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Spectral and Structural Characterization of Two Ferric Coordination Modes of a Simple
Bis(catecholamide) Ligand: Metal-Assisted Self-Assembly in a Siderophore Analog
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Due to the insolubility of iron hydroxide, bacteria have The reaction of 3 equiv af-H, with 2 equiv of Fé" and 12
developed sequestering agents, siderophores, to scavenge thequiv of base (3:2:12) yields deep red aqueous solutions
iron required for lifel Given the diversity of environments in  characteristic of ferric tris(catecholamid€simax = 488 nm,
which microbes exist, a vast arsenal of siderophores has evolved¢/Fe = 4700). This complex is structurally characteri¥eds
with catecholate and hydroxamate predominating as the biden-a hexaanionic dinuclear triple helix, [£&)s]¢~ (Figure 1). The
tate ligating subunit3. A large number (12) of bis(catechola- complex is effectivelyDs-symmetric, but only a single 2-fold
mide) siderophores have been identified, the majority in the past axis is crystallographically imposed. All three ethyl backbones
2 years ™ These siderophores are intriguing because they lack have staggered conformations with the amide nitrogentisto
the six requisite atoms to fully ligate a single iron atom. each other (NC—C—N torsional angles: 174, 174, 1%80ne
Consequently, a discrete ferric complex ligated exclusively by purpose of this conformation is presumably to maximize the
these siderophores inherently must contain multiple ligands andgistance between the negatively charged coordination spheres.
metals. This complex would demonstrate a biologically im- The two catecholamide planes within each ligand are oriented
portant system of metal-assisted self-assertolyas has been  nearly mutually perpendicularly (95, 95, 97 The structure
demonstrate.d Wlth an analog of rhodo_torullc _a’é‘ldThe.bls- of [Fex(1)s]~ is similar to the gallium dinuclear triple helix
(catecholamide) siderophores, while diverse in organic frame- [Gax(2)s]® (2 = N,N'-bis(2,3-dihydroxybenzoyl)-@ 4R)-di-
work, may utilize similar energetic interactions to assemble a aminopentane), recently reportétexcept that the catechola-
common structural form of metal complex. In order 10 mige prigging unit in the iron structure is shorter and conse-
potentially define the assembly process of such siderophores, aquently the metal centers are positioned closer together (10.0
simple analog has begn synthesized and the iron(lll) complexess \,arsus 10.8 A). The twist angiésin [Fex(1)3]5~ are smaller
have been characterizéd. o than those in the gallium structure (Fe, 37°3@a, 44, 48),

The bls(gatecholamlde) ligand _(ethquanl_), used in this consistent with the difference in bonding between iron and
study consists of two catecholamide units linked by an ethyl gallium2! but [Fe(1)s]® has a much larger helical tw#dtof

?hr |d?e, Wh'tChr']S lflex_lckj)le ar:od a_ItIovE/)s tnjultﬁletconflgur:attlons of tapproximately 80versus 60 for [Ga(2)3]6~. The larger helical
tega\évgnﬁgtgcli %:g]r: c?f s; sliJr:" IZ r':1JetlzIS '(I?(retg(]j%un%ateo gri\;erg_twist results from the shorter bridge between the catecholamides.
1tate fig " '9 Lo ) » S0 This apparent paradox is resolved upon examining the geometric
planar ligation of Ni*+ by a bis(catecholamide) ligand with a : : .
. - constraints of a metalcatecholamide subunit and the number
pentane spacer has recently appedteBasic aqueous solutions - . . .
of remaining rotational degrees of freedom in the ligand. Each

of various Fel ratios have readily distinguishable deep red . .. . .
versus blue-red colors, suggesting the formation of at least two |nd|\{|dual catecholamldg SUbl.m't’ from the catecholate through
the first carbon of the bridge, is planar due to strong hydrogen-

distinct types of metal complexes. bonding between the amide proton and trtho-hydroxy-
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acetonitrile and water do not demonstrate magnetic coupling.

This result is consistent with the single, strogmg= 4.2 signal

in the EPR spectr® The two irons of [Fg1)3]%~ are

magnetically-uncoupled in solution, as anticipated from the large

separation between the irons in the crystal structure (10.0 A).
The [Fe(1)2(OH),]* dimer represents a stable intermediate

in the pathway to the assembly of ffB)3]®~. The displacement
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‘\\\\\\\\i\\\A_&\\\;‘Q\\:\. ‘\}%\\\3 &1\\\\ ligand to generate the dinuclear triple helix can readily be
(S ' AR detected by visible spectroscopy. An isosbestic point at

Figure 1. Space-filling stereoview of [1)5]6~ perpendicular to the ~ 984 Nm observed during incremental addition of a solution of
pseudo-3-fold axis, down the crystallographic 2-fold axis. 1 to an aqueous solution (pH= 9)3! of [Fey(1),(OH)]*~
indicates that the specific type of complex present in water is
under stoichiometric control of the following reaction:

[Fe,(1),(OH),]*™ + 1-H,*” == [Fey(1),]°” + 2H,0

Visible spectroscopic studies with a naturally-occurring bis-
(catecholamide) siderophdrealso reveal a dependence on
stoichiometry. Solutions comprised 1:1 of this siderophore and
iron exhibit complex spectra unlike [H&).(OH),]*", suggesting
that this siderophore does not form a bridged dimer. However,
solutions composed of a 2:3 ratio displayl@ax at 488 nm
([Fex(1)3]® Amax = 488 nm). The similarity between the
solution behavior of the bis(catecholamide) siderophoreland
under 2:3 stoichiometry suggests a dinuclear triple helix could
be involved in bacterial sequestration of iron. Recognition of
the latter as the sequestered form is readily envisioned to occur
at a cell surface receptor similar to that of ferric enterobactin,
the best known tris(catecholamide) siderophore. The cell
Figure 2. Ball and stick view of [F&(1)2(OH),]*~ perpendicular to receptor recognizes ferric enterobactin by the ferric tris-
the pseudo-2-fold axis. (catecholamide) portion of the complex rather than the triserine
organic fragment anchoring the catecholamitfesA ferric
dinuclear triple helix composed of bis(catecholamide) ligands
bend. Such a bend, readily obvious in the helical strands of has two potential tris(catecholamide) recognition sites. Bacterial
[G&x(2)3]%", permits the complex to adopt a BBelical twist. recognition of a single end of a dinuclear triple helix may

The reaction ofl-H, with e+ and base in a 2:2:10 ratio constitute a unifying theme among the structurally diverse bis-

yields blue-red aqueous solutioris,fx= 502 nm,e/Fe= 3400). (catecholamide) siderophores.
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