ANALYTICAL BIOCHEMISTRY 128, 1-6 (1983)

The Measurement of the Kinetics of Lipid Phase Transitions:
A Volume-Perturbation Kinetic Calorimeter’
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A volume-perturbation kinetic calorimeter to be used to study membrane phase transitions
in lipid vesicles has been developed. In this instrument, the voltage-dependent extension of a
stack of piezoelectric crystals is used to force the solution being studied to undergo a small
adiabatic bidirectional volume change. This volume change induces a shift in the equilibrium
position of the lipid gel to liquid-crystalline transition. The time course of the relaxation to the
new equilibrium position is then monitored by observing the induced temperature and pressure

changes as a function of time.
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The traditional methods used to determine
kinetic parameters associated with reacting
systems at equilibrium include perturbation
techniques (e.g., temperature and pressure
variation and stopped-flow methods). The re-
sulting temporal change in the equilibrium
position is then monitored, generally using an
optical observable. In some biochemical sys-
~ tems such as nucleic acids and proteins, such
approaches have been successfully employed.
But in the case of phospholipid systems, suc-
cess has been limited principally because of
the lack of a sensitive natural optical observ-
able and the possible existence of multiple
relaxation processes. For example, the kinet-
ics of the main transition in dimyristoyl
and dipalmitoylphosphatidylcholine disper-
sions have been studied using the temperature
jump technique and monitoring changes in
turbidity. The relaxation phenomena are
complex and indicate at least two relaxations,
one in the 1-s and one in the 0.01-s range (1).
The scanning-rate dependence of the appar-
ent melting temperature as observed using
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changes in the fluorescence has been used to
determine the kinetics of the pretransition of
dimyristoyl liposomes and indicates a process
on the order of 5 min (2). Insofar as the ki-
netics of these phaselike transitions in lipids
and biological membranes may be of physi-
ological importance, we have approached the
problem with the point in mind that the data
obtained for such a transition should, in prin-
ciple, provide us with a broad spectrum of
kinetic information and at the same time yield
thermodynamic information which can be
compared with such information obtained by
conventional calorimetric techniques. To-
ward this end we have constructed a volume-
perturbation instrument based on the original
design of Clegg et al. (3), as modified by Hal-
vorson (4), and use the induced temperature
and pressure changes in the system as a mon-
itor of temporal changes in the equilibrium
state of the system.

DESCRIPTION OF THE APPARATUS

This instrument functions by forcing a so-
lution of lipids or biological membranes to
undergo an adiabatic volume change. This
volume change shifts the equilibrium point of
the gel to liquid—crystalline transition due to
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