Heme Axial Methionine Fluxion in Cytochromes ¢
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Ferricytochromes c., from Nitrosomonas europaea (Ne cyt css,) and Hydrogenobacter
thermophilus (Ht cyt css,) are unusual for dlsplaylng low rhombicity as reflected by a highly
compressed range of heme substituent hyperflne H NMR shifts (< 10 ppm, compared to > 20 ppm
for typical cyts ¢), low Ay, determined from 'H NMR pseudocontact shifts, and “high g_ >~ EPR
spectra (1-3). Typically, cyts ¢ with His-Met heme axial ligation display have thombic symmetry at
the heme as a result of the interactions of the axial ligands with the heme iron. It has been
demonstrated that the unusual properties of Ht and Ne cyts c5, result from fluxionality of the heme
axial Met, which results in averaging of two “rhombic” forms to give an “axial” form of cyt ¢ (4,
5). The proposed motion is non-dissociative inversion through sulfur, occurring on the us time
scale. In Ht cyt cs,, this motion has been halted by mutation of a heme pocket Gln to Asn, yielding
Ht Q64N. This mutant has a hyperfine-shifted '"H NMR spectrum and heme pocket structure
strikingly similar to Pseudomonas aeruginosa cytochrome css, (Pa cyt cs5,), a structurally
homologous cyt ¢ that has a fixed axial ligand orientation and rhombicity typical of cyts ¢ (6).
Structural analysis reveals that this mutation promotes hydrogen bonding in the heme pocket and
blocks motion of the axial Met. Subsequently, it has been demonstrated that performing the
complementary Asn-to-Gln mutation in Pa cyt c,5, (yielding Pa N64Q) induces axial ligand
fluxion. Interestingly, Pa N64Q is stabilized (AT, ~ +8°C) relative to wild-type, and analysis of
unfolding thermodynamics reveals that the stabilization is entirely entropic in nature. It is thus
proposed that Met fluxion and release of residue 64 from constraints in the heme pocket increase
folded state entropy, stabilizing the protein. Further analysis of cyt ¢ heme pocket mutants suggests
that axial Met fluxion will occur given enough space in the heme pocket.
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