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Fig. 1. Iron transport mechanism in bacteria via siderophores

Left: In gram-positive bacteria, the siderophore binds to the SBP on the cell membrane and enters the cy-

toplasm via the membrane transporter, permease. Right: In gram-negative bacteria, the siderophore binds

to the OMR and moves to the periplasm in a TonB-dependent manner. The siderophore is transported to

the cytoplasm by the ABC transporter. ABC: ATP-binding cassette transporter; OMR: outer membrane re-

ceptor; S: siderophore; SBP: siderophore-binding protein.
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Fig. 2. Regulation of iron by hepcidin in vivo
Hepcidin production itself in hepatocytes is strictly regulated by stimulation or inhibition of multiple pathways.
Hepcidin binds to ferroportin, an iron transporter, and regulates the intracellular and extracellular iron levels by
inhibiting ferroportin. RBC: red blood cells; IL-6: interleukin-6.
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Fig. 3. Blood levels of hepcidin and iron in a case of bloodstream infection
The blood concentrations of hepcidin rapidly increased after the onset of infection, and gradual-
ly decreased again during the recovery period from the disease. In contrast, the serum iron levels

initially declined and then recovered.
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Fig. 4. Competition of iron acquisition between the host and bacterial pathogens
Extracellular iron levels are tightly regulated by hepcidin, and excess iron is protected by transferrin or lactoferrin
binding. In addition, lipocalin 2 binds to the siderophore and prevents pathogens from acquiring iron. In turn, certain
bacteria produce modified siderophores to which lipocalin 2 cannot bind. S: siderophore; S": modified siderophore.
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Modulation of the iron concentration in phago-

Nramp 1 plays a pivotal role in inhibiting iron uptake
by intracellular pathogens. Nramp 1 transports iron
from the phagosomes in macrophages to the cyto-
plasm, resulting in a decreased iron levels in the
phagosomes and inhibiting pathogens from acquiring
iron. Nramp 1: Natural resistance-associated macro-
phage protein 1.
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Fig. 6. Drug delivery mechanism of siderophore-cephalosporin via the iron transport

system

With the structure of a siderophore, antibiotics (cephalosporins) can efficiently pen-

etrate the outer membranes of gram-negative bacteria using the bacterial iron trans-

port system. ABX: antibiotics; OMR: outer membrane receptor; S: siderophore.
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Iron metabolism in infectious diseases
—Competition of iron acquisition between the host
and bacterial pathogens—

Hiroshi Moro

Division of Infection Control and Prevention, Niigata University Medical & Dental Hospital, 1-754 Ichibancho, Asa-
himachidori, Chuo-ku, Niigata, Japan

Iron is essential for both humans and bacteria. Bacteria produce small-molecule siderophores and effi-
ciently acquire iron, and in the presence of an infection, the host and bacteria compete for iron acquisition.
The major iron regulator in humans is hepcidin, produced in the liver. Hepcidin controls iron metabolism
by inhibiting the expression of the iron transporter, ferroportin. In addition, lipocalin 2, which inhibits si-
derophores, and Nramp 1, which regulates the iron concentrations in phagosomes, also serve as iron regu-
lators of the host. The iron transport mechanism is considered as a promising target for antibiotics. Cefi-
derocol (5-649266), with cephalosporin and siderophore structures, can efficiently penetrate the cell outer
membrane via the bacterial iron transport system. Application of the iron transport system for drug deliv-
ery to treat infectious diseases may be expected with further progress in the understanding of iron me-
tabolism.

BARMEFEEFRMEE Vol 67 No. 2

175



