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A Functional Principle of Allosteric Regutlation of PAS Sensor Proteins: Measurements and Creation
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‘The aim of this thesis is to reveal the allosteric regulatory mechanism of PAS kinases. To achieve this goal. firstly, we
focused on the regulatory mechanism of a heme-containing PAS sensor kinase FixL. The advantages of this protein is that (1)
the ligand binding states are casy to determine using visible absorption spectra. since the ligand binds to heme, (2) erystal
structural data is available for the truncated sensor domain of FixL. and (3) functional activity of FixL is easy to
quamtitatively determine by Phos-tag SDS-PAGE assay. The powerful methodology to observe protein structural changes is
resonance Raman spectroscopy. The combination of these structural and lunctional measurements cnabled us to discuss
allosteric structural changes related to the kinase regulation. In order to verily this regulatory mechanism of FixL is
commonly used among PAS kinases, | designed chimera proteins. which consists of PAS sensor domain and the kinase
domain of FixL. This protein was succeeded to regulate its kinase activity upon redox staics instead of FixL-like oxygen (O2)
binding states. The allosteric regulatory mechanism of this chimeric protein have been measured and compared with that of a
natural protein FixL. By examining whether these two proteins have the similar allosteric regulatory mechanism or not.
versatility of the mechanism among PAS sensor kinases is discussed. Finally. [ proposed an allosteric regulatory model as a
functional principle ol allosteric regulatory mechanism of PAS sensor kinases.

In Chapter 1, existing allosteric regulatory modcls were explained. Although allesteric mechanisms of individual
proteins have been investigated so far, there are few systematic studies of them. Thus, it would be a huge challenge to find
the principle of allosteric regulatory mechanism of protein. Principles of Raman spectroscopy and the materials and methads
are described in Chapter 2 and 3. respectively. In Chapter 4, we investigated the mechanism of an Qs-dependent kinase
protein FixL. We have found that Tyr201 on the C-terminal side of the Fu helix undergoes a large structural change upon O2
dissociation. Furthermore. we showed that this structural change was involving to the kinase inhibition of FixL. In Chapter 3.
atlosteric dynamics of FixL were investigated. The time-resolved resonance Raman measurements suggesled that the part of
the sensor domain and the part of the kinase domain of FixL. concertedly undergoes structural changes upon Oz dissociation.
It is noteworthy 10 mention that the structural changes are not transmitted domain by domain, butl are {ransmitted by
undergoing global structural changes across the tweo domain. In such a way. the allosteric regulation was achieved. From this
study, it was found that among the three Tyr residues in the kinase domain of FixL. only the time constant of Tyrd96 is one
order of magnitude larger. In Chapter 6, | designed a chimeric redox-dependent sensor kinase protein and investigated the
structure and structural changes of the chimeric protein, and its kinase activity. The chimeric protein has many structural
similarities with FixL. By comparing the allosteric regulatory mechanism of the chimeric protein with that of Fixl.. we
verified that the allosteric regulatory mechanism of FixL is applicable not only for FixL but also for another protein. The
Kinase assay revealed that the chimeric protein activate its kinase activity in the deoxy form, while inactivate in the met form.
The resonance Raman structural measurements of the chimeric protein showed that the structural changes of the Tyr residues
in the kinase domain are similar with that of FixL. By considering the changes of the Raman bands. it was suggested that the
increase in the fluctuation on the distal side of the sensor domain was transferred to the kinase domain to increase its
fluctuation to activate the kinase activity. Since this allosteric reguiatory mechanism were obscrved not only in Fixl but also
in the chimerie protein, it is expected that this regulatory mechanism is applicable to other PAS family. and provide the

guidelines on the design of allosterically controliable proteins.
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