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Biological context

Cytochromeesss is a well-established electron media-
tor between the last two complexes of tP@racoccus
denitrificansrespiratory chain, the cytochromntee;
complex and theaag-type cytochromes oxidase. It
contains a covalently bound heme moiety, with the
iron atom alternating between oxidation states 2
(diamagnetic) and -8 (paramagnetic) during its re-
dox cycle. The iron is octahedrally coordinated by
six ligands, the axial ones being a histidine and a
methionine.

The structural aspects of cytochrontesave been
extensively studied. Several NMR solution structures
of different cytochromeg are known to date (e.g.:
Baistrocchi et al., 1996; Qi et al., 1996; Hasegawa
etal., 1998). Until now, howevel?C/*°N-enrichment
has been reported only for cytochrorag (Caffrey
et al., 1994) and cytochrom& from Rhodobacter
capsulatus(Caffrey et al., 1995), and hiobacillus
versutugerrocytochromesso (Ubbink et al., 1996).

We are interested in studying the molecular in-
teractions and electron-transfer reactionsPofleni-
trificans cytochromecss; (cyt 652 in the following)
with its redox partners. However, unlike in mitochon-
dria, thiscyt o552 is @ membrane-bound protein. We

fragment, which shows electron-transfer activity, is
obtained in yields high enough to allow isotopic la-
belling. In order to determine the solution structure of
cyt a5z, we have produced bottPN- and 13C/A5N-
labelled protein. This has now led to the first complete
sequence-specific assignment of cytochram in

the reduced state.

Methods and results

The soluble functional domain afyt o52 was ex-
pressed and purified as described earlier (Reincke
et al., 1999). Fof3C- and/or'®N-labelling, the cells
were grown in several 100 ml batches of Bioexpress-
1000 medium (Cambridge Isotope Laboratories) in
order to achieve maximum protein yield.

The NMR samples were prepared in argon-purged
phosphate buffer (20 mM, pH 6.0:208:D,0 = 90:10,
v/v) at protein concentrations ranging between 1.5 and
4 mM. Sodium dithionite in small excess was used for
reduction, which caused the pH in the solution to drop
by 0.5 units. All NMR experiments were recorded
at 298 K on Bruker DMX spectrometers operating at
1H resonance frequencies of 499.87 and 600.13 MHz.
All 3D experiments made use of pulsed field gradi-

have recently been able to express a soluble fragmentents for coherence selection and artifact suppression,

(10.5 kDa) containing the functional domain of this
cytochrome inE. coli (Reincke et al., 1999). This
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and utilized gradient sensitivity enhancement schemes
wherever appropriate (Muhandiram and Kay, 1994).
Quadrature detection in the indirectly detected dimen-
sions was obtained either by the States-TPPI or by
the echo/antiecho method. Chemical shifts were refer-
enced to internal DSS (Wishart et al., 1995) to ensure
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Figure 1. 1H-15N-HSQC spectrum ¥H resonance frequency
600.13 MHz, 298 K, pH 5.5) of the functional domaindracoc-

cus denitrificansytochromecss in the reduced state. Signals from
side-chain amide groups are denoted with ‘sc’; in case of Arg and
His residues these peaks are folded (f).

protons gave additional valuable information about
carbon resonances of both the protein and the heme
moiety.

Extent of assignments and data deposition

All 1H, 15N and 13C backbone and side-chain res-
onances ofcyt o;52 in the reduced state have been
assigned (at pH 5.5 and 298 K), except for several
side-chain carbonyl carbon atoms. Due to ring-current
effects, especially from the heme moiety, many very
unusual chemical shift values have been observed,
such as 4.50 ppm for the Gly82 amide proton, as
seen in the upper right corner of thel-1>N-HSQC
spectrum (Figure 1). The sequence-specific assign-
ment has been deposited in the BioMagResBank
(http://www.bmrb.wisc.edu) database under accession
number BMRB-4471.
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