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Sulfite oxidase catalyzes the physiologically vital oxidation of
sulfite to sulfaté. It contains molybdenum associated with a
single molybdopterin dithiolene cofactor and a cytochrdmtgpe
heme!? The two-electron oxidation of sulfite to sulfate occurs
at the molybdenum site, which is reduced from Mo(VI) to Mo-
(IV), and the catalytic cycle is completed by two one-electron
oxidations to the cytochromb site® A variety of anions are
competitive inhibitors of sulfite oxidase.The best studied is
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Figure 1. Mo(V) EPR spectra of sulfite-reduced human sulfite oxidase
in 2H,0 (a) in the absence of added anions at pH 9.0, (b) in the presence
of 0.1 M phosphate at pH 6.5, and (c) in the presence of 0.1 M arsenate
at pH 6.5. Trace d shows a simulation of’c.

phosphate, which forms a characteristic Mo(V) electron para- hyperfine coupling. Only very subtle sharpening of the arsenate
magnetic resonance (EPR) signal called the phosphate signal. Thigpgr signal was observed #H,0 buffer, as was previously

signal shows hyperfine coupling to the= Y/, 3*P nucleus;® and
to 170 of enriched phosphatandicating molybdenumphosphate

observed for the phosphate sighdhdicating the absence of
strongly coupled exchangeable protons in the signal-giving

coordination. It also lacks the strongly coupled exchangeable species. For the phosphate sigrié® hyperfine is wedé and

proton$ of the other Mo(V) EPR signafs. Gutteridge et al.
showed that the strongly couplé® observed in the Mo(V) EPR

has only been observed in higher derivative X-band E&fby
sophisticated pulsed techniguiegirsenic (100%°As | = 3/,) is

of 1’O-enriched enzyme is lost upon formation of the phosphate gypected from theory to have hyperfine couplings similar in size

complex, suggesting that anOH ligand of molybdenum is
displaced by binding of the anidhThe structure of the complex

to those of*!P1° However’As also has a significant nuclear
electric quadrupole moment (0.290 bafhsand complication of

is of significant interest because it is likely to be structurally the EpR spectrum due to nuclear electric quadrupole coupling is
analogous to the sulfate complex with reduced enzyme formed anticipated? The quadrupole coupling is directly proportional

after catalytic sulfite oxidation. We report herein a study of g the electric field gradient at the quadrupolar nucleus, arising
reduced sulfite oxidase complexed with the phosphate analoguesom the valence electronic structure and from the influence of

arsenate, using both EPR and extended X-ray absorption finenearhy atoms. Complexed arsenate is expected to be somewhat

structure (EXAFS) spectroscopies.

distorted from ideal tetrahedral geometry, with bond lengths

Figure 1 shows the effects of phosphate and arsenate upon th‘?/arying from approximately 1.67 A for AsO to 1.73 A for

X-band Mo(V) EPR spectrufnof human sulfite oxidase. The
arsenate signal (Figure 1c) hgwvalues to the phosphate signal
(Figure 1b), but with additional resolved structure due to ligand
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As—OH?!3 or Mo—O—As ligation* In the EPR signal, we can
therefore expect a significantly asymmetric nuclear electric
quadrupole coupling from the distorted arsenic ligand field.
Figure 1d shows a simulatidfijncluding quadrupole effects, of
the Mo(V) arsenate EPR spectrdm.
The Mo(V) EPR signal of Figure 1c integratéso ap-

proximately 58% Mo(V), and the sample is likely to be a mixture
of Mo(V) and Mo(lV). While interpretation of EXAFS spectra
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10—— . : — nating from Cys 20%?22% and two more from the cofactor
T A 1 dithiolene??? Similarly, a single Me=O and at least one MeO
| are expected for reduced enzythand the Me=O coordination
- 1 number of one argues for minimal presence of the dioxo Mo(V1)
Spo-e- St ] enzyme. The data did not allow inclusion of yet anotherM»
L . interactior?* and we conclude that the site is five-coordinate, with
i /\ .| the structure of the type shown in Figure 2B. The best fit
0 ! ' coordination number for the MeAs interaction was 0.50.6.
- \/ \/ \M/ I While this is consistent with only the Mo(V) form being

s

x(k)xk3

] ] complexed, we note that EXAFS-derived coordination numbers
. for distant ligands such as the MeAs lack sufficient accuracy
to be certain of this. In any case, first-shell structural differences
between the Mo(V) and Mo(IV) sites must be small, as the low
values of the DebyeWaller factors do not indicate significant
10— é . § s é . 111 \ 113 ] heterogeneity in' metalligand bond Iengths. Assuming that the
1 2.26 A Mo—O is that ligated to arsenic (see Figure 3) and
k(AT assuming an ©As distance of 1.72 A% then we can calculate
an approximate MeO—As bond angle of 13Q which is a
3 ' ' ‘ ' ' T chemically reasonable valdé. It has been suggested that
phosphate binds as a bidentate ligan8uch ligation now seems
unlikely; assuming an ©As—O bond angle of 109'% we
calculate a closest approach to molybdenum of a second arsenic-
bound oxygen b3 A for the arsenate complex.

By comparing the hyperfine couplings &P and’As of the
phosphate and arsenate Mo(V) EPR signals, we find that the
coupling to arsenic is approximately twice as large. This might,
at first sight, argue for different structures for the arsenate and
phosphate complexes; however, the isotropic component of the
3P hyperfine coupling in the phosphate signal of site-directed
mutant sulfite oxidases can be much larg§feindicating that it
can be significantly affected by subtle geometric changes. From
this consideration and the similarity in tlgevalues (Figure 1),
we believe that the phosphate and arsenate complexes are very
similar. From analysis of the anisotropic component of ¥
Figure 2. (A) Mo K-edge EXAFS and (B) EXAFS Fourier transform  hyperfine coupling, Pacheo et %akstimated a Mo-P distance
(Mo—S phase-corrected) of sulfite-reduced sulfite oxidase in the presenceof 3.2—3.3 A for the sulfite oxidase phosphate signal-giving
of 0.1 M arsenate. The solid lines show the experimental data and the species. This is in excellent accord with our #és distance
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broken lines the best fit: three MeS at 2.363(6) Ag? = 0.0038(5) &, of 3.20 A. Pacheo et al. additionally estimate a-Md bond
one Mo=0 at 1.695(4) Ap2 = 0.0016(3) &, one Mo—0 at 2.26(3) A, length (assuming chemically reasonable phosphate bond lengths
0?=0.0021(5) &, and 0.6 Me--As at 3.203(6) A2 = 0.0025(5) &, and angles) of a monodentate phosphate ligand to be ap-

where 62 are Debye-Waller factors and the parenthetical values are proximately 2.25 A, also in good agreement with our measurement
estimated standard deviations (precisions) from the diagonal elements ofgf 2 26 A for what is likely the analogous bond in the arsenate
the covariance matrix. Accuracies are expected to be poorer than complex. As indicated above, the arsenate and phosphate
precisions (for bond lengths +0.02 A). The inset in B is a postulated complexes are of particular interest in that they are likely to be
structure for the complex; we note that no geometrical information is - gcturally analogous to the sulfate complex with reduced enzyme
available from our EXAFS analysis. which will be formed after catalytic oxidation of sulfite. By
analogy, we therefore expect sulfate in such a complex to be

of mixtures can be problematic, the primary goal of this work .o dinated to molybdenum as a monodentate ligand.

was to detect Mo-As interactions and we have therefore
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