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Siderophores 101

« Chelating molecules that form stable complexes

preferentially with Felll
- Typically hexadentate ligands that form octahedral
complexes, 3 bidentate ligands liked together

« Oxygen-containing ligands are most common

- Extremely high affinity for Felll (Ks > 10-30)

Ferrioxamine B

Zheng, T., Nolan, E. M. Metallomics, 2012, 4, 866.
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Biological Functions of Siderophores

The Iron Problem

Despite is abundance in Earth’s crust, no iron is readily bioavailable

Fe(OH)s has extremely poor solubility (Ksp = 2.79 x 10-39)

In diffuse media, how can microorganisms get enough iron?

Weinberg, E. D. Biochimica et Biophysica Acta 2009, 7, 600.



Biological Functions of Siderophores

Siderophores capture iron from the environment and make it bioavailable
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Bacterial Siderophores

Role in Quorum Sensing

’ . ‘ ‘ ‘ _, AHLSignals )
®o0®® \/ | o Oy 2
® ¢ @ X
ATP-dependent Sensor v S
Signal exporter / & kinase :

§

v
v
. -
T / LuxR
: .,

N7 -U P Expression

Luxi 4

lux promoter genes

lux Promoter Genes

Gram-positive (QS system) Gram-negative (QS system)

McRose, D., Baars, O., Seyedsayamdost, M. R., Morel, F. M. M., PNAS 2018, 29, 7581.



Bacterial Siderophores

Role in Quorum Sensing

ng Populatee .
DHBA & DHB-Serine Conc.

McRose, D., Baars, O., Seyedsayamdost, M. R., Morel, F. M. M., PNAS 2018, 29, 7581.



Bacterial Siderophores

Active transport of iron can be very selective

OH OH
o Sn®
OH - ., _OH
S N S ~ N ‘7
H Mer ' Me ”/
O O

pyochelin ent-pyochelin

produced by Burkholderia cepacia produced by Pseudomonas fluorescent

Kadner, R. J., J. Bacteriol. 2020, 20, 6870.



Bacterial Siderophores

Active transport of iron can be very selective

OH OH
o )
OH - ., _OH
S N S ~ N ‘7
H Mer ' Me ”/

o) O
pyochelin ent-pyochelin
produced by Burkholderia cepacia produced by Pseudomonas fluorescent
Induces pyochelin biosynthesis Induces ent-pyochelin biosynthesis

Kadner, R. J., J. Bacteriol. 2020, 20, 6870.



Bacterial Siderophores

Active transport of iron can be very selective
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Edging out the Competition
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triacetylfusarinine neurosporin
Produced by numerous fungi Produced only by Neurospora crassa

“normal” fungi do not have receptors that recognize neurosporin,
giving Neurospora crassa a competitive advantage

Hider, R. C. and Kong, X. Nat. Prod. Rep. 2010, 27, 637.
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Deferasirox

Iron chelator used to treat “chronic iron overload” associated with long-term blood transfusion

FDA approval in 2005, first in class treatment for chronic iron overload

Ranked second on the list of drugs most frequently associated with patient deaths in 2019

Yang, L. P. H., Keam, S. J., Keating, G. M., Drug, 2007, 67, 2211.
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2) Produce a low cost and effective analog
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Leveraging Siderophores in Agriculture

Phytosiderophore Analogs as Iron Fertilizer
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Problem: Fe deficiency occurs when secretion of MAs
is inadequate in Poaceae
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Solution: 1) Determine the effects of synthetic MAs
and other chelates as a feltilizer

2) Produce a low cost and effective analog
of MAs
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Takeaways

Iron is imperative for almost all life

Organisms have evolved complex, redundant mechanisms for iron acquisition
Mixtures of siderophores regulate soluble iron supply in the environment
Further study is necessary to understand biochemical mechanisms for iron
scavenging, transport, and regulation

Siderophores (and ionophores) have high potential for novel therapeutic

applications



