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Figure S1: Mossbauer spectra of the aerobically purified ADO (A, vertical bars) and
anaerobically purified ADO (B, vertical bars) recorded at 4.2 K with a magnetic field of 53 mT
applied parallel to the y beam. There is a ~ 6% contribution from the Fe,""M complex in the

spectrum of the anaerobically purified enzyme. Anaerobically purified ADO with 8 mM decanal

at B=0mT (C, vertical bars) and B =53 mT (D, vertical bars) recorded at 4.2 K.
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Figure S2: Demonstration of substrate triggering of O, addition to the Fe,"" cofactor in ADO.
An O,-free solution of Fe,"""-ADO (prepared by anaerobic purification) either lacking an
aldehyde substrate (black trace) or containing 10 mM decanal (blue trace) was mixed in the
stopped-flow apparatus at 5 °C with an equal volume of O,-saturated buffer (50 mM sodium

Hepes, pH 7.6, 10% glycerol), and the reaction was monitored by the absorbance at 350 nm.
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Figure S3: Comparison of the efficacy of substrate triggering by short-chain aldehydes of
varying chain length. An O,-free solution of Fe,"""-ADO (200 uM; prepared by treatment of the
aerobically purified protein with dithionite) containing 4 mM of an aldehyde substrate was
mixed in the stopped-flow apparatus at 5 °C with an equal volume of O;-saturated (1.8 mM)
buffer. The polychromatic light source and photodiode array detector were used. Therefore, the

intermediate decays more rapidly due to photolysis.
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Figure S4: Determination of the concentration dependence for substrate triggering by decanal.
An O,-free solution of Fe,”"-ADO (200 puM; prepared by treatment of the aerobically purified
protein with dithionite) containing the indicated concentration of decanal was mixed in the
stopped-flow apparatus at 5 °C with an equal volume of Oj-saturated (1.8 mM) buffer. The
polychromatic light source and photodiode array detector were used. Therefore, the intermediate

decays more rapidly due to photolysis.
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Figure S5: Demonstration of a delay in intermediate formation associated with binding of the
substrate, decanal. An O,-free solution of Fe,"""~ADO (200 pM; prepared by treatment of the
aerobically purified protein with dithionite) either lacking decanal (red and black trace) or
containing 2 mM decanal (blue trace) was mixed in the stopped-flow apparatus at 5 °C with an
equal volume of O;-saturated (1.8 mM) buffer either lacking decanal (blue and black traces) or
containing 2 mM decanal (red trace). The polychromatic light source and photodiode array

detector were used. Therefore, the intermediate decays more rapidly due to photolysis.
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Figure S6: Kinetics of the Fe,"!"

-peroxide complex by SF-Abs under the conditions of the FQ
Mossbauer experiment in Figure 4. An O,-free solution of 1.49 mM ADO (cofactor
concentration) and 16.6 mM 1-["°C] octanal was mixed in the stopped-flow apparatus at 5 °C
with an equal volume of O,-saturated (1.8 mM) buffer (50 mM Hepes pH 7.6, 10% glycerol),
and the reaction was monitored by absorbance at 450 nm with monochromatic incident light and
the PMT detector. The data are shown as the solid black trace, and the fit according to Eq. 6
(which considers that the reactant exists in two forms, R and R', that can both convert to
intermediate I; see Experimental Section) is shown as the blue solid trace. The fit corresponds to
formation rate constants of 0.71 (+ 0.005) s™ and 0.10 (+ 0.002) s™ and a decay rate constant of
0.0015 (+ 0.00004) s. The fit obtained by assuming that only one form of the reactant, R,
converts to the intermediate, I [which gives a formation rate constant of 0.43 (+0.004) s” and a

decay rate constant of 0.0013 (+ 0.00004) s™'], is shown in red to illustrate that this model does

not account well for the experimental data.

S7



-

. \ { ;
anaerobic cntrl | ¢ \

with decanal

\ '

15s FQ
without decanal

0.5%
I

15s FQ 3@ 82 ; }
with decanal \ ] mu'

c \!’ v 10.5%

difference

IO.S%

T=42K
NP .. i ]
-4 -2 0 2 4
velocity (mm/s)

Figure S7: Demonstration by FQ Mdossbauer spectroscopy of substrate triggering of O, addition
to Fe,"""-"ADO. Spectrum A is of a sample of the O,-free Fe,"'~-ADO¢decanal reactant (prepared
from anaerobically purified enzyme; 1.6 mM diiron cofactor; 10 mM decanal). In B, an O,-free

WI_ADO (same cofactor concentration) lacking an aldehyde substrate was mixed

solution of Fe,
with an equal volume of O;-saturated (1.8 mM) buffer, and the reaction was freeze-quenched
after a reaction time of 15 s. In C, the reactant solution in A was mixed with an equal volume of
O,-saturated buffer, and the reaction was freeze-quenched after 15 s. D is the difference
spectrum, C-B. Spectrum A reflects an ~89% contribution from Fe,""-ADO¢decanal and an
~11% contribution from the oxidized Fe,""™ form. Spectrum B can accommodate as much as a ~

/111

4% contribution of the Fe,  -peroxide species, whereas the contribution from the Fe,""™ form

remains unchanged from A (~ 11%). Spectrum C reflects a ~ 44% contribution from the Fe,"""!"-

peroxide complex.
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Figure S8: Sequential-mix stopped-flow experiment monitoring oxidation of the reduced 1-
methoxy-PMS MOPMS) by the peroxide intermediate in ADO, the Fe,"'™ "resting state" of
ADO, and O; (in the absence of ADO). Blue trace: a solution of Fe,"""ADO (0.5 mM in
cofactor) containing 10 mM decanal was mixed with an equal volume of O,-saturated (1.8 mM)

buffer. The reaction was allowed to proceed for 15 s to accumulate the Fe,""™

-peroxide complex
before the solution was mixed with an equal volume of 0.25 mM reduced (by prior treatment
with sodium dithionite) M*°PMS. Red trace: a control experiment, in which the aerobically
purified Fe,;™™ ADO was used in place of the Fe,"" enzyme, demonstrating that the
intermediate oxidizes M*°PMS much more rapidly than the resting, as-aerobically-purified
FezlwIII ADO. Green and black traces: control experiments, in which ADO was omitted
entirely, showing that the intermediate oxidizes the ¥*°PMS much more rapidly than does O,. In

these control experiments, re-reduction of the M*°PMS by the products of sodium dithionite

oxidation (sulfite) complicates interpretation. Although a stoichiometric quantity of sodium
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dithionite was used in the initial M*°PMS reduction, it appears that the sulfite generated by its
oxidation is capable of re-reducing the M*°PMS system, as has been previously described.' This
behavior was time dependent, as revealed by replicate control experiments done 5 min after the
initial reduction of the M*°PMS (black) and then 5 h after (green). Regardless, all other events
leading to M*°PMS oxidation and/or re-reduction are much slower than its oxidation by the

intermediate (blue).
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