JIAIC[S

COMMUNICATIONS

Published on Web 10/09/2004

Orientation-Selected '>N-HYSCORE Detection of Weakly Coupled Nitrogens
around the Archaeal Rieske [2Fe —2S] Center

Toshio lwasaki,*T Asako Kounosu,™ Taketoshi Uzawa,* Rimma |I. Samoilova,$ and
Sergei A. Dikanov*!

Department of Biochemistry and Molecular Biology, Nippon Medical School, Sendagi, Bunkyo-ku, Tokyo 113-8602,
Japan, Department of Natural Science, Osaka Kyoiku Eiisity, Osaka 582-8582, Japan, Institute of Chemical
Kinetics and Combustion, Russian Academy of Sciencasmysiirsk 630090, Russia, and Department of Veterinary
Clinical Medicine, Uniersity of lllinois at Urbana-Champaign, Urbana, lllinois 61801

Received July 8, 2004; E-mail: tiwasaki@nms.ac.jp; dikanov@uiuc.edu

Proteins containing Rieske-type [2FBS] clusters with two
histidyl and two cysteinyl ligands play important roles in many
biological electron-transfer reactions such as aerobic respiration,
photosynthesis, and biodegradation of various alkene and aromatic
compounds$: The distinct biological function of this protein family
is in part associated with the cluster redox potential, for which its
rough correlation with the number of hydrogen bonds to the cluster
has been proposéd’

In the cytochroméc,/bef family, a high-potential Rieske protein
constitutes a high-potential electron-transfer fragment of the

bifurcated mechanism at the quinol-oxidiziQg site*8 The energy F2: D o

released from the electron-transfer reaction is captured in the form :':"‘] D 25

of a transmembrane electrochemical proton gradient, which is then f ¢ s Ny N, 20

used for energy-requiring processes such as ATP synthesis, ion I 4 s R -\

transport, and flagellar movement in the cells. | {0 N O A \ 10
In the catalytic quinol oxidation at th@, site, extraction of a "M lo.s “(H) 0

proton, as well as an electron, from bound quinol to the Rieske Y e T i
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protein is a crucial step, and th&pvalues of the Nof the terminal ) - )
histidyl ligands of the high-potential Rieske proteins may be of Figure 1. Typical **N-HYSCORE spectrum of the uniformfyN-labeled

. L . SDX recorded neagy (top). Magnetic field, 386 mTg = 1.796);7 = 136
particular mechanistic importance in the coupled electyamoton ns; microwave frequency, 9.7015 GHz. The contour presentations of the

transfer in the cytochromedcy/bef family.*® However, since weakly coupled'>N cross-peaks in thet(+) quadrant neagy (magnetic
spectroscopic techniques for the specific characterization of the N field 386 mT,g = 1.796;7 = 136 ns; left) andy, (magnetic field 344.5

and peptide nitrogens are very limité8jt has not directly been mT, g = 2.012;7 = 136 ns; right) are also shown (bottom).
addressed experimentally how electron transfer is coupled to proton
transfer at the Rieske center to initiate Qg site catalysis.

Toward deeper mechanistic understanding of the coupled electron
proton transfer event of the biological iresulfur cluster system,
we have employed X-band one- and two-dimensiéfidlelectron
spin—echo envelope modulation (ESEEM) techniques to character-
ize bacterial cytochrombc, complex (with natural abundance of
nitrogen, 99.63% of*N) in complex with bound quinol and various
inhibitory Q, site occupant¥? This study was based on the analysis
of the ESEEM from two coordinatetN, of the histidyl ligands
that dominantly contribute to the spectra. Other weakly coupled
nitrogens around cluster, i.e.. Bnd peptide nitrogens, did not show
readily recognizable lines in the spectra, due to the influence of
nuclear quadrupole interaction requiring special relations between
nuclear Zeeman frequency and hyperfine couplingonsequently,
no quantitative information about these weakly coupled nitrogens
has previously been reported for the Rieske protein system with
natural abundance of nitrogéh!2-15

Belonging to the high-potential class of the Rieske protein family,
a new tractable model protein of interest is the hyperthermostable
archaeal sulredoxin (SDX) fronBulfolobus tokodaiistrain 7

(Emacid pn ~ +190 mV), which is weakly homologous to the
extrinsic cluster-binding domain of cytochrong-associated, high-
potential Rieske proteins (DDBJ accession number, AB023295%
Recombinant SDX has been overproduce&scherichia coliand
can be obtained in appropriate forms for isotope labeling, site-
directed mutagenesis, crystallization, and various spectroscopic
analyses$:1>18.1%Here, we report the orientation-selected hyperfine
sublevel correlation spectroscopic (HYSCORE) analysis of the
uniformly *N-labeled, archaeal SDX (prepared as reported previ-
ously)18 with the specific aim to detect and characterize weakly
coupled >N, and peptide!®™N, in the immediate Rieske cluster
environment without any interference from other redox centers
nearby. This sample is particularly suitable for the ESEEM analysis
of the weakly coupled nitrogens becad&s does not possess the
quadrupole moment.

Dithionite-reduced Rieske [2F€S] center intSN-SDX shows
a rhombic EPR spectrungf,x = 2.008, 1.91, 1.79%*6HYSCORE
spectra measured at different points of the EPR line contain the
cross-features produced by different types of nitrogens (Figure 1).
In the (+—) quadrant, two pairs of cross-peaks with a contour
parallel to the diagonal are detected, which are attributed to the
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the axial approximation cd = 6.0 andT = 1.2 MHz for Ns1, and 14N ESEEM spectra of the cognate natural abundance pidtsn

a= 7.8 MHz andT = 1.3 MHz for Ns2 in 1>N-SDX. These tensors  well as many other biological metal centers and clusters. Thus, the

are very similar to those reported for other Rieske-type proteins HYSCORE experiment with®N-labeled proteins can offer a new

by the orientation-selecte®N Q-band electrornuclear double practical tool, applicable for the detailed structure-mechanism

resonance (ENDORL studies of a wide range of the biological redox protein system
Of particular interest in the HYSCORE spectra'®fl-SDX is involving these nitrogens. Among the particular instances are the

the (++) quadrant, in which two superimposed but well-resolved quantitative and mechanistic investigation of histidinedfl 15N-

pairs of the cross-features are clearly detected at (2.2, 1.1) MHzlabeled Rieske proteins in context of tii-site catalysis of the

(Np) and (1.9, 1.5) MHz (1Y neargy, with the splittings of 1.1 and cytochromebcy/bgf family,810 and probing the peptide backbone

0.4 MHz, respectively, and at (2.04, 0.97) MHz JNnd (1.63, 5Np involved in hydrogen bonding network around Rieske-type

1.38) MHz (N)) nearg,, with the splittings of 1.07 and 0.25 MHz,  proteins with different redox potentigfs.

respectively (Figure 1). These features are centered symmetrically

around the diagonal point with"N Zeeman frequency and are

attributed to weakly couple®¥N in the immediate cluster environ-

ment. They were also observed in the HY SCORE spectra recorded

at some intermediate field positions as well as mgandg, (Figure

1, bottom), indicating their predominantly isotropic character as a
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