Netsu Sokutei 43 (2), 66-71 (2016)

EANMNBERFTEFEICKDRIGHFD
2 Ny BIEHER DR R 5 fFET R

B R, SplE IEFC

O RYEATGERT A - SRy RIS R
I IPNE NS a2 SR (A

(ZHH 2015412 A 1 A, =2H : 201641 A 11 AH)

Time-Resolved Measurement of the Compressibility of a Protein during
a Reaction by the Pressure Variable Transient Grating Technique
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Thermodynamic parameters are fundamental quantities to characterize chemical reactions. For a long time, these parameters
have been measured only under equilibrium conditions. However, our group has developed a novel time-resolved detection method
of the thermodynamic parameters using the pulsed laser induced transient grating (TG) technique. This technique has been applied to
various photoreceptor proteins and succeeded in determining thermodynamic parameters of transient intermediates during protein
reactions, such as enthalpy change, volume change, heat capacity change, and thermal expansion coefficient change. Recently we
have developed an instrument to introduce the pressure to this powerful method and expanded its capability toward the time-resolved
detection of the ‘isothermal compressibility (fr)’, which directly reflects the structural fluctuation and hence is important in the
protein science. The fluctuation of a protein is considered to play an important role for its function and attracts much attention. Hence,
Pr of reaction intermediates can offer the direct knowledge how the fluctuation is involved in protein reactions. In this article, we
briefly review the pressure variable TG method including its principle, a specially designed optical high-pressure cell, and our recent
results on the first detection of S for intermediates of the protein reaction.
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Fig.1 Schematic illustration of the transient grating experiment.
Spatially modulated 67 along the interference pattern shown by
the dark and light color is also depicted.
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Fig.2 Schematic drawing of the high-pressure cell (top view)
(left) and the inner cell with the cell holder (right).
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Fig.3 Observed pressure dependence of the thermal grating
signal normalized by that at 0.1 MPa. Closed circles and open
diamonds correspond to pressure increasing and decreasing steps
respectively. The solid line is the calculated curve by literature.
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Fig.4 The crystal structure of TePixD decamer (upper left) and
monomer (upper right). The schematic illustration of its
photoreaction is depicted (lower). The meanings of shapes
(circles and squares) and colors are explained in the text.
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Fig.5 Pressure dependence of the TG signal of TePixD.
Pressure increases from 0.1 MPa to 200 MPa in the direction of
arrows. The expanded figure of the volume change signal is
depicted in the inset.
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Fig.6 Pressure dependence of the volume change of I, and I,
states measured from the ground state. Solid lines are fitting
curves by a quadratic function of pressure.
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Fig.7 Schematic illustration of the observed compressibility
change of I; and I, states from the ground states along the
reaction coordinate, depicted for both cases of ‘one subunit
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Fig.8 Specific volume (v) of TePixD measured at various
pressures less than 40 MPa. The solid line ‘1’ represents the
gradient in the range between 0.1 and 10 MPa, and ‘2’ represents
the one between 20 and 30 MPa. These gradients correspond to
‘K7’ at their pressure intervals.
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