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Rubredoxin oxidoreductase (Rbo), also called desulfoferro-
doxin'~*is a homodimeric non-heme iron protein found in some
sulfate-reducing bacteria and archaea. Rbo has recently bee
implicated as both a superoxide dismutase (SGIDJ a super-
oxide reductase (SORY.The latter activity has been proposed

to represent a new paradigm by which anaerobic microorganisms

minimize the toxic effects of adventitious dioxygen exposure.

20, + 2H"—0,+H,0, (SOD-catalyzed reaction)

e +0, +2H"—H,0, (SOR-catalyzed reaction)

The crystal structure of Rbo fromesulfaibrio desulfuricang
shows two distinct iron sites: Center | is an [Fe(SGlysite, the
function of which is presumed to be electron transfer. Center Il
is a novel square pyramidal [Fe(NHi3Cys)] site, and the
published evidence indicates that Center Il is the site of reaction
with superoxide:” The reduction potentials of Centers | (2 mV)
and Il (90-240 mV vs NHE) are such that Rbo as-isolated is
pink (Rbging with a ferric Center | and ferrous CentePflRbaink
can be oxidized to a gray form (Rhg) in which both centers
are ferric?

A related protein, SOR frorRyrococcus furiosy$contains a
Center Il homologue as the only metal site. X-ray crystal structures
of P. furiosusSOR show a carboxylate from a glutamate residue
occupying the coordination site opposite to the cysteine thiolate
ligand in the six-coordinate ferric form, but not the five-coordinate
ferrous form!® In the Rbo crystal structure, the analogous
carboxylate from glutamate residue E47540 A away from
the Center Il irorf This glutamate residue is conserved in all
known Rbos, and SOR$:%* This report addresses the afore-
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Figure 1. Difference absorption spectra-23 °C) of wild type (W.T.)
or E47A [RbQray — Rbaini], in which Rbaqyay Was generated by aerobic

r{eaction of~34 uM Rboyink Center 1l with xanthine (0.4 mM)/xanthine

oxidase (1Qg) in 50 mM 3-(N-morpholino)propanesulfonate at pH 7.3.
Supporting Information shows the corresponding absolute absorption
spectra.

mentioned structural and functional ambiguities of Rbo Center
Il by employing pulse radiolysis to study the reaction of
superoxide witlD. vulgaris Rbo and an E47A-mutated Rbo6

Centers Il in both wild type and E47A Rlaq could be oxidized
to form Rbgyy by reaction with a xanthine/xanthine oxidase
superoxide-generating systérmDifference absorption spectra
(Figure 1) generated by subtracting the initial Rhospectrum
from that of the corresponding superoxide-oxidized protein clearly
show that the E47A mutation perturbs ferric Center Il, but not
Center I. The wild-type Rhpy — Rba,n difference absorption
spectrum shows the previously reported feature at 647m (
~1900 Mt cm™1) due to ferric Center 1#:35"The corresponding
feature in the difference spectrum of E47A Rbo is blue shifted
to approximately 590 nm and less intenegd{~ 500 M~ cm1).
These results suggest that E47 interacts with the iron atom of
ferric Center 1, most likely by carboxylate ligatidh.

SOD activity of Rbo was monitored by the rate of disappear-
ance of superoxide via its absorbance at 260"hNo enhance-
ment in the spontaneous disproportionation rate was observed in
the presence of AM Rba,i. (rate data included as Supporting
Information). At pH 7.8, typical SODs enhance the superoxide
disproportionation rate constant by 4 orders of magnitddaur
measurements show a limiting catalytic rate constant for Rbo
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Figure 2. (A) Optical absorption spectra of the 600-nm intermediate His. |His
(~75 us after pulse) @) and final product M) obtained~100 ms after ;/Fé@)
pulse radiolysis of Riggk (100 u4M Center 11) solution to generate 1.7 His ] His
uM superoxide. ©) E47A Rbo 600-intermediate~75 us after pulse). SCys
(B and C) Time courses for the formation (B) and decay (C) of the 600- Rbogray

nm intermediate following pulse radiolysis of i@ (50 and 25uM obtained via pulse radiolysis (not shown) closely resembles the

Center I, respectively) solutions to generate .M superoxide.
Conditions: 0.12 mM Tris, 10 mM formate,8M EDTA at pH 7.78, 25
°C, 2.0-cm optical path.

below that for spontaneous superoxide disproportionatiakOf
M~1stat ambient temperature and pH*¥)8and, thus, establish
that Rbo is not an SODIn the same fashion, E47A Rbo was
also shown to be devoid of SOD activity. The iron-coordinated
glutamate residue iR. furiosusSOR was proposed to obstruct

the reaction of the ferric center with superoxide, thereby disfavor-

ing SOD activity? The lack of SOD activity for E47A Rbo does

not support such a role for the analogous glutamate residue in

Rbo.
Figure 2A shows optical absorption spectra (4420 nm at

millisecond time scales during reaction of Ro with sub-

stoichiometric levels of superoxide generated by pulse radiolysis.

An intermediate exhibiting an absorption centered at 600¢3sp (
~ 3500 Mt cm™Y) is fully formed by~60us after the superoxide

pulse (Figure 2B). This intermediate accumulates at a nearly

diffusion-controlled rate (1.5 10° M~ cm™?) that is first order
in both superoxide and Rbo concentrations {&%and 25-100

uM, respectively). The 600-nm intermediate then decays in a first-

order process (409 (Figure 2C) that is independent of
superoxide concentration to yield a final spectrutpa{ ~ 650
nm, egs50 ~ 2300 Mt cm™) closely resembling that of Center |
in Rbayay (Figure 1).

E47A difference absorption spectrum (Figure 1).

An SOR cycle for Rbo Center Il is proposed in Scheme 1. We
formulate the 600-nm intermediate as a ferric-(hydro)peroxo
species. This formulation is consistent with optical absorption
spectra of synthetic ferric-alkyl(hydro)peroxo and peroxo com-
plexes, which typically exhibit peroxo-to-iron charge-transfer
absorptions with ,ex 520—-615 ande 500—-2200 Mt cm 120 The
absorption intensity of the 600-nm intermediate is likely due to
a combination of peroxe~ Fe(lll) and cysteinyl sulfur— Fe-

(In) charge transfer. Protonation of the coordinated (hydro)peroxo

by the incoming E47 side chain would lead to release of hydrogen
peroxide and Rhg,, which we propose has a six-coordinate ferric

Center 1117 Reinsertion of an electron via Center | (from an

; X > ; unidentified exogenous donor) would lower the affinity of E47
10-nm intervals) and time courses obtained on microsecond andsqy iron, leading to regeneration of the five-coordinate ferrous
Center II. The nearly diffusion-controlled initial reduction of
superoxide by ferrous Center Il is consistent with the presumed
superoxide scavenging function of RBoSOR-type enzymatic
turnover of Rbo, however, may be critically dependent on

subsequent steps of the cycle, such as protonation of the ferric

(hydro)peroxo comple® Our results suggest a mechanism for
SOR activity of Rbo involving formation and decay of a ferric-

peroxo species.
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; ; ; ; the presence and absence of Rbo,-tiNé absorption spectra of wild

pulse radiolysis product is that of Center Il in Rag If so, then . e - )
the close agreement between the corresponding extinction coef-type and E47A Rbo (PDF). This material is available free of charge via
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ficients indicates a 1:1 molar stoichiometry between superoxide PP g

generated and Center Il reacted, i.e., a one-electron process, asA005583R

expected for the SOR-catalyzed reaction.
An essentially identical 600-nm intermediate forms at ap-

proximately the same diffusion-controlled rate upon reaction of

E47A Rbo with superoxide (Figure 2A). The E47A 600-nm

intermediate decays on the same time scale as for wild type, but
in a more complicated fashion. Nevertheless, the final spectrum
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