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Heme-containing proteins, the heme proteins, are known to have physiologic functions in humans, mammalians,
fish, plants, and bacteria. For example, hemoglobin and myoglobin, which belong to the globin family, have been stu-
died in terms of their structures and functions with spectroscopic and mutagenic methods. Recently, a new class of heme
proteins has been discovered, referred to as gas sensors. These are heme-based sensor proteins that play important roles
in transcriptional activation, histidinekinase activities, phosphodiesterase activities, etc. CooA is a CO-sensing tran-
scriptional activator derived from the photosynthetic bacterium RAodospirillum rubrum. FixL is a rhizobial oxygen sen-
sor protein, and we have targeted Bj FixL derived from Bradyrhizobium japonicum. Dos from Escherichia coli is an
oxygen sensor protein, which senses oxygen in the heme-containing domain and induces phosphodiesterase activity in
other domains. In previous work, we studied the axial ligands and C-helix of CooA to clarify the activation mechanism.
Moreover, FixL and Dos were investigated using time-resolved spectroscopic methods. Whereas FixL has a pentacoor-
dinate heme in the ferrous deoxy form, there are a proximal histidine (His 77) and a distal methionine (Met 95) as axial
ligands to coordinate to the heme iron in EcDos. However almost all gas sensors show mono-exponential rebinding (6—7
ps), while EcDosH and full-length Dos show biexponential rebinding (7 ps and 35 ps) on the internal ligand. The results
were also supported by molecular dynamic simulation. Here we discuss recent work on gas sensors with implications
provided by our research.
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Fig. 1. Crystal Structures of Transcriptional Activators
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A: The crystal structure of Rr CooA in the ferrous state (PDB : 1FT9). Hemes, C-helices, and the DNA recognition helices were colored in dark gray. B: The
enlarged heme environment of Rr CooA in the ferrous state. Two axial ligands and a heme in the ferrous state were depicted as sticks. C: The crystal structure of Ch
Co0A in the imidazole-bound form (PDB :2FMY). The contained hemes and the DNA recognition helices were colored in dark gray. The helices were folded
toward to the heme-binding domains. D: The solved crystal structure of Catabolite gene activator protein (Cyclic AMP receptor protein) and oligo DNA complex
(PDB : 1CGP). The bound DNA was hidden in order to compare the whole structure with CooAs. The recognition helices were colored in dark gray.
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Fig. 2. Crystal Structures of Bj FixLH (PDB : 2VV7) (A) and Ec DosH (PDB: 1S67) (B)
Both axial ligand (s) and heme were depicted as sticks and colored in dark gray. Although FixLH has His 200 solely as an axial ligand, His 77 and Met 95 coor-

dinate the heme iron in the ferrous state of DosH.
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Fig. 3. Internal Ligand Rebinding in Reduced DosH
Transient spectra with different delay for WT (A) and M95H (B). C: Decay associated with spectra for the recombination phase (s) of the proteins normalized
to similar total bleaching. D: Normalized kinetics at 440 nm. Solid lines were fitted either bi- or mono-exponentially.
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Fig. 4. Proposed Schematic Model of the Interaction of External Ligands (here O,), M95 and Heme in Two Configurations under
Conditions Where External Ligands Are Present in the Heme Pocket
All drawings are based on simulated or crystal structures (PDB : 1VB6) . Thermal dissociation is indicated by wavy arrows. Interactions between O,, M95 and
heme are indicated by curved arrows. Differences in thickness of arrows qualitatively indicate differences in rates. M95, H77, and the solvent-exposed FG loop were
depicted using PYMOL.
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