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The a-ketoglutarate-dependent dioxygenases represent a largeupon substitution of the H-atoms bonded to C1 with deutégia (
and functionally diverse family of enzymes that catalyze many kp ~ 35). This observation suggests an Fef\0)>~ assignment
reactions with environmental, pharmacological, and medical im- for the intermediate, because this species is proposed to activate
portance. For example, these enzymes catalyze steps in the biothe G-H/D bond of taurin€. The detection by Hausinger and
synthesis of antibiotics and collagen, degradation of xenobiotics, coworkers of an O-isotope sensitive band (821 €fier %0 and
repair of alkylated DNA, and cellular sensing of oxygen and re- 787 cnt? for 180) using continuous-flow resonance Raman spec-
sponse to hypoxi&2 These enzymes couple the reductive activation troscopy is consistent with this assignméin.this work, we have
of dioxygen to the hydroxylation of their substrates and the decar- characterized this intermediate by rapid freeze-quench X-ray
boxylation of the cosubstrates-ketoglutarate ¢KG3), to succi- absorption spectroscopy. We detect a short, 1.62 AGanterac-
nate24 In each member of the family, the reaction is carried out at tion, which is present in the spectra of samples containing large
a mononuclear non-heme Fe center, which is facially coordinated amounts of the intermediate but not in the spectra of samples that
by a conserved Higsp/Glu motif from the protein. The mechanism were prepared with rigorous exclusion of oxygen. This result
is also thought to be conserved and is shown below in Scheme 1,corroborates the hypothesis that the intermediate contains=an Fe
adapted for the subject of this studsscherichia coltaurineoKG O structural motif.
dioxygenase (TauD). Key features of this mechanism are (1) Samples containing large amounts of the intermedihteere
addition of oxygen to the square pyramidal Fe(ll) center of the Prepared as previously described, but with minor modificatfons.
quaternary TauD:Fe(IlxKG:taurine complex to yield, (2) attack Mdossbauer spectra reveal that 93% of the total Fe in these
of the uncoordinated O-atom of the-@oiety on C2 ofaKG to samples is in form of the Fe(IV)-intermediate (see Figure S1). The
form the bicyclic speciei , (3) cleavage of the ©0 bond and Mossbauer spectrum of the anaerobic control san2pkhows that
decarboxylation resulting in the Fe(I¥0%~ specieslll , (4) ab- it does not contain the intermediate. Figure 1 shows the XANES
straction of an H-atom from the substrate to yitdf (5) hydrox- spectrum of (thin line) and ofl (bold line). The edge at is sub-
ylation via oxygen rebound, and (6) dissociation of the products Stantially higher in energy than that 2f indicating that the Fe of
and re-binding of substrate and cosubstrate. We recently detectedhe intermediate is more oxidized than the Fe(ll) present in the
an intermediate in the TauD reaction following mixing of the quat- Starting complex. Although the edge energy can be indicative of
ernary complex with @and showed that it contains formally an the oxidation state of the absorber, an assignment of oxidation num-
Fe(IV) center in the high-spin configuratiéiVe then demonstrated ber from XAS alone is complicated in this case by several faétors.

that decay of the intermediate exhibits a large kinetic isotope effect First, the intermediate gives rise to the largest isomer shift-(
0.31 mm/s) reported for relevant Fe(IV) complexes, suggesting that

Scheme 1 . Proposed Mechanism for Oxygen Activation by TauD? its Fe center may have substantial Fe(lll) character. Also, the sample

+ + + contains 21% Fe(ll) initially, and partial photoreduction of the
HBN HJN H3N . . .. . .
I o - I o o 150 - intermediate was demonstrated by $8bauer characterization of
RO : Ro \? f \?; H_3 the sample after X-ray exposure. Any or all of these complications
OIO'.";FCZ”;"Zﬁ OIO";F?Q;{; o—F e may skew the edge toward lower energy. Nevertheless, the edge
,J,.s HI,-S ,Jis energy (7123 eV, defined as the inflection point of the rising edge)

and, more importantly, its general shape are consistent with other
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Figure 2. Left panel: FT of the Fe K-edge EXAFS datef(k)] for 1
(bold line) and2 (thin line). FT range: +13 A. Right panel: Fourier-
filtered EXAFS spectrakfy(K)] of 1 (bold line) and fitsA, B, C, andD
(top to bottom, thin lines, see Table S1 for fit parameteks)one shell at
2.05 A;B: two shells at 2.06 and 2.42 &: two shells at 1.62 and 2.05
A, andD: three shells at 1.62, 2.05, and 2.42 A.

examples in the literature of Fe(IV) complexes and protein
intermediated?11

The inset of Figure 1 shows a closeup of the feature arising from
the 1s-3d transition? The increased intensity in sampleis

and +1V. Ongoing experimental and computational studies will
address this intriguing possibility.
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