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Calorimetric Investigations of Phase Transitions of Sonicated Vesicles of
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The process of transformation of a large multilamellar vesicle (MLV) composed of dimyristoylphosphati-
dylcholine (DMPC) into a small unilamellar vesicle (SUV) brought about by ultrasonic irradiation was calo-
rimetrically investigated. It was found that the final state of SUV is attained by way of a large vesicle of
unilamellar-like packing, which appears with an increase in length of the irradiation. Representative three types
of vesicles of different sizes and lamellar multiplicities, i.e., sonicated SUV, sonicated large unilamellar-like
vesicle, and unsonicated MLV, showed a characteristic thermotropic behavior of the phase transition of the gel
to liquid crystal (Tm transition). The enthalpy and entropy changes, and also the transition temperature associated
with the Tm transition increased in the order SUV < large unilamellar-like vesicle < MLV. Furthermore, the
annealing treatment at approximately —5°C caused the SUV to transform finally into a vesicle of multilamellar
packing by way of the large unilamellar-like vesicle. The schematic diagram of Gibbs energy (G)-vs-temperature
(T) curves for the gel phase were revealed to lower in the order SUV < large unilamellar-like vesicle < MLV,
similar to the enthalpy (H)-vs-temperature (T) curves for this phase. This fact indicated that DMPC vesicles
are thermodynamically stabilized by the enthalpy effect resulting from a closely packed aggregation of the lipid

molecules.
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Fig. 1 Variation with increase in time length of ultrasonic

irradiation of gel-to-liquid crystal phase transition
of multilamellar vesicle of DMPC. Apparent,
excess heat capacity (ACp) per 1 mole of DMPC is
plotted as a function of temperature (¢). Irradiation
time (min): (a) 0; (b) 15; (¢) 35; (d) 60; (e) 90. (c")
in this figure presents thermotropic behavior of
sonicated, large vesicle of unilamellar-like packing
(LUV-like vesicle) prepared by ultrasonic irradia-
tion of minimum power of ~13 W and bath tem-
perature of 11~13°C below the Tp transition tem-
perature (see 3.1.3).
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Fig. 2

D

Negative stain electron micrographs of DMPC vesicles: (A) Sonicated, LUV-

like vesicles; (B) Enlarged micrograph of Fig. 2(A); (C) Sonicated, small
vesicles; (D) Vesicle sample finally attained by anneating of ~30 days at ~-5°C.
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Fig. 3 Variation with increase in power of ultrasonic ir-
radiation of gel-to-liquid crystal phase transition of
multilamellar vesicles of DMPC. Apparent, excess
heat capacity (ACp) per 1 mole of DMPC is plotted
as a function of temperature (¢). Irradiation power
(W): (a) 13; (b) 25; (c) 60.
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Fig. 4 Size distribution of sonicated, LUV-like vesicles of

DMPC, obtained by counting ~200 vesicles in
negative stain electron micrograph. Frequency,
fiZfi (=200), is plotted as a function of the vesicle
diameter.
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Fig. S Effect of repeated calorimetric cooling (<) and

heating (—) scans on gel-to-liquid crystal phase
transition of sonicated small vesicles of DMPC.
Apparent, excess heat capacity (ACp) per 1 mole of
DMPC is ‘plotted as a function of temperature (¢).
Repeated scan number: (a) 1; (b) 2; (¢) 5; (d) 10;
(e) 15.
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Fig. 6 Variation with increase in time length of annealing
at ~—5°C of gel-to-liquid crystal phase transition
of sonicated, small vesicle. Apparent, excess heat
capacity (ACp) is plotted as a function of tempera-
ture (#). Annealing time (day): (a) 0; (b) 10; (c) 20;
(d) 30.
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Fig. 7 Comparison of thermotropic behaviors of soni-
cated, small vesicles of DMPC: (a) immediately

after preparation; and (b) after annealing of 4 days
at 40°C. Both curves were obtained in cooling
scans. Apparent, excess heat capacity (ACp) is
plotted as a function of temperature (¢).
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Fig. 8 Fluorescence anisotropies (rs) of DPH solubilized
in the hydrophobic core of lipid membranes of
SUV (-~—) and LUV-like vesicle (—) (at the right-
hand side) are compared with enthalpy (H) curves
for both vesicles obtained by integrating ACp~t

curves shown in Fig. 9a and b, respectively (at the
left-hand side).
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Table 1 Transition temperatures (tm), enthalpy (AH) and
entropy (AS) changes, and also cooperative units
associated with the phase transition of gel-to-
liquid crystal (Tm transition) for sonicated SUV,
sonicated LUV-like vesicle, and MLV composed
of DMPC. Cooperative unit was given by a ratio
of van’t Hoff enthalpy change (AHvn) to calori-
metric enthalpy change (AH) shown in this Table.
All thermal data were obtained from Fig. 9.

#

SuUvV LUV MLV
tm
C 19.5 25.0 254
A
——I_I—-—:l' 4.5 5.2 6.7
kcal* mol
__AS 15.4 17.4 224
cal*K +mol
AH.u/AH 24 55 369
1 calth (4.184])
3t a
21
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Fig. 9 Comparison of thermotropic behaviors of the Tm
transition of sonicated SUV (a), sonicated LUV-
like vesicle (b), and MLV (c) composed of DMPC.
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Fig. 10 Relationship between schematic diagrams of G-t
(above) and H-t (below) curves of sonicated SUV
(I), sonicated LUV-like vesicle (II), and MLV (III)
composed of DMPC. tm represents the temperature
of phase transition of gel to liquid crystal. AH
presents enthalpy change associated with the Tm
transition.
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