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Description

Klebsiella pneumoniae is a Gram-negative, opportunistic
pathogen notorious for causing severe infections, particularly in
immunocompromised individuals. Its ability to colonize diverse
environments, including the human respiratory and urinary
tracts, is largely attributed to its arsenal of virulence factors.
Among these, iron acquisition mechanisms stand out as critical
determinants of its pathogenic success. Iron is an essential
nutrient for virtually all living organisms, playing a key role in
vital cellular processes, including DNA synthesis and electron
transport. However, in mammalian hosts, free iron is scarce due
to sequestration by proteins like transferrin, ferritin, and
lactoferrin. To overcome this limitation, K. pneumoniae has
evolved sophisticated iron acquisition systems that enable it to
thrive in iron-depleted environments and establish infections.

Siderophores: The key to iron scavenging

One of the primary strategies employed by K. pneumoniae to
secure iron is the production of siderophores low-molecular-
weight molecules with a high affinity for iron. These siderophores
scavenge iron from host proteins and transport it back into
bacterial cells through specific receptor-mediated mechanisms. K.
pneumoniae  produces multiple siderophores, including
enterobactin, aerobactin, salmochelin, and yersiniabactin, each
with distinct properties that enhance the bacterium's ability to
overcome host defenses. Enterobactin is the most potent
siderophore produced by K. pneumoniae and has an exceptionally
high affinity for Ferric iron (Fe3*). Once synthesized and secreted,
enterobactin chelates iron from host proteins. The resulting iron-
enterobactin complex is recognized and imported into the
bacterial cell via the FepA receptor and associated transport
systems. Inside the cell, iron is released through hydrolysis,
mediated by esterase enzymes. Enterobactin’s effectiveness
underscores its role as a cornerstone of K. pneumoniae's iron
acquisition toolkit. Aerobactin is another siderophore that
enhances the virulence of K. pneumoniae. It has a lower affinity
for iron compared to enterobactin but is particularly effective
under conditions where enterobactin might be inhibited by host
factors. Aerobactin’s synthesis and uptake are mediated by the
iucABCD operon and the iutA receptor. This siderophore has been
associated with hypervirulent strains of K. pneumoniae, which

often cause invasive infections, including liver abscesses and
bacteremia. Salmochelin is a glycosylated derivative of
enterobactin that provides K. pneumoniae with an additional
advantage. Host proteins, such as lipocalin-2, can sequester
enterobactin to neutralize its iron-scavenging capabilities.
Salmochelin circumvents this defense mechanism due to its
glycosylation, which prevents recognition by lipocalin-2. This
adaptation highlights the evolutionary arms race between
bacterial pathogens and host immune systems. Yersiniabactin is
another siderophore associated with hypervirulent K.
pneumoniae strains. It not only facilitates iron acquisition but
also provides protection against oxidative stress, a common host
defense mechanism. The yersiniabactin synthesis and uptake
system is encoded by the ybt locus, which is often found on
mobile genetic elements like plasmids. This association with
mobile elements contributes to the dissemination of
hypervirulence traits among K. pneumoniae populations.

Alternative iron acquisition strategies

Beyond siderophores, K. pneumoniae employs other
mechanisms to secure iron, further enhancing its adaptability and
virulence. These include direct uptake of heme and ferric citrate,
as well as the utilization of host iron-binding proteins. Heme, a
component of hemoglobin, represents a rich source of iron in the
host. K. pneumoniae can directly extract heme from hemoglobin
using dedicated receptor systems such as HmuR and ChuA. Once
internalized, heme is degraded by heme oxygenases, releasing
iron for bacterial use. This pathway is particularly important in
iron-limited environments where siderophore production alone
may not suffice. K. pneumoniae can also utilize ferric citrate as an
iron source through the FecA transport system. This mechanism
is less common but provides an alternative route for iron
acquisition under specific conditions. The flexibility to exploit
diverse iron sources underscores K. pneumoniae’s metabolic
versatility and resilience. Iron piracy involves the direct binding
and extraction of iron from host proteins like transferrin and
lactoferrin. K. pneumoniae expresses receptors that can interact
with these proteins, facilitating iron uptake without relying on
siderophore-mediated pathways. This strategy not only broadens
the bacterium’s iron acquisition repertoire but also helps it evade
host immune responses targeting siderophores. The diverse iron
acquisition mechanisms of K. pneumoniae are integral to its
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virulence, enabling it to colonize and infect a wide range of host
tissues. By securing iron in competitive and hostile
environments, the bacterium gains a critical survival advantage.
This adaptability is particularly concerning in hypervirulent and
multidrug-resistant strains, which pose significant challenges to
public health. Targeting iron acquisition pathways represents a
promising therapeutic strategy to combat K. pneumoniae
infections. Potential approaches include the development of
siderophore inhibitors, vaccines targeting siderophore receptors,
and iron chelation therapies. Additionally, understanding the
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regulation of iron acquisition genes could reveal vulnerabilities
that can be exploited to disrupt the bacterium’s iron
homeostasis. In conclusion, the ability of K. pneumoniae to
acquire iron through multiple mechanisms is a testament to its
evolutionary ingenuity and a cornerstone of its pathogenicity. As
the threat of antimicrobial resistance continues to rise, exploring
and targeting these virulence strategies will be crucial for
developing effective interventions against this formidable
pathogen.
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