Fhr (FHSE)
¥R F T
FARESODHM
FHMREDORME

AR X & H

mXEBEERR

D
&

B (E%)

LIPS

426%

Pkl 14£9H30H

HRERTRER RS FRFERR
FAARIEE 4 555 1 HEE S

Investigat

Hemeprotei

x £

ion of Ligation-Induced Structual Changes of

ns by Mid-Infrared Spectroscopy

H B ELFA

H & dul =

Bh#E &R HE XF

Bh& & [ME th=

Bh# & EE A

B #H B K Ek GEERIZFERF




MXAHABDORE

In this study the author aimed to explore structure-function relationships of
hemeproteins, whose reactions are initiated by ligation/deligation of a small molecule
to the heme, by observing mid-IR difference absorbance spectra in water suspensions.
Allostellic conformational changes of hemoglobin triggered by the ligand binding, and
protonation/deprotonation states of a carboxyl side chain in cytochrome c oxidase
which would be involved in proton translocation activity of the enzyme, were in
particular studied.

It is well known that mid-IR spectroscopy of aquous solutions is seriously by
strong absorption of a water itself. To overcome it, the author constructed sensitive
apparatus for time-resolved IR (TRIR) measurements based on a tunable diode laser
light source. For static measurements, commercially available Fourier-transform
infrared spectrophotometer were used with modifications. In addition, a simple but
new scheme for reliable static ligation-induced IR difference spectra measurement was
established.

Part I surveys infrared spectroscopy of proteins in aquous solutions, including
sensitivity and precision required wherein. The importance of the noble strategy for
measurements of ligation induced difference spectra is addressed.

Part II is devoted to measurements of static ligation-induced mid-IR difference
spectra of myoglobins in H,O and D,0. Although transient difference spectra of Mb
after photolysis of hemeCO were already examined in D,O, static difference spectra
measured in comparison to transient spectra in.those previous reports were distorted
because of technical difficulties of static measurements. In this study a reliable static
measurement scheme was established based on a sample-replacement technique in a
single fixed cell, and CO-difference mid-IR spectra in H,O as well as in D,O at ambient
temperature were successfully measured for the first time. The technique was also
applicable to other ligands e.g. NO and O, , which were so far only measured by
photolysis at low temperatures. Fully ligated minus deligated difference at ambient
condition were examined for the first time. Structural changes of protein backbone,
porphyrin associated with ligation were revealed. Those band assignments for Mb
were also useful to interpret similar hemeproteins e.g. hemoglobins.

In part III, allosteric conformational progress of hemoglobin R—T transition
after photolysis of fully CO-ligated tetramer was observed by TRIR. Sensitive
apparatus for the measurements was constructed with tunable IR diode laser as a
probe light source. Relatively slow progress corresponding R — T structural
rearrangements in temporal range of ten-microseconds were clearly observed at
several IR absorption bands, which can be ascribed to residues in a/b interfaces.
Behaviors of those bands at different pH/pD conditions consistently explained Hb

functions known as ligand affinity. Moreover, remaining difference absorption species



later than a few millisecond after photolysis was found to be due to T-state Hb, as
identified by the coincidence of the spectra to those of static complete CO-minus deoxy
difference spectra.

In Part IV, Photodissociation induced difference IR spectra of CO-ligated
bovine cytochrome c¢ oxidase was examined by static, photo-steady state and TR
measurements. Deprotonation of carboxyl side chain, presumably Asp 242, was
observed after photolysis of CO. This finding is important for the understanding of
proton translocation of the enzyme. Transient ligation of CO to CuB site was also

examined.
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