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Abstract The changes in electrokinetic properties of silica
suspensions in the presence of 1,2-dipalmitoyl-sn-glycero-
3-phospshocholine (DPPC) were investigated via zeta po-
tential, mean diameter and transmittance determinations.
Silica particles were precovered with monolayer (ML) or
bilayer (BL) of the phospholopid from chloroform solution
(810, /DPPC) or covered by DPPC adsorption from aqueous
solution (SiO; + DPPC). The zeta potential and mean diam-
eter of SiO,/DPPC suspension were measured as a func-
tion of NaCl concentration and due to the phospholipase
A>(PLAj) action in 103 M NaCl solution and buffer Tris at
pH = 8 and 9. It was found that the DPPC adsorption onto
silica surface decreases its the zeta potential, however the
suspensions were stable during the experiment time, prob-
ably because of steric stabilization. During PLA, enzyme
action the changes in zeta potential were observed, which
were caused by the hydrolysis products, especially palmitic
acid molecules, which also had influence on the stability of
these systems.

Keywords DPPC - Silica - Phospholipase A - Zeta
potential - Transmittance - Particle size - Stability

1 Introduction
Phospholipids are major components of biological mem-

branes. In aqueous media their molecules form self-assem-
bled spherical vesicles—liposomes, which involve one or
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more phospholipids bilayers. Since many years, supported
phospholipid bilayers (Langmuir-Blodgett films) as well as
liposomes, are commonly used models for complex bio-
logical membranes study (Jones 1995; Nielsen et al. 1999;
Nagle and Tristram-Nagle 2000; Mornet et al. 2005). Model
bilayers systems allow learning about biological processes
taking place in living organisms. Moreover, liposomes at-
tract great attention as drug delivery systems and carriers
for the delivery of genes to cells. However, their mechanical
resistance is rather poor.

Recently different lipid/particles assemblies composed
of the particles core surrounded by a lipid shell have at-
tracted attention because of their biomedical and biotech-
nological applications, e.g. in biological sensors and mate-
rials science (Rapuano and Carmona-Ribeiro 1997, 2000;
Moura and Carmona-Ribeiro 2005; Tero et al. 2004; Castel-
lana and Cremer 2006). The kind and strength of interac-
tions between membrane and solid surface are very impor-
tant for stabilization of the supported phospholipid layers on
solid the surface, but they are still not well understood. The
most frequently used particles as the lipid supports are: sil-
ica, iron oxide, polyelectrolyte capsules and polymer micro-
gels (Troutier and Ladaviere 2007). Lipid-coated silica mi-
crospheres can be applied for detection of anti-phospholipid
antibodies in human body, to determine the affinity between
biologically active substances and biological membranes, as
well as chromatography for the separation of proteins. Be-
cause lipid shell stability on silica particles is due to hy-
drogen bonds and/or electrostatic interaction between lipids
molecules and the hydrophilic surface, lipids affinity to sil-
ica surface varies in accordance with the sequence: anionic
lipids<neutral lipids<cationic lipids (Troutier and Ladaviere
2007).

The phospholipid layers on a solid support can be mod-
ified by lipolytic enzymes, whose action causes changes in
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their hydrophobicity/hydrophilicity (Chibowski et al. 2008;
Jurak and Chibowski 2009). For example, phospholipase
A>(PLA») being water-soluble enzyme selectively catalyzes
the hydrolysis of sn-2 fatty acyl chain in different phospho-
lipids yielding free fatty acids and lysophospholipids as the
reaction products. The activity of PLA, is higher in the case
of the ordered lamellar structures of lipid, i.e., vesicles, mul-
tilamellar dispersions, monolayers at the air-water interface
and supported bilayers in comparison to molecularly dis-
persed phospholipids (Dennis 1983; Grandbois et al. 1998;
Mouritsen et al. 2006; Nielsen et al. 1999; Wacklin et al.
2007). Obviously, the hydrolysis products affect the layers
hydrophobicity.

The aim of this study was the investigations of DPPC
adsorption on the electrokinetic properties of silica suspen-
sions in the absence and presence of PLA, enzyme.

2 Experimental
2.1 Materials

DPPC (1,2-dipalmitoyl-sn-glycero-3-phospshocholine) (se-
mi-synthetic, 99%) was purchased from Sigma and was used
without further purification. Phospholipase A, from hog
pancreas (200 u/mg, Fluka) was used as received to modify
the phospholipid film. Buffer Tris containing 10 mM trihy-
droxymethylaminomethane (Sigma-Aldrich, 99.8%), 5 mM
CaCl(POCH SA) and 10 mM NaCl (POCH SA) adjusted
by HCI solution to pH 8 or 9 was used as the medium for
an enzyme reaction. The commercial silicic acid powder
(S8i0; - xH7O) was purchased from Riedel-de Haen AG. The
specific surface area of the SiO, powder determined by BET
thermal desorption of nitrogen was 40 m?/g. Water used for
preparation of the suspensions was from Milli-Q system (re-
sistivity 18.2 M2 cm).

2.2 Methods
2.2.1 Deposition of DPPC on silica powder

The powdered samples of SiO, of known specific surface
area were precovered with calculated statistical mono- (ML)
or bi- (BL) layer of DPPC. The calculated amounts of
DPPC for coverages were obtained taking 55 A%/molecule
of the phospholipid cross section. Just before the deposition,
DPPC was dissolved in chloroform (5.5 or 11 mg/mL for
ML or BL of DPPC, respectively) (Rey Gomez-Serranillos
et al. 2004). Then, the obtained solutions were mixed with
50 mg of SiO; - xH,O placed in the beaker and then put un-
der high vacuum in a vacuum dryer for 24 hours, in order to
remove the chloroform.
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2.2.2 Preparation of suspensions

In the first series of experiments the suspensions were pre-
pared by mixing with 150 cm?® of 103 M NaCl solution:
(i) 10 mg of bare silica, (ii) 10 mg of silica powder pre-
covered with DPPC from chloroform solution (further de-
noted as: SiO,/DPPC), (iii) 10 mg of bare silica powder
and powder of DPPC in the amount corresponding to 1 or
2 statistical monolayers of phospholipid (further denoted
as: SiO, + DPPC), and (iv) DPPC alone. Before the mea-
surements, all suspensions were sonicated using a sonicator
3000 (Misonix) for 3 min. To avoid sample heating the ul-
trasonic head was operating through 2 s with following 4 s
breaks at the maximum power of 3.5 W.

In the second series of experiments to the suspension
containing 10 mg of SiO,/DPPC (i.e. SiO; pre-covered
with DPPC from chloroform solution) powder dispersed in
150 mL of 10~3 M NaCl or buffer (Tris, pH =8 or 9) so-
lutions, 5 mL of the enzyme phospholipase Aj solution was
added just before sonication. Concentration of the enzyme
in aqueous solution equaled to 0.1 mg/1 cm?3.

2.2.3 Zeta potential and mean diameter measurements

The zeta potentials for all the suspensions were determined
as a function of the time, after 5, 15, 30 and 60 min since
the moment of the suspension preparation using a Zetasizer
Nano ZS, Malvern. Because in the studied systems the xa
value (where « is the Debye-Hiickel parameter and a is
the particle radius) was always greater than 100, therefore
Helmbholtz-Smoluchowski equation was applied for the zeta
potential calculation from the electrophoretic mobility data.
The all experiments were replicated 3—5 times at 20 £ 1 °C
and arithmetic mean values were calculated.

2.2.4 Transmission light measurements

The transmission light signal of the suspensions was deter-
mined with the help of an optical analyzer Turbiscan Lab
(France), which scanned every 40 um of the sample mov-
ing along the 55 mm cell height. The scans have been taken
during 1 h every 1 min. From these scans the mean light
transmissions were calculated and plotted versus the time.

3 Result and discussion

3.1 Zeta potential as a function of NaCl concentration

The zeta potentials of bare silica and silica precovered with
statistical mono- and bilayer of DPPC (SiO,/DPPCy, or

Si0O, /DPPCpy ) as a function of NaCl concentration are pre-
sented in Fig. 1. The pH of the suspension was natural and
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amounted 5.95, 6.5 and 6.3 for 1072, 1072 and 10! M
NaCl solutions, respectively. The values of zeta potential are
arithmetic means of its measured values after 5, 15, 30 and
60 min since the suspension preparation. From the marked
by vertical bars ranges of the zeta potential changes during
60 min can be seen that the zeta potentials of the all suspen-
sions change only slightly. Generally, the zeta potentials are
negative and their absolute values decrease with increasing
NaCl concentration. The negative zeta potential of bare sil-
ica decreases from —27.5 to —17.3 mV with increasing con-
centration of the indifferent electrolyte from 1 to 100 mM.
This is the result of compression of the double layer thick-
ness with the ionic strength increase (Fuerstenau and Pradip
2005).

Figure 1 shows that the negative zeta potential of silica
in NaCl solutions changes after coverage its surface with a
statistical mono- or bilayer of DPPC. In both cases nega-
tive zeta potential of SiO; is reduced. The zeta potential of
Si0, /DPPCy and SiO, /DPPCpy, particles decreases from
—20 to —7.7 mV and from —13 to —6 mV, respectively,
if the concentration of electrolyte increases from 1073 to
10~! M, while that of bare silica decreases from —27.5 to
—17.3 mV. The interactions between silica and phospho-
lopid can occur initiated by formation of hydrogen bonds
and electrostatic interactions. The charge of DPPC mole-
cule is concentrated in the hydrophilic head group of the
phospholipid. The polar part of DPPC possesses two spa-
tially separated and oppositely charged moieties: positive
choline group —-Nt)(CH3)3 (2 nm thickness) and negatively
charged ~OPO; (1.8 nm) (Langer and Kubica 1999). The
zwitterionic head group as a whole of phosphatidylcholine is
uncharged in a wide range of pH (4-10) and ionic strengths
(Jones 1995; Shapovalov 1998). On the other hand, the silica
particles possess many —SiOH and —SiO~ groups on their
surface. Two-dimensional NMR data suggested strong hy-
drogen bonding of silanol groups with O-P group of the
polar head group of DPPC bilayer, thus changing its per-
meability (Chunbo et al. 1995). Moreover, because DPPC
molecule is a zwitterion, its positive charge belonging to the
ammonium group is favorable for electrostatic interaction
with negatively charged silica surface (Shapovalov 1998)
and causes relatively small decrease in the negative value
of the silica particle zeta potential, because of the presence
of negative —POj;’ in the zwitterion.

It should be also stressed that Na™ ions can interact with
negative part of the DPPC polar head-group. From the mole-
cular simulation conducted by Pandit et al. (2003) it results
that roughly two phospholipid molecules are bound to one
Na™ cation and it loses much of its coordinating water mole-
cules. Simultaneously, they found that CI™ anions much less
coordinate with positive -N‘*)(CH3)3 of the headgroup.
The greatest changes in the zeta potential of the studied sys-
tems appear in the lowest (107> M) concentration of the
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Fig. 1 Zeta potential changes of bare silica and precovered with
mono- (ML) and bilayer (BL) of DPPC from chloroform solution as
a function of NaCl concentration

electrolyte. In 1072 and 10~! M NaCl solutions the negative
zeta potentials for both SiO,/DPPCy and SiO,/DPPCgy,
suspensions are practically the same and smaller than those
of bare silica surface, but also smaller than those in 103 M
(Fig. 1). These results are similar to those obtained by Sabin
et al. (2006) for the liposomes in the presence of monovalent
ions (Nat and K™).

Also from experimental studies conducted among others
by Kotynska and Figaszewski (2005) at natural pH resulted
that Na™ and C1~ ions only slightly decreased negative sur-
face charge density of phospholipid membrane at low con-
centration, however at higher concentrations the decrease
was significant. Similar results were obtained also by Mat-
sumura et al. (1995). Moreover, Kotyrnska and Figaszewski
(2005) observed that at pH > 6 in the presence of sodium
chloride a decrease of negative charge occurred. In such con-
ditions the degree of coverage of the membrane with Na™
ions was evaluated by the authors to be over 0.8. Similar
tendency was observed at pH < 4, when the membrane was
covered by Cl1~ ions. Thus the adsorption of Na* and CI~
ions should be taken into account considering the changes
of the zeta potential.

Moura and Carmona-Ribeiro (2005) basing on phos-
phatidylcholine (PC) adsorption isotherms of vesicles onto
silica AEROSIL OX-50 and calculated affinity constant,
stated that an increase in the solution ionic strength im-
proved neutral lipid adsorption. However, because in aque-
ous systems the hydrophobic tails of DPPC molecules may
tend to interact each other, it is hard to obtain uniform mono-
layer coverage of the supported pospholipid layer on the
silica surface. Hence, probably the molecules form the bi-
layer patches, which nonuniformly cover the silica particles
(Troutier and Ladaviere 2007). Koenig et al. (1996) used
the neutron reflectivity to study the structure of DPPC and
DSPC bilayers adsorbed on a planar silicon surface from
aqueous solution. The degree of surface coverage and the
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size of the lipid domains were determined by atomic force
microscopy. They found that onto hydrophilic surface of sil-
icon, possessing thin SiO» layer, the lipids adsorb as a uni-
form layer, which was however interrupted by irregularly
shaped uncovered patches of about 10-50 nm in size and
the surface coverage was 70 & 20%.

It should be stressed that in our experiments the silica
was first precovered with DPPC from chloroform, and after
drying in vacuum it was dispersed in aqueous solution, what
may caused reorientation of the phospholipid molecules on
silica surface, as discussed above similar effect of DPPC ML
and BL on silica zeta potential was observed in our previous
paper (Jurak and Chibowski 2009), but the silica was sub-
jected to cleaning procedure.

3.2 Zeta potential in 1073 M NaCl

In Fig. 2 the zeta potential and mean diameter for two dif-
ferent silica particle suspensions and DPPC alone dispersion
in 1073 M NaCl solution are presented. The results show
changes of these two parameters for silica/DPPCyy and
silica/DPPCpg], particles covered with phospholipid from
chloroform solution and the changes for bare silica particles
dispersed in 103 M NaCl where the same amount of DPPC
(corresponding to 1 or 2 statistical monolayers) was added
and denoted in the figure as SiO, + DPPC (ML) or (BL).
Moreover, in Fig. 2 are plotted the potentials and particle
size of the same amounts of DPPC dispersed alone in the
NaCl solution without presence of SiO,. The DPPC mole-
cules dispersed in aqueous solution aggregate exposing the
polar head groups toward water, while the hydrophobic tails
are hidden (Deems 2000). It can be seen that the zeta poten-
tials and mean diameters differ slightly if the two amounts
of DPPC are dispersed in the aqueous solution. If the dou-
bled amount is dispersed the negative zeta potential is by
ca. 6 mV smaller (Fig. 2a) and the diameter is about twice
greater (Fig. 2b). This can be due to formation of differ-
ent DPPC aggregates possessing a bit smaller their surface
charge density. But in both cases their size is significantly
smaller than that of the silica particles.

As it is seen in Fig. 2 the presence of DPPC in the SiO;
suspension affects the zeta potential and mean diameter of
silica particles. If the phospholipid is added to the system
simultaneously with silica, it influences the zeta potential of
the SiO, particles which is only slightly lower than that of
the particles precovered with DPPC from chloroform, espe-
cially in the case of the monolayer. Anyway in both cases of
ML and BL the effect of dispersed DPPC in NaCl solution
on the zeta potential of silica is clearly seen if compared to
the reference system of bare silica (marked by horizontal ar-
row in Fig. 2a). This indicates the DPPC adsorption to the
silica surface from the bulk of NaCl solution. However, no
clear dependence between the particles sizes of SiO; in the
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Fig. 2 Zeta potential (a) and mean diameter (b) changes of silica par-
ticles: covered with DPPC from chloroform solution (silica/DPPC) or
by adsorption (SiO, 4+ DPPC) and DPPC aggregates alone in 107> M
NaCl

discussed three silica suspensions can be seen. Moreover, it
seems, the size of silica particles (aggregates) is also inde-
pendent on the amount of DPPC added. If silica was first
precovered with DPPC from chloroform and then dispersed
in NaCl solution, the differences in zeta potential values
(Fig. 2a) indicate for indeed mono- and bilayer adsorption
on the silica surface. However, after contact with NaCl solu-
tion some reorientation of the molecules could took place.

Also, electrostatic interactions in the pohospholipid bi-
layer play a role in the studied system (Makino et al. 1991;
Satoh 1995; Matsumura et al. 1995; Imura et al. 2003).
Matsumura et al. (1995) studied the electrostatic interaction
between liposomes of different phospholipids in the pres-
ence of various salt solutions. The liposomes of each phos-
pholipid had negative zeta potentials, as it also the case in
Fig. 2a. Generally, the addition of electrolytes reduces the
zeta potential of liposomes and the effect depends on the
electrolyte concentrations and the ions valence. The pres-
ence of La®3 ions causes even reverse of the zeta potential
sign for all phospholipid liposomes. At low concentration of
NaCl, Na™ ions only slightly reduce the negative zeta po-
tential of liposomes, however at higher concentrations the
reduction is significant.
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Satoh (1995) also measured the zeta potentials of DPPC
liposomes in 5 mM Tris buffer (pH = 7.2) at different CaCl,
and NaCl concentrations. In these systems the zeta poten-
tials were positive at 107#~10~! M CaCl, concentration.
The presence of NaCl reduced the positive values of zeta
potential by 10-20 mV, depending on its concentration. The
author concluded that binding of not only Ca* ions but also
Na™ and CI~ to the liposome surface should be taken into
account, but the binding constants to the monolayer were
different than for bilayer, and lower for the liquid crystalline
than gel phases.

According to Makino et al. (1991) the polar head of phos-
pholipid can reorient depending on the ionic strength, what
reflects in the zeta potential, whose changes with the ionic
strength can be interpreted via changes in the polar head
group orientation. At a low ionic strength the choline groups
are located below the phosphate group, whereas at high ionic
strength the situation is reversed. According to these authors
the zero zeta potential occurred if DPPC polar heads are ori-
ented parallel to the liposome surface. However, it is hardly
possibly to find a reason for the head groups orientation
changes with changing the ionic strength.

In Fig. 3 are presented the mean diameters as a function
of time for the mentioned earlier two different silica sus-
pensions and DPPC aggregates alone, dispersed in 107> M
NaCl solution. The mean diameter of bare SiO; particle ag-
gregates slightly increases (from ca. 700900 nm) during
first 30 min since the suspension preparation (Fig. 3), which
means that aggregation process occurs and then during next
30 min some sedimentation of the aggregates takes place and
hence the mean diameter decreases. The zeta potential of
these particles is —27.5 mV (Fig. 2a) and it is not sufficiently
big to stabilize them (Heurtault et al. 2003). In the presence
of SiO,/DPPCyy,, SiO,/DPPCgy, and also SiO, + DPPC
ML and BL dispersed in NaCl solution the mean diameters
do not differ much from that of bare silica and the particles
are relatively stable during 60 min despite decreased the zeta
potentials (Fig. 2a). Comparing to bare silica aggregates, in
the presence of DPPC bilayer (Fig. 3b) the suspensions are
bit more stable than in the monolayer presence (Fig. 3a).
Because the zeta potentials of these suspensions are smaller
than of the bare one (Fig. 2a), this indicates for steric stabi-
lization of the suspensions by DPPC adsorbed molecules. It
is also worth to remark again that the dispersed DPPC in the
electrolyte has to adsorb on the silica particles because the
mean diameters do not differ much from those of the particle
covered with DPPC from chloroform solution, but the diam-
eters differ essentially from the DPPC aggregates diameter
when SiO;, was not present in the solution (Fig. 3).

Additional information can be obtained from the results
get with the help of Turbiscan by measuring the transmitted
light. As an example, in Fig. 4 is shown a print-out from the
apparatus of the scans along 50 mm of the measuring cell
containing SiO,/DPPCy, in 1073 M NaCl.
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Fig. 3 Mean diameter changes vs. time of bare silica and silica par-
ticles: covered with DPPC from chloroform solution (silica/DPPC) or
by adsorption (SiO» + DPPC) and DPPC aggregates in 10~3 M NaCl.
The DPPC amount corresponded to: ML coverage (a) or BL cover-
age (b). The standard deviations of all the determination lie between
30-200 nm

The scans show that this suspension is quite stable dur-
ing 60 min of the experiment, because the scans are tightly
“packed” forming a thick solid line, which actually consists
of 21 individual scans. In fact during 60 min 60 scans have
been taken and in the figure only every other scan is printed.
Such experiments were conducted for the all investigated
systems. Then, from these scans the mean light transmit-
tances were calculated and plotted versus the time. They are
shown in Fig. 5, where also the transmittances for DPPC
aggregates alone are also plotted.

It is clearly seen that the transmittance of the DPPC ag-
gregates are much greater that those of silica suspensions.
This is because of the smallest size of these aggregates (see
Figs. 2 and 3), and they are the most stable among the sys-
tems presented. Although there are visible differences in the
transmittance of the silica suspensions covered with DPPC
mono- and bilayer, as well as those in the solution in which
DPPC was dispersed, but there is no straight correlation with
the diameters changes of these suspensions (Fig. 3). Never-
theless, relatively small changes in the transmittances also
point to stability of these systems and the mean diameters
changes did.

3.3 Zeta potential in the presence of PLA»

Zeta potentials changes of silica precovered with DPPC and
dispersed in NaCl solution in the presence of the enzyme
phospholipase A, are depicted in Fig. 6 both for silica par-
ticles precovered with ML and BL of DPPC. The enzyme
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Fig. 4 The light transmittance Transmission
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Fig. 5 The mean transmittance changes vs. time through the silica
suspensions shown in Fig. 4

causes decrease of the negative zeta potential in compari-
son to the systems without PLA3. Only small fluctuations of
the electrokinetic potential during 60 min of the measure-
ments indicate that most of the enzyme action takes place
during the time of the suspension sonication. Moreover, after
60 min zeta potential of both measured systems, i.e. ML and
BL coverage, tends to the same value, c.a. —12 mV. Phos-
pholipase A; is an interfacially activated enzyme that cat-
alyzes stereospecific hydrolysis of sn-2 acyl ester linkages
of sn-3 glycerophospholipids producing fatty palmitic acid
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about effectiveness of PLA, enzyme at these two pH val-
ues, and to compare them with the results obtained in NaCl
solution alone at pH = 6.3.

It appeared that in Tris at pH = 8 the zeta potential of
Si0, /DPPCyyp, particles was close to zero (~2-3 mV) and
the particles covered with DPPC (BL) possess positive zeta
potential, ~ +7 mV (Fig. 7). Moreover at pH = 9, both
the particles covered with DPPC mono- and bilayer show
positive zeta potential (Fig. 8). One would expect that with
increasing pH the zeta potential of SiO,/DPPC should be-
come more negative, while the changes appeared to be re-
versed. Such behavior can be explained taking into account
possible adsorption Ca>* cations (5 mM present in Tris
buffer) between DPPC molecules which increases with the
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Fig. 7 Zeta potential changes vs. time of bare silica, SiO /DPPCyL,
and SiO,/DPPCg, dispersed in Tris at pH = 8 due to enzyme PLA;
action

pH increase, as well as to some extent adsorption of pos-
itively charged groups of trihydroxymethylaminomethane,
because pK, of the amine equals to 8.1 (Rapuano and
Carmona-Ribeiro 2000). At the higher pH = 9 rather Ca’*
adsorption determines the observed positive zeta potential
of the DPPC layers (Fig. 8).

Moreover, the effect of PLA, on the zeta potential of
Si0, /DPPC particles is opposite to that observed in NaCl
solution (Fig. 6), where the enzyme caused the decrease of
the negative zeta potential values. In the buffer at both pH
values the enzyme causes shift of the values to less positive
or even negative ones (Figs. 7 and 8). The same trend of
the zeta potential changes was observed in our previous pa-
per although the negative zeta potential values were greater
(Jurak and Chibowski 2009). These results mean that the
hydrolysis products possessing negative charge neutralize,

Time, min

Fig. 8 Zeta potential changes vs. time of bare silica, SiO2 /DPPCy,
and SiO,/DPPCpgy, dispersed in Tris at pH = 9 due to enzyme PLA;
action

at least partially, the positive charge present on the phos-
pholipid surface. Also OH™ ions may play a role here in the
zeta potential shift toward negative values. It is worth to note
again that the zeta potential values of the SiO, /DPPC parti-
cles, both without and under the enzyme action (Figs. 7 and
8), establish already during the suspension sonication.

4 Conclusions

The zeta potentials of bare silica and precovered with sta-
tistical mono- and bilayer of DPPC as a function of NaCl
concentration were investigated. The negative zeta potential
of silica in NaCl solution is reduced after covering its sur-
face with phospholipid and decreases with increasing NaCl
concentration as a result of compression of the double layer
thickness. The greatest changes in the zeta potential of stud-
ied suspensions appear in the lowest concentration of the
electrolyte. The presence of DPPC in the SiO, suspensions
in 103 M NaCl affects the zeta potential and mean diam-
eter of silica aggregates. If the phospholipid is added to the
system simultaneously with silica, it influences the zeta po-
tential of the SiO, particles which is only slightly lower than
that of the particles covered with DPPC from chloroform so-
lution. This indicates that the DPPC adsorption to the silica
surface from the bulk of NaCl solution occurs. In the case
when silica was precovered with DPPC from chloroform
and then dispersed in NaCl solution some reorientation of
the phospholipids molecules could took place. DPPC mole-
cules deposited on SiO; particles as well as dispersed in the
solution despite decreased zeta potentials stabilize the sus-
pensions, probably because of steric stabilization. The mean
diameter of the covered particles does not differ much from
that of bare silica and the particles are relatively stable like
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the transmittances vs. time. In the presence of PLA, the neg-
ative zeta potential of silica procovered with DPPC and dis-
persed in NaCl decreases. Small its variations during first
30 min indicate that most of the enzyme action takes place
during the time of the suspension sonication. The observed
changes should be caused by the hydrolysis products, as well
as adsorption of PLA;. The effect of enzyme action on the
zeta potential of SiO,/DPPC suspension in buffer Tris is
opposite to that obtained in NaCl solution. In the buffer at
both pH values the enzyme causes shift of the values to less
positive or even negative ones. It may be conducted that ad-
sorption of Tris amine on the silica particles plays here some
role too.
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