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Abstract

It is frequently observed that the interaction of human serum albumin (HSA) with different lipid membranes may
affect molecular transport both in vivo and in vitro experiments. There was a lack of consensus however in the
interpretation of results. Earlier studies on the serum albumin membrane association had different conclusions
depending on the source of protein, the preparation and the composition of the membranes applied. In this work the
change of heat capacity, a sensitive parameter of the interacting system, is compared for uni- and multilamellar
liposomes (dimyristoyl-phosphatidylcoline/dimyristoyl-phosphatidylglycerol) at 0, 1 x 1073, 8 x 1073, 1.2 x 102
and 3.3 x 10 ~2 HSA-lipid ratios. The thermal properties of the sonicated and vortexed liposomes show remarkable
differences. The presence of HSA in both types of liposomes also modified their thermal properties, providing clear
evidence for protein—vesicle interaction, different in the uni- and multilamellar liposomes. In the case of unilamellar
liposomes, two additional transitions were observed at lower temperature, independently of the HSA -lipid ratio, and
the protein binding mode to smaller or larger sized liposomes was also distinguishable. The addition of HSA to the
multilamellar liposomes resulted in an increase of the pretransition temperature only at the higher HSA-lipid ratio,
but the main transition temperature was not affected. © 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

Distribution of mesoporphyrin and magnesium-
mesoporphyrin  between human serum albu-
min (HSA) and small unilamellar liposomes

Abbreviations: DMPC, 1,2-dimyristoyl-sn-glycero-3-phos-
phatidylcoline; DMPG, 1,2-dimyristoyl-sn-glycero-3-phos-
phatidylglycerol; DSC, differential scanning calorimetry; HSA,
human serum albumin; LUV, large unilamellar vesicle; MLV,

multilamellar vesicle; SUV, small unilamellar vesicle; T1/2,
width of the half- maximum of the main phase transition peak;
Tm, main thermal transition temperature; Tp, pretransition
temperature.
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(SUV) composed of dimyristoyl-phosphatidylcol-
ine—dimyristoyl-phosphatidylglycerol ~ (DMPC/
DMPG) 19/1 was found different as we recently
reported (Bardos-Nagy et al., 1998). We proposed
that a plausible reason for this observation was
that the HSA interacted with liposomes, which
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mostly took place in the surface region of the
vesicles.

The effect of albumin or other serum compo-
nents on the result of experiment carried out in
the presence of serum is frequently referred in
literature. When for example liposomes are used
as carriers to introduce certain substances into
cells, the entrapped substance may be rapidly lost
after intravenous injection because of the interac-
tion of serum components with the liposomes
(Scherphof et al., 1978; Liu et al., 1990; Jones and
Nicholas, 1991; Chonn et al., 1991). For this
reason care was taken to protect the liposomes
against serum components by using appropriate
modifications of their composition and structure
(van-Borssum-Waalkes et al., 1993; Hernandez-
Caselles et al., 1993; Jizomoto et al., 1994; Mer-
cadal et al., 1995). However, in the case of in vivo
and in vitro experiments not only the liposomes
but also the cellular surface as well as the proper-
ties of the cell lines may be affected by serum
constituents, either intrinsic or added to the cul-
ture medium for optimal growth and mainte-
nance. Since liposomal transport of the
incorporated substances into the cells may take
place in many ways, such as by intermembrane
transfer, contact release, adsorption, fusion, or
phagocytosis—endocytosis (New et al., 1990), the
uptake of the carried molecules by the cells may
be influenced in the presence of serum compo-
nents (Zborowski et al.,, 1977, Hoekstra and
Scherphof, 1979). Taking into account that the
serum contains transport proteins (such as albu-
min), this raises the question as to whether the
interaction of the liposome- or the cell membrane
with the serum transport proteins is also involved
in the transport and uptake mechanisms, i.e.
whether this interaction influences the transport
properties of the serum protein.

The above considerations prompted extensive
investigation of albumin-liposome complexes with
a view of generating a model for albumin-cell
interactions as well. In the literature, the binding
of serum albumin to liposomes is mostly focused
on the study of bovine serum albumin (Sweet and
Zull, 1969; Juliano et al., 1971; Lis et al., 1976;
Jonas, 1976; Zborowski et al., 1977; Hoekstra and
Scherphof, 1979; Daniels et al., 1985; Law et al.,

1986, 1988, 1994). However no general consensus
seems to be emerging as reports attest both to the
binding and to non-binding of albumin to lipo-
somes (see discussion below). A review of avail-
able experimental data suggests that results
depend on lipid composition, preparation
method, and also on experimental conditions such
as pH, temperature, albumin—lipid molar ratio, as
well as on chemical conditions including the ho-
mogeneity and the source of the protein. A rein-
vestigation of the albumin-liposome interaction
was accordingly felt warranted.

In this work, we focus our attention on the
interaction of HSA with the lipid membrane using
differential scanning calorimetry (DSC), to study
the thermodynamic characteristics and dynamic
light scattering to investigate the aggregation and
the fusion of liposomes. Until now, mi-
crocalorimetry has not yet been applied to the
study of the binding of albumins to liposome, but
it could be successfully used to qualify the phos-
pholipid vesicles and their changes (Biltonen and
Lichtenberg, 1993).

2. Materials and methods
2.1. Sample preparation

DMPC, DMPG and 1 x crystallized and
lyophilized HSA were purchased from Sigma
Chemical Co and were used without further
purification. All solvents (chloroform, methanol)
were obtained from Merck, and high purity grade.
The concentration of HSA was calculated using
&g =37400/M per cm in phosphate-buffers
(Reddi et al., 1987).

The samples were prepared in 10 mM sodium-
phosphate buffer at pH 7.4. For light scattering
measurements, the buffer was filtrated using AM-
ICON filter.

Small unilamellar liposomes were prepared as
previously described (Bardos-Nagy et al., 1998).

Multilamellar lipid vesicles (MLV) were pre-
pared by dissolving, DMPC/DMPG (19:1 w:w) in
a chloroform—methanol mixture (9:1 w:w). The
solvent was evaporated under a stream of nitro-
gen at room temperature, then buffer was added
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to the sample. The samples were vigorously mixed
for 30 min above the phase transition temperature
of DMPC in a Vortex mixer. HSA was dissolved
in buffer and added to the dry lipid film during
vortexing.

2.2. Light scattering measurements

Light scattering measurements were performed
using an ALV goniometer with a 35 mW He—Ne
laser (41 =632.8 nm) light source or using a BI-
200SM goniometer with an Ar-ion laser (Om-
nichrome 543AP) operating at 488 nm. The
arithmetic mean of the data acquired on parallel
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Fig. 1. Excess heat capacity curves of centrifuged (A) and
uncentrifuged (B) SUVs (thick solid lines). The results of the
first and of the second reheatings are shown by dotted and by
thin solid lines, respectively. Inset: The size distribution of
centrifuged (A) and uncentrifuged (B) SUVs before (solid line)
and after (dotted line) recording of the DSC curves character-
ised by their relative contribution to the autocorrelation func-
tion.

experiments performed on the same sample was
calculated and used in assessing particle size. The
contribution of the particles with different size
(diameter) to the autocorrelation function was
determined using the maximum entropy method.
This contribution is proportional to the weight of
the particles, therefore in the case of liposomes it
is proportional to the relative surface area of the
vesicles. This function (relative contribution vs.
diameter) was used to characterise the particle size
distribution.

2.3. Microcalorimetry

Microcalorimetry was performed on SUVs us-
ing a DASM-4 differential scanning mi-
crocalorimeter between 10 and 40°C at a heating
rate of 1°C/min. 0.473 ml of the sample was
cooled to = 3°C, equilibrated and heated that
required some 3 h. The MLVs were examined
using a Du Pont Thermoanalyzer 990 (Barley
Mill, Wilmington, Delaware, USA) at a heating
rate of 5°C/min. 10 pl of the sample was closed in
an aluminium capsule. The DSC measurements
were performed using the same buffer in the
reference cell with a protein content identical with
that of the sample.

3. Results

Since relatively little data are available in the
literature concerning the phase transition of
SUVs, the DSC experiments were first performed
on the liposome solution in the absence of HSA
and the results compared with literature data
reported of DPPC SUVs (Biltonen and Lichten-
berg, 1993). In all DSC experiments, performed
on SUVs, the lipid concentration was 1.5 x 103
M. The results were well reproducible when the
samples in the parallel experiments were made
from the same liposome preparation. New lipo-
some preparations caused only slight changes in
the relative contribution of the components.

The DSC curve acquired for the DMPC/
DMPG 19/1 liposome solution after the first cool-
ing process is shown in Fig. 1A (thick solid line).
The curve consists of two phase transitions at
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20.0+0.2 and 24.10 4+ 0.05°C, respectively. Al-
though the peaks are not fully resolved, the width
of their half maximum (7,,) were estimated as
6.0 +£0.2 and 1.7 +£0.2°C, corresponding to an
increasing main thermal transition temperature
(T,,). Dynamic light scattering on the freshly pre-
pared liposome solutions, measured before the
DSC experiments, showed an average particle di-
ameter of 47.4 + 3.3 nm. Further analysis of the
light scattering data, showed the presence of a
major population of liposomes with average di-
ameter of ~ 40 nm, but a small amount of larger
liposomes was also detected (average diameter
~ 150 nm) as shown in the inset of Fig. 1A (solid
line). The size distribution function of the lipo-
some solution after the DSC experiment showed a
shift of diameter to the larger values as seen by
the dotted line in the inset of Fig. 1A. Similarly to
the results for DPPC liposomes (Lichtenberg et
al., 1981; Biltonen and Lichtenberg, 1993), the
lower phase transition temperature (Fig. 1A) has
been attributed to the major SUV liposome com-
ponent, and the higher one to a population of
liposomes with larger size (LUV).

The effect of the cooling process—before heat-
ing—on the thermal transition curve of the lipo-
some solution was studied by repeated recooling
of the same sample. The DSC curves detected
after the first and the second recooling are shown
in Fig. 1A (dotted and thin solid lines, respec-
tively). In between recooling steps, the sample was
kept at =~ 3°C in the DSC instrument. The peak
corresponding to the population of smaller lipo-
somes is observed to decrease, while the second
peak increases. This observation is indicative of a
change in the colloidal state of the liposome solu-
tion during the DSC experiments including the
cooling process, and is in good agreement with
the identification of two components in the phase
transition peaks.

The validity of the attribution of the phase
transition peaks to different liposomal popula-
tions was further examined by performing a series
of experiments on an uncentrifuged sonicated
liposome solution. In this case, the average size of
the vesicles measured by light scattering experi-
ment was found to be 75.3 + 3.3 nm because the
larger liposomes were not removed from solution.

The size distribution, shown in the inset of Fig.
1B, is reflected by the average diameter of the
liposomes in the supernatant and in the remaining
solution after centrifugation, i.e. 47.4 +3.3 and
132.7 + 13.8 nm, respectively. The thermal transi-
tion curve obtained after the first cooling is shown
in Fig. 1B (thick solid line). As was the case for
the DSC curve of the centrifuged liposome solu-
tion, it consists of two components, but the con-
tribution of the second one is more important and
the maximum of the first peak appears at higher
temperature, at 21.1 +0.2°C (cf. 20.0 £ 0.2°C in
Fig. 1A).

The influence of the cooling process on this
sample was also studied and the same effect was
observed as with the centrifuged solution. The
relative decrease of the contribution of the SUV
component after the first and the second recooling
process is shown in Fig. 1B (dotted and thin solid
lines, respectively).

The effect of HSA addition at HSA-lipid 8 x
103 concentration ratio is shown in Fig. 2A. It
clearly affects the phase transition curve: the first
peak is shifted to lower temperature (18.4 +
0.05°C) and its width becomes smaller corre-
sponding to T),=3.4+0.1°C. The area under
the second transition increases and becomes re-
solved into two peaks, with a new transition at
23.2 4+ 0.05°C. These changes are indicative of the
presence of at least three liposome populations
after HSA addition at this HSA-lipid concentra-
tion ratio. Control DSC measurements, per-
formed on an HSA sample showed no phase
transitions in the studied temperature interval.
The position of the 24.1°C peak corresponds to
the intrinsic LUV population present before HSA
addition. The new peaks at 18.4°C and at 23.2°C
appearing only after HSA addition, are attributed
to the phase transition of liposome populations
that interacted with HSA. A more precise identifi-
cation of the new components was achieved after
repeated recooling of this sample. The modifica-
tions of the phase transition curves upon first and
second recooling are shown in Fig. 2A (dotted
and thin solid lines, respectively). The first peak
decreases while the second increases and shifts
slightly to lower temperature. This shift is, how-
ever, only apparent: in reality, the peak at 23.2°C
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Fig. 2. A: The effect of HSA addition at a HSA-lipid molar
ratio 8 x 10~ 3 (thick solid line). The results of the first and of
the second reheatings are shown as thin and dotted lines,
respectively. B: The average diameter of SUVs in the absence
(first column) and in the presence of HSA (second and third
columns) as a function of time measured by light scattering
experiments. HSA-lipid molar ratios: 1 x 1072 (second
column), 2.5 x 10~ 2 (third column).

increases more than the peak at 24.1°C, which
also increases upon recooling. The increase of the
24.1°C component is indicative of the presence of
uncomplexed SUVs in solution (see Fig. 2). The
differences in the observed extent of the increase
of the respective peaks suggest more considerable
aggregation—fusion in the presence of HSA.

The latter assumption was further investigated
by measuring the average diameter of sonicated
liposomes in the absence and in the presence of
HSA as a function of time. Dynamic light scatter-

ing experiments were performed at 0, 1 x 102
and 2.5 x 10~2 HSA-lipid concentration ratios,
with the lipid concentration 1 x 10-3 M. The
incubation times were 0.5, 2.5 h, 3 and 10 days.
The results are presented in Fig. 2B. The first
column shows the diameter of liposomes in the
absence of HSA, the second and third correspond
to the results obtained with HSA-lipid solutions
of different (1 x 102 and 2.5 x 10 ~2) concentra-
tion ratios. The diameter of the liposomes in-
creased in all solutions as a function of time. The
presence of HSA definitely promotes the forma-
tion of larger size particles and higher HSA con-
centrations enhance the size increase.

The modification of the DSC curves with in-
creasing HSA -lipid molar ratio is shown in Fig.
3A—C (thick solid lines corresponding to protein—
lipid molar ratios as 0, 1 x 10~3 and 1.2 x 102,
respectively). The phase transition curve obtained
in the absence of HSA was deconvoluted into two
symmetrical components associated with the pres-
ence of two liposome populations with different
average sizes, as shown in Fig. 3A (thin solid
lines). Since in the case of the 8 x 10 =3 HSA-
lipid molar ratio (Fig. 2A) the repeated recooling
showed a minimum of four liposome populations
(SUV, LUV, SUV-HSA, LUV-HSA), the phase
transition curves in Fig. 3B and C were deconvo-
luted into four components (thin solid lines). The
fits were performed by fixing the fourth compo-
nent to the parameters used for the second com-
ponent obtained in the absence of HSA, and the
other components were left to iterate freely. The
relative areas under the fitted curves related to the
total area of the phase transition curve in Fig. 3
are summarized in Table 1. (The best-fit compo-
nents are shown in the figures by thin lines and
the sum of the components are overlaid on the
experimentally determined DSC curves (dotted
line)). In Fig. 3B and C the second component
associated with the first component in the lipid
solution (Fig. 3A), decreases upon adding HSA
and shifts to higher temperature. The contribution
of the new components (1 and 3) increases and
the half width of the first one becomes smaller
with increasing amount of HSA. The deconvolu-
tion was repeated with the fourth component
floating. In this case, a slight decrease of the
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fourth component is observed upon increasing
HSA-lipid concentration ratio, but the other ef-
fects are as previously described. The total area
under the phase transition curves slightly in-
creases with increasing amount of HSA. This
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Fig. 3. Excess heat capacity curves of SUVs in the absence (A)
and in the presence of HSA (B-C). HSA-lipid molar ratios:
B,1x1073% C, 1.2x10~2

Table 1
Relative contribution of the different liposomes and liposome-
HSA components in function of the HSA-lipid ratio

HAS-lip SUV-HSA SUV LUV-HSA LUV
0 - 0.84 - 0.16

1.0x1073  0.34 0.50 0.10 0.16

12x1072 044 0.42 0.14 0.16

A

Excess heat capaci

Temperature ('C)

Fig. 4. Excess heat capacity curves of MLVs in the absence (A)
and in the presence of HSA (B). HSA-lipid molar ratio:
33x 1072

shows that the molar enthalpy change of the
HSA-liposome complex is higher than that of the
pure lipid. The determination of accurate values
was not possible, because the concentrations of
the lipid molecules making up the different lipo-
some populations were unknown.

We also examined the MLVs, more widely in-
vestigated by DSC in literature reports. For these
measurements the lipid concentration was 125
mg/ml, more than 100 times higher than that of
the previously described SUV solutions.

The phase transition curve in the absence of
HSA is shown in Fig. 4A. T, was observed at
15.0 +£0.2°C and T, at 24.0 +0.2°C. The HSA
addition did not influence the DSC curve at a
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molar ratio of 1 x 103 HSA-lipid (not shown).
In the case of the 3.3 x 10~2 HSA-lipid molar
ratio, T,, increased by 1.5°C to 16.5+0.2°C as
shown in Fig. 4B. Neither the position nor the
width of the main transition peak was affected.
The change in 7, is indicative of HSA and MLVs
interaction.

4. Discussion

4.1. The phase transition of DMPC/DMPG 19/1
lipid systems

The MLV phase transition curve (Fig. 4A)
shows homogenous mixing of the DMPC and
DMPG components in agreement with the fact
that the phase transition characteristics of the
pure components are similar. Comparing this re-
sult with literature data for unmixed DMPC and
DMPG, only slight broadening and asymmetry
were observed upon mixing (Findlay and Barton,
1978).

Comparison of the excess heat capacity curve
of sonicated liposomes (Fig. 1A) with that of
MLVs shows different phase transition character-
istics for unilamellar vesicles and MLVs. In the
case of unilamellar liposomes, the phase transition
that occurs at the same temperature as the main
transition of MLVs (second transition in Fig. 1A)
is preceded by a broader transition at lower tem-
perature. This first transition is unambiguously
different than the pretransition of MLV. A similar
difference was observed in the DPPC SUV DSC
measurement. The phase transition of smaller
liposomes occurs at lower temperature and it
shows a pronounced increase as a function of
diameter in the 35-70 nm diameter range. Out-
side this interval, T, is independent of size (Su-
urkuusk et al., 1976; Biltonen and Lichtenberg,
1993). This result is however not so straightfor-
ward, because during the DSC experiment, the
colloidal state of the liposome solution is affected.
Comparison of the change of the size distribution
function during the DSC experiment (inset of Fig.
1A) with the increase in average diameter caused
by a ‘normal incubation’ of 2.5 h (47.4+3.3—
49.2 +2.0, Fig. 2B) shows that the effect of the

DSC measurement is not limited to the usual
aggregation occurring in a solution containing
colloidal particles during storage. This observa-
tion is in agreement with the result obtained for
DPPC where the tendency of the gel-phase SUV
to fuse into larger liposomes was observed in the
‘heating mode’ of the DSC experiment involving a
longer cooling process (Lichtenberg and Thom-
son, 1990). The presence of SUVs in coexistence
with LUVs results in a heat capacity curve with
two phase transitions; the first transition (maxi-
mum at lower temperature) corresponds to the
SUVs, and the second one to the LUVs (Lichten-
berg et al., 1981). The SUV transition occurs in a
much broader temperature range than that ob-
served for LUVs. This is due to the sensitivity of
the phase transition temperature to even small
variations in SUV diameter size. This conclusion
is also supported by comparing the centrifuged
SUYV result (Fig. 1A) to the phase transition curve
of a SUV-LUV mixture containing larger sized
vesicles (Fig. 1B) The larger particles are responsi-
ble for the relative increase of the second compo-
nent, and, in accordance with the size dependence
of SUVs T,,, the maximum of the first transition
also increases by ~ 1°C.

Both the size increasing effect of the ‘heating
mode’ and the different phase transition of SUVs
and LUVs are observable by the repeated detec-
tion of the excess heat capacity curve. The higher
amount of LUVs in the sample caused by cooling
resulted in a decrease of the first component and
an increase of the second component of the ther-
mal transition curve.

4.2. The effect of HSA addition on the thermal
characteristic of DMPC/DMPG 19/1 lipid
systems

The appearance of two new transitions in the
excess heat capacity curve of SUVs after HSA
addition unambiguously shows that there is inter-
action between the liposomes and HSA. The re-
cooling and the HSA concentration dependent
experiments allowed identification of the new
components.

The observation of the repeated detection of
the DSC curve on the same sample may lead to
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several conclusions. Taking into account the fact
that recooling caused increase of the 24.1°C com-
ponent associated to SUV-LUV transformation,
we can infer that there is uncomplexed SUV in the
HSA -lipid solution at 8 x 10 ~3 concentration ra-
tio. Comparing the parallel decrease of the 18.4°C
transition and the increase of the 23.2°C compo-
nent, we conclude that the behavior of the first
new component (at lower temperature) is similar
to that of the SUV component, while that of the
second new component is similar to that of the
LUV upon repeated recooling: they are changing
stepwise. The phase transition at 18.4°C was at-
tributed to the SUV-HSA complexes. It is clear
that — as was the case with the pure SUV
solution — the transformation of SUV-HSA
complexes into LUV-HSA complexes also occurs
during the cooling process. The assignment of the
second new transition, however is not so evident.
The recooling experiments show that one part of
this component must be the result of fusion—ag-
gregation of SUV-HSA complexes. The different
extent of the increase of the 23.2 and 24.1°C
transitions suggests that the amount of HSA-
LUV complex increases to a more significant ex-
tent than was the case with uncomplexed LUV.
The time dependent dynamic light scattering ex-
periments (Fig. 2b) are also indicative of the
occurrence of a HSA induced size increase, how-
ever, the presence of a LUV-HSA complex caused
by the interaction of intrinsic LUVs and the
protein can not be excluded. This possibility is
also not eliminated by the four-component decon-
volution of phase transition curves. Both fixed
and floating four-component deconvoluting were
in good agreement with the experimental curve.
When the fitted components were left floating, a
small decrease of the fourth component was
found with increasing amount of HSA, suggestive
of a decrease in the LUV component caused by
LUV-HSA complex formation. Although the pos-
sibility of LUV-HSA interaction can not be ruled
out, it is clear that the HSA-SUV interaction is
more significant than HSA-LUV binding.

The higher affinity of HSA for SUVs when
compared to LUVs shows that the smaller lipo-
somes are better candidates for interaction with
HSA. This conclusion is also supported by the

phase transition temperature value for SUV,
which was higher in the presence ( &~ 21°C) than in
the absence of HSA (20°C). As already pointed
out, in this range, a higher 7, is indicative of a
grater diameter. This explains why, after the inter-
action, the uncomplexed SUV population yielded
a higher T, value (20 —»21°C). It is also probable
that the higher curvature obtained with the
smaller liposomes is favorable for interaction with
HSA.

Since the enthalpy (AH,,) increases only slightly
with increasing amount of HSA, while the T,
value is significantly lower for the SUV-HSA
complex, the entropy change equal to AH,/T,,
increases. This means that the packing of lipids is
disturbed within the bilayer, i.e. their order is
reduced. We interpreted these changes as a kind
of entering of HSA to the phospholipid layer.
Similarly to our conclusion, in all cases where
interaction was found to occur, surface binding,
followed by partial penetration and/or deforma-
tion of the bilayer was proposed as a mechanism
(Sweet and Zull, 1969; Juliano et al., 1971; Lis et
al., 1976; Law et al., 1986, 1988, 1994) as it is
obvious from the data in Table 2. where we
survey the earlier results reported for albumin-—
liposome systems.

The interaction between MLVs and HSA
molecules is less favourable as shown by the
unaffected phase transition curve at 1 x 1073
HSA-lipid concentration ratio. Interaction hap-
pens, but at higher HSA concentrations (3.3 x
10> HSA-lipid), as shown by the significant T,
increase. The pretransition phase is known to be
particularly sensitive to the effect of small
amounts of contaminants. In most cases the effect
of contaminants on the pretransition is more pro-
nounced than that is on the main transition (Bil-
tonen and Lichtenberg, 1993). Furthermore the
change observed in pretransition temperature
shows that the surface of the MLVs is definitely
involved in the HSA-liposome interaction. As
concluded from the SUVs result it is again sugges-
tive of surface binding and penetration.

Since the DSC technique has been used mostly
for multilamellar liposomes as routine facility
even in that cases, when the other experimental
methods applied required the comparison with



Table 2

A survey of earlier experiments on albumin-liposome systems

Composition of ~ Method of Source of Albumin/lipid Method of mea- pH t (°C) Interac-  Conclusion Ref.
liposomes liposome albumin concentration  surement tion
preparation ratio
lec/chol/DCP Mechanical Bovine from 4x10~* satu- Diffusion of 5.5-3 22-23 Yes Electrostatic and hy-  Sweet and Zull,
. shaking General Bio- ration ~20x ['*C]glucose from drophobic interaction 1969
=2 = chemicals, no ~ 107* 1i - -
R posomes mea suggested, the penetra
purification sured by dialysis tion of the protein
molecule into the hy-
drocarbon matrix of
the membrane oc-
curred
lec/chol/SA 7 No
=7/1/2 (+)
lec/chol =7/1 (0) 7 No
3.5 No
7; 3.5 No; no
PS (—) Sonication Human from 0.3-0.6 Diffusion of 4.5 25 Yes See previous Juliano et al.,
Miles Labora- 22Na* from 1971
tories, no liposomes mea-
purification sured by dialysis
PC (0) 7.4 No
7.4 No
DMPC (0) Dispersion Bovine from ~0.04 Change of Ra- ? 24 Yes A conformational Lis et al., 1976
Miles Labora- man intensity ra- (Water) change of the lipid hy-
tories, no tio (12890/12850; drocarbon chains in
purification 12850/12930) the presence of albu-
min( — )albumin pene-
trates the hydrocarbon
chains
Egg PC (0) Dispersion Bovine from ~3x1073 14C labeled lipo- 8 20-25 No albumin is capable of Jonas, 1976
Sigma, no 5 somes; UV ab- binding only the sepa-
. . -5x10 . -
purification sorption rated lipid molecules
but not lipid
molecules included in
liposomes
Rat liver PC (0)  Sonication Bovine from 100 Leakage of ra- 7.4 37 Yes drastic stimulation of  Zborowski et al.,

PC/PA = 48/47
(=)

Sigma, no
purification

dioactive sucrose
from liposomes;

the sucrose release by
albumin in case of
any liposome compo-
sition;

1977
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Table 2 (Continued)

Composition of  Method of Source of Albumin/lipid Method of mea- pH t(°O) Interac-  Conclusion Ref.
liposomes liposome albumin concentration  surement tion
preparation ratio
lec/chol = 67/33 (0) Liposomes labeled No liposomes are the lipid
radioactively donors for the formation
of albumin-lipid complex;
PC/chol/DCP Sonication Bovine from =100 Incubation of 74 37 Yes The liposomal surface Hoekstra and
=7/2/]1 (—) MLV and Sigma, no ["*C]PC liposomes membrane or the cell sur- Scherphof,
SUV separated purification with parenchymal face or both are modified 1979
by gel filtration cells; by the albumin;
PC/chol/SA =7/2/1 Protein assayed with Yes Protein can be bound to
(+) fluorescent dye the vesicle surface, the
presence of albumin result-
ing in increased permeabil-
ity of the MLV
DMPC (0) Sonication Bovine from 3x10~° Fluorescence of al- 7.4 30 or 37 No The liposomes themselves Daniels et al.,
Sigma, no bumin is measured was no effect on the 1985
purification fluorescence of albumin
PC/chol/SA Dispersion Bovine from  ~10—* Micro-electro- 4-7 37 Yes Most of the albumin Law et al.,
=1.6/1/0.2 (+) Sigma, no phoresis molecules penetrates the 1986, 1988
PC/chol/DCP purification Yes phospholipid bilayer to the
=1.6/1/0.2 (—) hydrocarbic region inde-
pendently of the surface
PC/chol = 1.6/1 (0) Yes charge of the liposomes;
hydrophobic interaction is
the dominant force for ad-
sorption
PC Sonication Bovine from  ~10—* Micro-electro- 74 37 Yes Albumin molecules may  Law et al.,
Sigma, no phoresis penetrate into the phos- 1994
purification pholipid bilayers and the
nonpenetrated moiety coats
on the liposomes
DOPC Yes

@ Surface charge of the liposomes.

91¢
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SUVs, finally, we would like to emphasize that the
application of DSC method in the studies of
unilamellar vesicles and their interaction with
proteins is advantageous in more respects. Our
results present that the excess heat capacity curves
of the SUVs are well understandable and more
sensitive even at lower lipid and protein concen-
tration. The study of the SUVs thermal transition
makes possible not only the observation of the
changes of the membrane structure but detects the
alterations of the colloidal state of liposome solu-
tion as well. It serves reliable information about
the size dependence of interaction between the
agent components and liposome.
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