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EFFECT OF PEG ON THE ELECTROPHORETIC MOBILITY
OF LIPOSOMES

K. ARNOLD, 0. ZSCHORNIG, W. HEROLD, D. BARTHEL
Institute of Biophysics, School of Medicine,
Karl Marx University, lLeipzig, G.D.R.

INTRODUCTION

Poly(ethylere glycol) (PEG) is a widely used agent for the
fusion of cells and it is used as a fractional precipita-
ting agent for protein purification, isolation and crystal-
lizationl.

It was demonstrated that some of the effects of PEG on
membrane properties could be explained by an alteration of
the physicochemical properties of the surrounding agueous
phase after addition of PEGZ. PEG decreases the polarity
and the dielectric constant of an agueous phase3. Besides
these effects PEG causes a high osmotic pressure and

exerts an osmotic stress on the cell because high molecular
PEG does not permeate cell membranesa.

In this paper experimental results are given which support
the hypothesis that PEG is excluded from the membrane sur-
face. The electrophoretic mobility (EPM) of charged lipo-
somes is measured as a function of the PEG concentration.

MATERTALS AND METHODS

Dipalmitoylphosphatidic acid (DPPA) and dipalmitoylphos-
phatidylcholine (OPPC) from FLUKA (West-Berlin) were used
without further purification,
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The samples gave a single spot in thin-layer chromatography.
Multilamellar vesicles (mixture OPPA/DPPC) were prepared

by the method of DEAMER and BANGHAMS. The water used for
the preparation of dispersions was twice distilled. The
dispersions were buffered with tris. HCl (10—3 mol/1) from
FLUKA. The agueous dispersions were mixed with adequate
volumes of agueous solutions of PEG to get the appropriate
final concentrations of the dispersions. PEG 6000 from FLUKA
was used without further purification.

tle measured the EPM of the liposomes for different concen-
trations of PEG by using a PARMOQUANT-2 (VEB Carl-Zeiss-
Jena, GOR) in the dark field mode. 100 particles were mea-
sured in both directions for each experimental point.

In addition the viscosity of the suspension medium for dif-
ferent concentrations of PEG was measured by means of a

Hoeppler viscosimeter.

RESULTS

Using the Helmholtz-Smoluchowski equation
G- ——1- ()
E &

where & : electrokinetic potential (zeta potential)
u : electrophoretic mobility
QL: viscosity
& : relative dielectric constant of the solution
€.

(-}
we calculated values of the zeta potential from the EPM .

permittivity of the vacuum

Their absolute amounts grow with increasing PEG concentra-
tion.
Using eq.(1) means assuming tacitly that all premises under

which it can bc derived are fulfilled.
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For example the viscosity Z,Of the suspending medium need
not depend on the distance from the surface of the colloid
particle, cell or liposome.
In order to explain electrophoretic measurements on erythro-
cytes performed in solutions of dextran BAUMLER and DDNATH6
proposed a position dependent viscosity profile. If we adapt
their strategy to systems with a smooth surface (1liposomes)
and (1) postulate a viscosity profile
. o= (2)
(AN e 2 Y R
zfg: bulk viscosity (increasf%g with the concentration of
PEG)

ZP: viscosity of the pure solvent

: distance from the surface
X. : distance of the shear plane from the surface
d : characteristic length
and
(2) assume the value of the surface potential to be so small
that linearization of the Poisson-Boltzmann eguation is
allowed,

we have to modify the Helmholtz Smoluchowski equation as

tfollous:
U= '&EOI—-(; dx G/)( (3)
_ Efe ,,U;(XS), P ('l )_7_
O 1 2d

V/(x): electrostatic potential

Formal use of eq.(l) results in an apparent zeta potential

Sapn. Yj( %) [4"(%;"’)'444:{} (4)

%

which turns out to be a linear function of the bulk visco-
sity.
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FIGURE 1 shows the apparent zets potentials of the lipo-

somes plotted vs. the bulk viscosity of the suspending me-
dium using linear regression analysis. The characteristic

length was estimated to be d = 1.8 nm.
Following this argument one can conclude that the polymer

is excluded from the surface layer of the liposomes.

BULK VISCOSITY. 10° Pas
1 2 3 4

|

APPARENT ZETA POTENTIAL mV

FIGURE 1. Dependence of the apparent zeta potential on
the bulk viscosity.

DPPA/DPPC liposomes in 107> mol/1 Tris, 107! mo1/1 NaCl,
107 mol/1 EDTA, pH = 7.4, 25°C.

DISCUSSION

Different reasons have been given to explain the increase
of the apparent EPM of erythrocytes in the presence of dex-
tran, PEG and other polymers. An exclusion of counter ions
from the surface and a decrease of the ionic sfrength ac-
companied by an increase of the zeta potential have been
assumed tu be the most prabable Cause7. BAUMLER and DONATH®
found that such changes of the surface potential do not
sufficiently describe the behaviour of erythrocytes.
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Liposomes have the advantage that such a complex surface
structure as the glycocalyx does not exist. The electro-
phoretic measurements are described by the assumption of

a distance dependent viscosity. The characteristic length
was calculated to be 1.8 mm. This value is in the order of
the radius of an equivalent rigid sphere of PEG 6000 deter-
mined to be 2.6 mm from intrinsic viscosity measurementsg.
It is also consistent with the concept that PEG is effec-
tively excluded from the hydration layer of the liposome
surface. This result is of basic importance for the inter-
pretation of the action of PEG on membranes and the fuso-
genic activities of PEG. Many of the effects of PEG on
membranes have to be explained by an indirect action media-
ted by the changed properties of the water phase.

It has recently been established that PEG is excluded from
the surface of water scluble proteins 7, 10_ It was con-
cluded that there is a water layer around the protein which
is impermeable to PEG. Such a behaviour is an expression of
the difference between the interactions of water and PEG
with the surface. These similarities in the bebaviour of
PEG at protein and liposome surfaces lead to effects com-
parable to those in the aggregation of proteins and lipo-
somes in the presence of PEG.

A decrease of the surface potential of lipid monolayers

by several hundred millivolts on addition of PEG was des-
cribed Ly MAGGIO et alll. Such a decrease of the surface
potential did not occur in our experiments for liposomes.
Therefore, this change of the surface potential observed
for monolayers should mainly result from orientation

changes of molecular dipoles in the surface.



Downloaded by [Tomsk State University of Control Systems and Radio] at 13:16 19 February 2013

362

REFERENCES

1.
2.

3.

11.

K. ARNOLD et al.

A. McPherson, Methods in Enzymology, 114 (1985).
K.Arnold, L. Pratsch and K. Gawrisch, Biochim.Bio-
phys.Acta 728, 121 (1982).

K. Arnold, A. Herrmann, L. Pratsch and K. Gawrisch,
Biochim. Biophys. Acta, 815, 515 (1985).

A. Herrmann, K. Arnold and L. Pratsch, Bioscience
Repurt, 5, 689 (1985).

B. Deamer and A.D. Bangham, Biochim. Biophys.Acta, 443,

629 (1976).
H. Bdumler and E. Donath, studia biophysica, in press.
D.E. Brooks and G.V.F. Seaman, J.Coll.Interf.Sci., 43,
670 (1973).
0.H. Atha and K.C. Ingham, J.Biol. Chem., 256, 12108
(1931).

J.C. Lee ano L.L.Y. Lee, J.Biol.Chem., 256, 625 (1981).

. T. Arakawa and .G.N.Timasheff, Biochemistry, 24, 6756

(1985).
B. Maggio and J.A. Lucy, Biochem.J., 158, 647 (1976).



