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The structure, dynamics, and reaction of solutions with nano-scale inhomogeneity and/or with fi ne tunability are 
 investigated by computer simulation, and statistical-mechanical theory of solutions, NMR spectroscopy, and vibrational 
spectroscopy. Solvation is systematically elucidated for ionic liquids and supercritical fl uids from both the static and 
 dynamic viewpoints, and noncatalytic reactions of environmental importance are developed. The structural organization 
and fl uctuation and the molecular binding are investigated for soft, self-organizing systems such as micelle, protein, and 
lipid membrane.
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Free-Energy Analysis of the Confi guration of 
Transmembrane Protein in Model Membrane

The configuration of a protein molecule in lipid- 
membrane environment plays important roles in the 
functions of bio-related membranes and the elaboration of 
drug-delivery systems. In the present work, we examine 
two contrast confi gurations of a transmembrane protein in 
a model membrane system. The purpose is to elucidate the 
factor to control the preferred confi guration at atomic 
resolution. In the fi rst confi guration called the vertical 
confi guration, the protein stays in the direction normal to 
the membrane surface, and in the second one called the 
horizontal confi guration, it is buried in the membrane 
core, as shown in Figure 1. We investigate the effects of 
the different confi gurations in membrane by performing 
structural and free-energy analysis to reveal the roles of 
lipid and water.

The transmembrane protein employed in the present 
work is the transmembrane domain of glycophorin-A. It 
consists of the residues 73-95 of glycophorin-A, and holds 
the α-helical structure. The lipid molecule used is DMPC. 
The free-energy analysis was carried out using the method 
of energy representation.

The free-energy change of the protein binding into the 
membrane from vacuum is -133 kcal/mol for the vertical 
confi guration and is -113 kcal/mol for the horizontal. The 
binding free energy is more favorable for the vertical 
configuration. The free-energy decomposition into the 
contributions from lipid and water shows that the lipid 
contribution is more favorable for the horizontal confi gu-
ration. This is in agreement with the common notion of 
hydrophobicity. The water effect overturns the lipid one to 
stabilize the vertical confi guration. Actually, the difference 
in the attractive interactions between the two confi gura-
tions is by far larger for the protein-water interaction than 
for the protein-DMPC, and leads to the preference of the 
vertical confi guration.

Slow Rotational Dynamics in Ionic Liquids

Ionic liquids are organic molten salts which are in the
liquid state at ambient temperature. Ionic liquids are often
in the deeply super-cooled liquid state at room tempera-
ture and show a glass transition at lower temperatures.
They have very high viscosity compared with common
organic solvents (~100-fold even above the melting point)
as a reflection of the strong Coulombic interactions
 between the positive and negative charges. The dynamics
in ionic liquids is bimodal in the sense that the short-time
local dynamics and the long-range slow dynamics are
both signifi cant.

The MD simulation was performed on the 248 ion pairs
of [bmim+][Cl−] (the ionic liquid, 1-butyl-3-methylimid-
azolium chloride) with 8 water or benzene molecules. The
initial confi guration (NaCl-type lattice) was equilibrated 
in the NPT ensemble and then the trajectory was generated T
in the NVT ensemble. Several system temperatures wereT
investigated in the range of 323-1250 K to analyze the
temperature effect on the slow component of the rotational
dynamics of the solutes.

The second-order rotational correlation function C2CC (t)
of the C-H bond of benzene in [bmim+][Cl−] is shown in
Figure 2 at several temperatures. The functional form of 
C2CC (t) at 323 K is far from exponential and is well fi tted by
the stretched exponential (linear function in the log t vst
log(-log C2CC (t)) plot) in the sub-ns time region. This is a
glassy characteristic. The stretched exponential behavior 
is persistent above ~500 K (the decomposition tempera-
ture of ionic liquids in the real system). The crossover 
from the Gaussian-type relaxation in the short time region
to the stretched-exponential type in the long time region is
observed at ~1 ps.

Figure 1. The vertical (left) and horizontal (right) confi gurations of the 
23-residue protein in DMPC membrane system.

Figure 2. The second-
order rotational correla-
tion function of benzene 
in [bmim+][Cl−] on the
logarithmic time scale.
The temperatures are
1250, 1000, 750, 500,
400, and 323 K from
top to bottom. The linear 
scale plot is shown in the 
inset.

Wakai C, NMR Study on Dynamics of Water Molecule, 
Organic Molecules, and Ions in Ionic Liquids, Grant-in-

Aid for Scientifi c Research on Priority Areas, 1 April
2006–31 March 2010.




