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Pressure Perturbation Calorimetry: Application to Lipid Membranes
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Pressure perturbation calorimetry (PPC) is a novel calorimetric technique which allows us to obtain information
about volumetric properties of solute molecules and colloidal particles in aqueous solutions. A PPC calorimeter has
basically the same architecture as a high-sensitivity power-compensation differential scanning calorimeter, but it can
measure the heat quantity transferred from or into a sample solution during the course of an isothermal small pressure
change by attaching an external accessary for pressure control to the calorimeter. This heat quantity can be related to the
expansion coefficient o, and thus, the temperature dependence of o can be obtained by performing PPC scans at a series
of different temperatures. This article describes the application of PPC to the investigation of volume behavior of
phospholipid bilayer membranes on the basis of our previous studies along with the general thermodynamic background
of the PPC technique. We also give a concise explanation of how to analyze the PPC data, because we modified the
conventional data analysis method to evaluate the absolute values of volume changes with bilayer phase transitions.
Keywords: pressure perturbation calorimetry (PPC), lipid membrane, volume behavior, apparent molar volume, thermal

expansivity.
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Fig.1 Schematic illustrations for the analysis of PPC data:

temperature dependence of (a) thermal expansion coefficient o2
and (b) In @2 (¢2: apparent molar volume of phospholipid). In the
case that the baseline is set by a pair of horizontal line segments,
the peak area is approximately equal to the relative volume
change AQ2/@2basebelow (Tm), which is shown by a dashed line
between the points A and B.  Temperature dependence curves of
In @2,pase,below and In @2 pase.above are also shown by dotted lines.
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Fig.2 Temperature dependence of thermal expansion coefficient
o2 (i.e., PPC curve) obtained from PPC measurements: (a) total
view of the PPC curve for DPPC; (b) magnified view of (a) to
show the variation of low-o.2 data clearly.
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Fig.3 Schematic representation of thermotropic bilayer phase
transitions for DPPC (a), DMPC (a) and DHPC (b). The ab-
breviations for each phase state are as follows: Lp": lamellar gel
phase; Lgl: interdigitated gel phase; Pp'": ripple gel phase; La:
liquid crystalline phase.
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Table 1 Volume properties of the main transition obtained from
PPC measurements.

Lipid Peak area A@2 / cm® mol™
DPPC 0.0327 = 0.00327 23.5+2.33
DMPC 0.0277 = 0.00077 18.0 £0.69
DHPC 0.0321 +0.00041 23.0+0.33
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Fig.4 Temperature dependence of In @2 (@2: apparent molar
volume) for DPPC (curve 1), DMPC (curve 2) and DHPC (curve
3) in bilayer membrane. These curves were obtained from the
repeating calculation using Eq.(17). Symbols (o) indicate the
data obtained from density measurements.
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Table 2 Numerical data of apparent molar volumes at
different temperatures.

@2/ cm? mol™!

Temp.

DPPC DHPC
20 °C 692.5 (688.9)* 684.7 (677.4)°
37°C 706.3 (709.4)° 698.5 (697.3)°
45°C 738.9 (736.5)° 728.0 (734.6)°
48 °C 741.9 ) 731.6 (736.5)*
50 °C 743.7 (740.1)* 732.8 (—)

Values in parentheses are taken from literature:
*Guler et al. (2009)'D, *Laggner et al. (1987)'.
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