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EFFECT OF PEG ON THE ELECTRUPHflRETIC MOBILITY 
OF LIPUSOMES 

K .  ARNOLD, 0 .  ZSCHORNIG, W .  HEROLO, 0. BARTHEL 
I n s t i t u t e  o f  Biophysics,  School of Medicine, 
K a r l  Marx U n i v e r s i t y ,  Le ipz ig ,  G.D.R.  

INTRODUCTION 

Poly(ethy1ene g l y c o l )  (PEG) i s  a widely used agent f o r  t he  

f u s i o n  of c e l l s  and i t  i s  used as a f r a c t i o n a l  p r e c i p i t a -  

t i n g  agent for p r o t e i n  p u r i f i c a t i o n ,  i s o l a t i o n  and c r y s t a l -  

l i z a t i o n  . 
I t  was demonstrated t h a t  some o f  t he  e f f e c t s  o f  PEG on 

membrane p roper t i es  could be explained by an a l t e r a t i o n  of 
t he  physicochemical p r o p e r t i e s  o f  the surrounding aqueous 

2 phase a f t e r  a d d i t i o n  of PEG . PEG decreases the  p o l a r i t y  

and the  d i e l e c t r i c  constant o f  an aqueous phase3. Besides 

these e f f e c t s  PEG causes a h i g h  osmotic pressure and 

exe r t s  an osmotic s t ress  on the c e l l  because h i g h  molecular 

PEG does no t  permeate c e l l  membranes . 
I n  th is  paper exper imental  r e s u l t s  a re  g iven which support  

t he  hypothesis t h a t  PEG i s  excluded from the  membrane sur-  

face. The e lec t rophore t i c  m o b i l i t y  (EPM) o f  charged l i p o -  

somm i s  measured as a func t i on  o f  the PEG concentrat ion.  

1 

4 

MATERIALS AND METHOOS 

Dipalmi toy lphosphat id ic  a c i d  (DPPA) and d ipa lmi toy lphos-  

pha t idy l cho l i ne  (DPPC) from FLUKA ( West-Berlin) were used 
wi thout  f u r t h e r  p u r i f i c a t i o n .  
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358 K .  ARNOLD ef ul. 

The samples gave a single spot in thin-layer chromatography. 
Multilamellar vesicles (mixture DPPA/DPPC) were prepared 
by the method of DEAMER and OANGHAM5. The water used for 
the preparation of dispersions was twice distilled. The 
dispersions were buffered with tris. HC1 mol/l) from 
FLUKA. The aqueous dispersions were mixed with adequate 
volumes of aqueous solutions of PEG to get the appropriate 
final concentrations of the dispersions. PEG 6000 froni FLUKA 
was used without further purification. 
\Ic measured the EPM of the liposomes for different concen- 
trations of PEG by using a PARMOQUANT-2 (VEB Carl-Zeiss- 
Jena, GDR) in the dark field mode. 100 particles were mea- 
sured in both directions f o r  each experimental point. 
In addition the viscosity of the suspension medium fo r  dif- 
€crt:nt coriceritratirins [if PEG was measured by means of a 
t ior: p p 1 e r v i sc o s i meter . 

RESULTS 

Using the Helmholtz-Smoluchowski equation 

where 3 : electrokinetic potential (zeta 
u : electrophoretic mobility 
2: viscosity 
e : relative dielectric constant of the solution 
E.: permittivity of the vacuum 

we calculated values of the zeta potential 
Their absolute amounts grow with increasing PEG concentra- 
tion. 
Using eq.(l) means assuming tacitly that all premises under 
which it can bc derived are fulfilled. 

potential) 

from the EPM. 
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ELECTROPHORETIC MOBILITY OF LIPOSOMES 359 

Fur cxam;ilc! thc viscosity 1 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- 
cytcs performed in solutions of dextran BAUMLER and DONATH 
proposed a position dependent viscosity profile. If we adapt 
their strategy to systems with a smooth surface (liposomes) 
and (1) postulate a viscosity profile 

6 

: bulk viscosity (increaling with the concentration of 
PEG) 

: viscosity of the pure solvent 

z.0 
To x : distance from the surface 
x : distance of the shear plane from the surface s 
d : characteristic length 
arid 
(2) assume the value of the surface potential to be so small 
that linearization of the Poisson-Boltzmann equation is 
allowed, 
we have to modify the Helmholtz-Smoluchowski equation as 

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

- 4 )  J (4)  +a 
which turns out to be a linear function of the bulk visco- 
sity. 
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360 K. ARNOLD et ul. 

FIGURE 1 shows the apparent zeta p o t e n t i a l s  o f  t he  l i p o -  

somes p l o t t e d  vs. t he  bu lk  v i s c o s i t y  of the suspending me- 
rliuiii usiriFj l i n e a r  regress ion ana lys i s .  The c h a r a c t e r i s t i c  

1eii;ltii \ J ~ S  cst i inatud t c i  be d = 1.8 nm. 

Fo l lowiny t h i s  arqunient one can conclude t h a t  t h e  polymer 

is excluded from the surface l a y e r  o f  the liposomes. 

BULK VISCOSITY, 1 0 ' ~  Pas 
' 1  2 
6 

. BULK VISCOSITY, 1 0 ' ~  Pas 
- 1  2 
6 

Lu $ -201 

FIGURE 1. 

the bulk  v i s c o s i t y .  

DPPA/DPPC liposomes i n  

Dependence o f  t h e  apparent zeta p o t e n t i a l  on 

m o l / l  Tris, 10-1 rnol/l NaC1, 

mo l / l  EDTA, pH = 7.4, 25°C. 

DISCUSSION 

D i f f e r e n t  reasons have been given t o  exp la in  the  increase 

o f  the apparent EPM o f  ery throcytes i n  the  presence of dex- 

t r a n ,  PEG and other polymers. An exc lus ion o f  counter i ons  

from the surface and a decrease o f  t h e  i o n i c  s t reng th  ac- 

companied by an increase of the zeta p o t e n t i a l  have been 

assiirned t u  be the most probable cause . BfiUMLER and DONATH6 

found t h a t  such changes of the surface p o t e n t i a l  do not  

s u f f i c i e n t l y  descr ibe the behaviour o f  ery throcytes.  

7 
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ELECTROPHORETIC MOBILITY OF LIPOSOMES 361 

Liposomes have t h e  advantage t h a t  such a complex s u r f a c e  
structure a s  t h e  g lycoca lyx  does no t  exist .  The e l e c t r o -  
p h o r e t i c  measurements a r e  desc r ibed  by t h e  assumption of 
a distarlci: dr:;)cndi!rit v i s c o s i t y .  The c h a r a c t e r i s t i c  l e n g t h  
was c a l c u l a t c d  t r i  tic 1 . 0  mi. This  va lue  is i n  t h e  o r d e r  of 
t h e  r a d i u s  of an e q u i v a l e n t  r i g i d  sphe re  of PEG 6000 d e t e r -  

8 mined t o  be 2 . 6  nm from i n t r i n s i c  v i s c o s i t y  measurements . 
I t  is a l s o  c o n s i s t e n t  wi th  t h e  concept  t h a t  PEG is e f f e c -  
t i v e l y  excluded from t h e  hydra t ion  layer of t h e  l iposome 
s u r f a c e .  This  result is of b a s i c  importance f o r  t h e  i n t e r -  
p r e t a t i o n  of t h e  a c t i o n  of PEG on membranes and t h e  fuso-  
g e n i c  a c t i v i t i e s  of PEG. Many of t h e  e f f e c t s  of PEG on 
membranes have t o  be expla ined  by an i n d i r e c t  a c t i o n  media- 
t e d  by t h e  changed p r o p e r t i e s  of t h e  water phase .  
I t  has  r e c e n t l y  been e s t a b l i s h e d  t h a t  PEG is excluded from 
t h e  s u r f a c e  of water s o l u b l e  p r o t e i n s  9 y  1'. I t  was con- 
c luded  t h a t  t h e r e  is a water l a y e r  around t h e  p r o t e i n  which 
is impermeable t o  PEG. Such a behaviour is an expres s ion  of 
t h e  d i f f e r e n c e  between t h e  i n t e r a c t i o n s  of water  and PEG 

w i t h  t h e  s u r f a c e .  These s i m i l a r i t i e s  i n  t h e  behaviour  of 
PEG a t  ; r o t e i n  and liposome s u r f a c e s  l e a d  t o  e f f e c t s  com- 
parable t o  those  i n  t h e  ayyrega t ion  
somes i n  t h e  presence  of PEG. 

A dec rease  of t h e  s u r f a c e  p o t e n t i a l  of l i p i d  monolayers 
by s c v c r a l  hundred m i l l i v o l t s  on a d d i t i o n  of PEG was des- 

c r i b e d  by I I A G G I O  e t  a l l 1 ,  Such a dec rease  of t h e  s u r f a c e  
p o t c r i t i a l  d i d  n u t  occur i n  our expcriments f o r  l iposomes. 
The re fo re ,  t h i s  change of t h e  s u r f a c e  p o t e n t i a l  observed 
f o r  monolayers should mainly result from o r i e n t a t i o n  
chan[gcs of molecular d i p o l e s  i n  t h e  s u r f a c e .  

of p r o t e i n s  and l i p o -  
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