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Proteins containing Rieske-type [2F2S] clusters play important ~ potential, archaeal sulredoxin (SDX) frdbulfolobus tokodastrain
roles in many biological electron-transfer reactions such as aerobic7 (Emacia pn= +188 mV; Kaox1,20f the visible CD transitior
respiration, photosynthesis, and biodegradation of various alkene8.4 + 0.2 and~12, respectively (Figure SZ)?? with weak
and aromatic compounds? The variation of the redox potential homology to the regular cytochronbe;-associated Rieske proteins
(Em) of the cluster, and its pH dependence, reflects the presence of(DDBJ accession number, AB023295); and the low-potential,
two different types of proteins with distinct biological electron- archaeal Rieske-type ferredoxin (ARF) fr@nlfolobus solfataricus
transfer functions: The high-potential Rieske proteins in cytochrome strain P-1 Ey,, 7= —62 mV) with the canonical cluster-binding motif
bci/bsf complexes of the aerobic respiratory chain and photosyn- for the low-potential Rieske-type ferredoxins (DDBJ accession
thesis have a pH-dependés; acig pr Of ~150-490 mV, and the number, AB047031)8b23
low-potential proteins in a broad group of bacterial multicomponent  The RR spectra at 77 K of the oxidized [2F2S] clusters in
terminal oxygenases and soluble Rieske-type ferredoxins have pH-bacterial ISP A—C), archaeal SDXBP—F), and ARF G—1) at
independent potentials ef—150 to —50 mV up to~pH 10113 acidic to neutral pH are similar, showing at least eight bands in
The redox-linked ionization of the high-potential Rieske center is the 250-450 cnv? region (Figure 1). These features suggest lower
relevant to its physiological function and has been characterized symmetry around the clusters than that around the {2RF*
by circular dichroism (CD), electron paramagnetic resonance (EPR), clusters of other enzymes with complete cysteinyl ligation, which
and cyclic voltammetry:814151t has been proposed that the pH typically exhibit six or seven bands under similar conditiéf.24
dependence of the clustE, is associated with protonation of the  The major variations among them are relative band positions and
two coordinate histidine imidazole ligands, although actual experi- intensities in the 258380 cnr? region, where Fe S stretching
mental evidence for this proposal is very weak, and it has been vibrations are extensively coupled to deformations of the polypep-
assumed that no structural change of the immediate clustertide backbone involving exchangeable amide groups#D) that
environment occurs even above pH72A role for the histidine extend beyond the cluster ligant#8.They reflect the differences
ligands in the pH dependence Bf, was based on the resonance in relative (3—)Fe—S' bond strengths, which are primarily defined
Raman (RR) spectral transition of the 26&74-cm* band between by extensively coupling to the surrounding protein, in the following
pH 7.3 and 10.1, which had tentatively been assigned to the putativeorder: ARF> SDX > ISP.

Fe—Nimia stretching vibrations offThermus thermophiluhigh- The larger separation of twd<p o« values for SDX (Figure S1)
potential Rieske proteitf;1” but this wasinconsistenwith recent than for ISP1® and the similar RR transitions for both proteins
5N-labeling studies on archaeal and bacterial high- and low- (A—F) demonstrate that (i) the ionizable group witk.p:in the
potential proteind? Our normal mode calculation suggests that this - archaeal and bacterial high-potential Rieske proteins influences the
band has a dominant contribution from complicated deformational visible CD transition buhot RR bands in the 258450 cnt! region,
displacements in the polypeptide backbone involving some amide indicating negligible conformational rearrangement of the immediate
groups that extend beyond the liganding residues (at least by twocluster environment around<p.x;, and (i) the large RR changes
residues). were detected at alkaline conditions near and abdtg,pfor the

Although the thermodynamic properties of several Rieske-type two high-potential Rieske proteins. The changes of some vibrational
proteins have been well-characterized using protein film voltam- modes in the 250340 cnt! region, including the 5-crt upshift
metry,"® the absence of solid spectroscopic data has precluded aof the ~270-cnt* band as previously reported f@r thermophilus
deeper understanding of the redox-linked ionization of the Rieske high-potential Rieske protei;l” provide direct spectroscopic
protein family on a structurefunction basis. We report here a  evidence for local conformational changes of the polypeptide back-
comparative study of the pH-dependent RR spectral changes of threesone near the high-potential Rieske clusters at pH near and above
Rieske proteins with different redox properties: the high-potential pKa.0xz Moreover, the marked changes of vibrational modes in the
Rieske cluster-binding domain solubilized by proteolytic cleavage 390-440 cnt! region, in which contributions of FeSP stretching
from the hydrophobic N-terminal tail (ISP) oRhodobacter  modes become dominant in the Rieske protein sysfdndicate
sphaeroidescytochromebc; complex Emacia pr = +308 mV; some modification of the geometry of the [2F2S] cluster core.
PKaox12= 7.6 £ 0.1 and 9.6+ 0.1, respectively§i® the high- For the low-potential ARF, the visible CD changes occurred

* Nippon Medical School transiently around pH 11 and eventually led to irreversible, complete

¥ Dggartment of Biochemistry, University of lllinois at Urbana-Champaign. breakdown of the cluster around pH 12 (Figure S1). The RR spectra

§ Department of Veterinary Clinical Medicine, University of lllinois at Urbana- of ARF did not change significantly at least up to pHO (G,H).

Champaign. . .
I Rikkyo (St. Paul's) University. The cluster slowly broke down irreversibly above pH 10.9, and
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‘ ' ‘ ' ' The observed differences between the high- and low-potential
R. sphaeroides ISP

2 A Rieske proteins are probably attributable to the covalent stabilization
' of two cluster-binding loops by a conserved disulfide linkage in
the high-potential proteiris;* which is absent in ARF8>23Because
the RR spectral changes (Figure 1) have frequently been invoked
to explain the redox-linked ionization of the high-potential Rieske
proteinst217 interpretation of other data, e.g., the pH-dependent
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Mossbauer parametetsis clearly warranted in the future studies.
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