Transport . . . . . . . . . . . . . . . . . . . . . 206
4.2 Ferrous Iron and Manganese Uptake by the Sit-ABC Transporter . . . . . . 207
4.3 ZupT, a Housekeeping Divalent Metal Transporter? . . . . . . . . . . . . . . 208
4.4 Ferric Iron Transport Systems Sfu/Fbp/Hit/Yfu . . . . . . . . . . . . . . . . 208

5 Three Types of General Iron Regulators: Fur, DtxR, and RirA . . . . . . . 209
5.1 The General Iron Regulator Fur . . . . . . . . . . . . . . . . . . . . . . . . 209
5.1.1 The Irr Protein, a Member of the Fur Family, Responds to Heme . . . . . . 210
5.1.2 RhyB – Another Level of Regulation via RNA . . . . . . . . . . . . . . . . . 210
5.2 DtxR, the Iron Regulator of High-GC Gram-Positive Bacteria . . . . . . . . 211
5.3 RirA, a Global Iron Regulator Found in Some Rhizobia . . . . . . . . . . . 211

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 212

Abstract Bacteria have evolved multiple mechanisms to cope with the extreme iron limi-
tations in their natural environments. Fe3+ forms insoluble hydroxy aquo complexes. The
free Fe3+ concentration lies orders of magnitude below the concentration required for
microbial growth (0.1 µM). Bacteria synthesize and secrete low-molecular-weight com-
pounds, called siderophores, which bind Fe3+ with very high affinity and specificity, and
host organisms of bacteria bind Fe3+ to proteins that serve as iron sources for bacte-
ria. Energy-coupled transport systems bring Fe3+, Fe3+-siderophores, and heme across
the outer membrane, the periplasm, and the cytoplasmic membrane into the bacterial
cytoplasm. There, iron is released from the carrier molecules and incorporated mostly
into heme and iron-sulfur proteins. Intracellular iron metabolism is poorly understood.
The transport systems and the biosynthesis of the siderophores are regulated by pro-
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teins, usually by Fur in Gram-negative bacteria, and DtxR and IdeR in Gram-positive
bacteria. These proteins act as transcriptional repressors when loaded with Fe2+. Addi-
tional regulatory devices control siderophore biosynthesis and transport. The Fec-type of
regulation is of particular interest because it involves a novel mechanism in which the fer-
ric siderophore binds to the outer membrane transport protein and from there induces
transcription of the transport and biosynthesis genes in the cytoplasm. Another recently
detected device is the regulation of genes positively regulated by Fur via RhyB, a small
regulatory RNA. RhyB facilitates degradation of positively regulated mRNAs, which does
not occur when Fe2+-Fur represses RhyB synthesis.

1
Introduction

The insolubility of Fe3+ and the solubility of Fe2+ requires different modes
of iron acquisition by bacteria. The insoluble Fe3+ hydroxide polymer must
be solubilized by iron-complexing compounds, called siderophores, which
are synthesized and secreted by bacteria and fungi. In eukaryotic hosts, iron
is incorporated into heme or carried by proteins, in particular hemoglobin,
hemopexin, transferrin, lactoferrin, and ferritin. Bacteria have developed
specific mechanisms to mobilize heme released from the heme proteins and
iron released from transferrin and lactoferrin. When Fe3+ is provided by
transferrin and lactoferrin, ionic Fe3+ is transported across the cytoplasmic
membrane. The Fe3+-siderophore complexes are transported into the bacte-
rial cytoplasm where iron is released from the siderophores and incorporated
into iron proteins, such as iron-sulfur proteins and cytochromes. The num-
ber of different siderophores a bacterial species synthesizes is lower than the
number of different Fe3+ siderophores it takes up (it is more economical to
synthesize only a few siderophores and use siderophores from other bacte-
ria and fungi than to synthesize all siderophores for every available type of
transport system). If a bacterial cell is unable to transport the siderophores
secreted by other competing microbes, iron deprivation could result; there-
fore, the bacteria require a broad spectrum of Fe3+-siderophore transport
systems. These systems consist of specific outer-membrane transport proteins
that are necessary because of the low concentration of Fe3+-siderophores and
their size, which may exceed the diameter of the pores formed by the outer-
membrane porins. Synthesis of siderophores and Fe3+-siderophore transport
systems are regulated. Transcription of siderophore synthesis genes and Fe3+-
siderophore transport genes is repressed when cells contain enough iron.
Transport of Fe3+, Fe3+-siderophores, and heme across the cytoplasmic mem-
brane of Gram-positive and Gram-negative bacteria is catalyzed by ABC
transporters, which involve a binding protein and one or two transmembrane
proteins linked to a membrane-associated ATPase. Fe2+, in contrast, diffuses
across the outer membrane and is transported across the cytoplasmic mem-
brane by a mechanism that differs from that of Fe3+ and Fe3+-siderophores.


