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Abstract of Thesis

Cooperativity arising from the coupling between domains is essential for the protein functionality. Although the
cooperativity in the oxygen affinity of hemoglobin has been extensively studied, the cooperativity in the
structural dynamics of hemoglobins remains poorly understood. In this thesis, we study the structural dynamics
of homodimeric hemoglobin (HbI, Figure 1A) and heterotetrameric hemoglobin (HbII, Figure 1B) from
Scapharca inaequivalvis following carbon monoxide (CO) photodissociation using time-resolved resonance

Raman spectroscopy. (A)

HbI is a homodimeric protein that serves

as a minimal cooperative system. Due to g"“s“’f OCO
+ Heme

the absence of heterotropic effects, HbI
&N;H Histidine

is an ideal model for studying the L

cooperativity in structural dynamics

involving the number of dissociated

Hbl subunit

ligands. We investigated the structural  Figyre 1. (A) Structure of HbI. (B) Structure of HbIL. (C) Scheme
changes in the Fe—proximal histidine

of the disruption of the heme—globin covalent linkage of HbI.

bond, the position of the heme within the

pocket, and the hydrogen bonds between heme and interfacial water within the same time regime following
ligand dissociation. The singly and doubly dissociated species exhibited similar structural changes, but at
different rates. The rates of the observed structural changes indicated that they occurred synchronously with
subunit rotation and are influenced by intersubunit coupling, which underlies the positive cooperativity of HbI.
HbII consists of two AB-dimers, whose structure closely resembles that of HbI. Therefore, HbII is a more
complicated system for studying cooperativity in a more advanced stage. The observed spectral changes showed
that the heme structure of the transient dissociated form of HbII was similar to that of HbI; however, the
transition from the transient dissociated form to the equilibrium unligated form was faster for HbII than that
for HbI. Additionally, the transition rate of HbII increased as the number of dissociated ligands increasing from
one to four. The positive correlation between the rate constants and number of dissociated ligands indicates that
the structural transition of HbII following CO dissociation is cooperative.

The covalent linkage between heme and the proximal histidine residue is highly conserved among diverse
hemoglobins. In our third study, we revealed the effects of this linkage on the structural dynamics of Hbl. We
designed a mutant with exogenous imidazole, disrupting the covalent connection between the heme proximal
ligand and the peptide chain, to mimic the protein without the covalent linkage (Figure 1C). The structural
dynamics following CO photodissociation suggested that the rearrangements of the intersubunit interactions of
HbI were conserved in the mutant. In contrast to the one-phase relaxation of wild-type HbI, the mutant
exhibited two-phase relaxation. Moreover, the cooperativity in dynamics observed in the HbI H101G mutant
indicated that the coupling between the two binding sites involves both the interactions through the peptide
chains and the direct communication between the two heme groups.

In summary, our studies revealed the intersubunit coupling in the structural dynamics of Hbl and HbII. The
cooperativity in the dynamics of Hbl and HbII dimer involves various interactions, including intersubunit
assemblies and heme-globin covalent linkage. These studies help further characterize the protein dynamics

regulating the cooperativity mechanism of hemoglobins composed of globin-folded subunits.
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