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{Human erythrocyte membrane)

of poi with cell surf; isa
dynamics within the surface coat of human eryth

as well as of

of general ms‘erest for cell aggregation and fusion, The molecular

protein (IMPs)

in the presence of poly(ethylene glycol) (PEG) were investigated by EPR spin labeling techniques and frecze-fracture

pectively. At PEG i

which induce aggregation of erythrocytes the surface coat and

the protein arrangement is not disturbed by the polymer. This implicate an exclusion of the polymer from the cell

surface.

Introduction

Poly(ethylene glycol)-induced cell-cell fusion is now
a standard technique in biological, medical and biotech-
nical practice, Important features of PEG-induced fu-
sion are the high fusion efficiency, its simple applxcauon

aqueous phase {6,8-11]. Fusogenic concentrations of
PEG caused a decrease of the dielectric constant of the
suspension medium [8,9} important for stability of the
membrane bilayer. PEG creates a 1.:gh osmotic pressure
[11}. The considerable dehydrating potency [10,12}
makes PEG suitable for membrane fusion, since there is

as well as the low toxicity. Although co: of
I ilable PEG enh the fusion extent
[1], it is now well accepted that PEG per se is able to
nucleate fusion [2].
However, 1he mlemcuon of PEG with biological
b and the h of and cell
fusion are not well urderstood. There were different
attempts to explain the mechanism of PEG promoted
aggregation and fusion of cells and vesicles, respec-
tively. A direct interaction of the polymer was often
supposed leading to alterations of membrane structure

<0} g evid that a p isite of membrane
fusion is to overcome the hydration force [13}. Further-
more, it has been shown that dehydration of bilayers
composed of lipids with different hydration properties
can cause phase within the [14).
Thus, without a direct interaction PEG is able to affect
structure and organization of membranes important for
fusion. Also aggregation of cells and vesicles, respec-
tively, can be explained on the basis of the volume
exclusion mechanism [15] and the resulting osmotic
force [16] without assuming a direct contact of PEG

which nucleate fusion of closely apposed t
[3.4]. Aggregation preceeding fusion was thought to be
caused by bridging of cells or vesicles by PEG [5],
However, our recent results pave experimental evi-
dence that PEG is excluded from the membrane surface
[6,7]. Therefore, we suggesied that PEG exerts its in-
fluence on membrane systems in an indirect manner
due to changes of the physicochemical properties of the
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P ic of huran erythrocy
rated that the ation of higher molecu-
lar weight PEG (> = 4000) near the membrane surface
(glycocalyx) is reduced compared to the bulk phase [7).
The present paper is thought to be a first attempt to
investigate molecular alterations within the surface coat
of human erythrocytes in the presence of PEG using
electron spin resonance spectroscopy. The molecular
motion in the glycocalyx was studied by (a) covalently
labeling of sialic acid residues of glycoproteins and
gangliosides and by (b) incorporating a charged spin
probe into the erythrocyte membrane which is sensitive
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to structural changes directly on the outer membrane
surface, It has been shown that binding at the cell
surface has distinct and pronounced effects on the
physical state of membrane proteins of the erythrocyte
[17.18]. Recently, we have shown that both labeling
approaches are sensitive to alteration within the mem-
brane surface coat, e.g. to electrostatic interactions and
to virus adsorption [19-21]. Lipid fluidity was explored
by fatty acid spin labels. Reatrangement of integral
membrane proteins under influence of PEG were fol-
lowed by electron microscopy.

Materials and Methods

Human erythrocytes of different donors were used
(blood-bank, Berlin-Lichtenberg) not later than 48 h
after blood sampling. After removal of plasma and
buffy coat (500 X g, 5 min) three washings with 5 vol. of
suspension medium followed at 2000 % g (10 min).
Erythrocyte ghosts were prepared according to the pro-
cedure of Dogde et al. [22].

PEG treatment. To avoid s(rong aggregauon of the
erythrocytes and to an on
of the polymer with the cells, PEG (Ferak, molecular
weigth 6000} dissolved in a modified Eagle’s medium
was mixed with erythrocytes by means of a adapted
rotation viscosimeter [23]. Uinder laminar shear condi-
tions aggregates with less than 20 cells were obtained at
hematocrit values up 10 30% in concentrated polymer
solutions. Cells were incubated for 5-7 min in the
polymer solution at 37°C. Thereafter the suspension
was diluted slowly with 10 volumes of Eagle’s medinm
and collectcd for further investigation by short centrifu-
gation at 300 X g.

The particle were counted using dark field mi-
croscopy ensuring also counting of eventually present
ghosts, The aggregation index was determined as fol-
lows:

number of cells in aggregates

A= """ hole cell number

X100 (%) m

Fusion index was calculated according to Ahkong et
al. [24). Extent of fusion was measured 30 min after
dilution. Longer incubation did not enhance the amount
of fused cells.

Spin labeling. Spin labeling of erythrocytes with the
fatty acids 1 (10, 3) (2- (3-carboxypmpyl) -2-decyl-4,4-di-
methyl-3- lidinyloxyl, Reanal Budap
(1, 14) (2-(14-carboxytetradecyl)-2-ethyl-4,4-dimethyl-

3-oxazolidinytoxyl, Syv& Palo Alto)} and of eryth
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K3Fe(CN), to prevent a loss of signal intensity by
chemical reduction of the NO-group caused by slight
hemolysis. Line shape was not effected at such a con-
centration of K ;Fe(CN),.

In case of DPPC vesicles (1.2-dipalmitoyl-sn-glycero-
3-phosphocholine, SERVA) the label CAT 16 was ad-
ded in a ratio of 1: 100 prior to sonication.

Sialic acid residues of glycoproteins and glycolipids
of erythrocyte ghosts were covalently labeled with Tem-
pamine (2,2,6,6-tetramcthyl-4-aminopiperidine-1-oxyl,
Reanal Bud ) [20] following the p of Feix
and Butterfield [26]. In all cases excess of spin label was
removed by repeated washings. It should be mentioned
that labeling of sialic acid residues did not abolish
negative charges.

Evaluation of EPR spectra. For the spin label CAT 16
the external peak distance 24, was used in the low
temperature region (5°C) as a relative measure of mo-
bility of the probe [19,20}]. At 37°C with fast motion of
the label the apparent correlation time 47 [19.20}
according to

Teat(ns) = 665107 WA H (G)- (|1 /i) =1) [e)

was estimated with AH | the linewidih of the low-field
component and /., and 7 _, the heights of the low-
and high-field line, respectively (see Fig. 4).

In the case of spin-labeled sialic acid residues the
following correlation times were calculated from the
spectra {20,26.27]:

sy = —5.9:167 8 Ho (G} (e /L ¥ - T/ LAY 43
Te (ns) = 665107 0B Hy (G} (o /10 14 Do /1. 1= 2)
(4

AH, and I, are the linewidth and the amplitude of the
mid-field line, respectively (see Fig. 2).

The outer hyperfine splitting 27, of 7(10.3) and the
apparent correlation time 74 of 7(1,14) were determined
for investigating the response of membrane fluidity to
the addition of PEG.

ESR measurements. EPR spectra were recorded on
an ESR 231 spectrometer (Ctr. Sci. Instr., Acad. Sci.,
G.D.R.) with a variable temperature equipment. The
temperature was measured by a small thermistor in-
serted into the flat quariz cell used (accuracy + 0.2°C).

with the cationic spm probe CAT 16 (l-oxyl-z 2,6, 6~le-
t yl-4-dimethyl i

Inst. Org Chemistry, Bulganan Academy of Science,
Sofia) was performed as already described [19,25]. In
the case of CAT 16 suspension media contained 1 mM

) and 1 Fr -fr electron i py. Erythrocytes,
wnhoul further pretrealment or fxxed with phosphate-
buife 1% hyde ane gnated with

20% glycerol, were sandwiched between double-replica
copper supports and rapidly frozen by plunging into
liquid prop The samples were fi d at - 150°C

in a BLAZERS BAF 400D apparatus and immediately
replicated by platinium/carbon evaporation. The repli-
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cas, cleaned with sodium hypochlorite bleached and
washed with distilled water, were examined in a TESLA
BS 500 electron microscope. Micrographs were orien-
tated with shadow direction from bottom to top.

Statistics. 1f not stated otherwise the two-tailed r-test
for paired observations was used at a significant ievel of
a = 0.01. Generally, the average and the standard devia-
tion were given.

Results

PEG-mediated aggregation and fusion of erythrocytes

1 igating the of the gl lyx to the
polymer such concentration of PEG were selected at
which apgregation started and fusion was observed,
respectively. In Fig. 1 the aggregation behaviour of
washed human erythrocytes as a function of the added
amount of PEG is shown., Obviously, aggregation was
observed at polymer concentrations as low as 7 wt%.
Although the presence of Ca®* (5 M) favoured
erythrocyte aggregation even at low PEG concentra-
tions, investigation of membrane surface voat by spin
labeling was performed in the absence of Ca®* to avoid
Ca?*-triggered membrane alterations {18] interfering
with those caused by PEG.

At polymer concentrations above 40 wt% fusion of
erythrocytes was established (not shown). The fusion
extent was about 10% using 45 to 50 wt% of PEG.
Under these diti ion was ind dent of

Fig. 2. EPR spectra of Tempamine-labeled sialic acid residues of the

the PEG concentration (Fig. 1).

On the basis of these results spectroscopic investiga-
tion of membrane surface coat was done at 7 wt% and
45 wi%, respectively.

Effect of PEG on molecular dynamics in the glycoclayx
EPR spectra of covalently spin-labeled sialic acid
residues on human erythrocyte membranes in the ab-
sence of PEG are shown in Fig. 2. The shape of the
spectra incasured at 5°C and 37°C indicated a rapid

100
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Fig. 1. Aggregation index Al of washed human erythrocytes as a
function of the PEG concentration in the medium, @, Eaglc's solution
without Ca®* (0.5 mM EDTAY); v, Eagle’s solution with 5 mM Ca?*.

of human red cell ghosts. A, control cells at 37°C. The
dotted line tepresents cells suspended in 7 wi% PEG 6000, B, cells
suspended in 7 wi% PEG 6000 after centrifugation. £y, /o, /_; are
the heights of the low-, mid- and high-field line, respectively, AH, is
the linewidih of the mid-field line. C, contral cells at 5°C. D, cells
suspended in 7 wi% PEG 6000 after centrifugation.

isotropic motion (narrow lines) even at low temperature
(at 5°C: 73=1.89+021 ns, 7c=25+035 ns; at
37°C: 13 =0.69 £ 0.04 n5; 7 =0.77 £ 0.05 ns; n=6).

In agreement with previous results [20] no immobi-
lized P {broad p in the sp
especially at low temperature, was observed. The dif-
ference between both correlation times At = 1. — 75 in-
dicated at least a small anisotropy of label motion [28]
i ing with ing the p e,

It is important to note that the covalently bound
label reflected a hydrophilic environment of the glyco-
calyx because the isotropic hyperfine splitting a;,, was
similar to that of the free label in agua dest. (16.8 G).
Therefore, this spin-labeling approach should be sensi-
tive to interaction of PEG present in the suspension
medium with glycocalyx molecules.

In the presence of 7 wi% PEG the shape as well as
the correlation times 7y and 7¢ were not significantly
different in comparison to control (not shown). How-
ever, after spinning down erythrocyte ghosts suspended
in a medium containing 7 wi% PEG (15000 rpm,




Janetzki K-24 centrifuge, rotor 6 X 26, 15 min) a sec-
ond, more immobilized component was detected over
the whole temperature region investigated (5°C-37°C)
(see Figs. 2B, 2D). This component was not observed by
centrifugation of ghosts in the absence of PEG. Super-
position of spectral components did not allow for de-
termination of correlation times. Removal of PEG by
ghost washing restored the shape of the spectrum and
the correlation times corresponded to that of the control
samples (not shown).

At 45 wi% of PEG the spectrum of covalently bound
‘Tempamine was dramatically altered. The pronounced
asymmetnic shape of the spectrum at 5°C supgested a
strong immobilization of sialic acid residues (Fig. 3)
with an external peak distance of about 69 G. It was not
possible to distinguish between spatial and /or temporal
restriction of label motion, It is well known that these
types of spectra are not very sensitive to alterations of
label environment (Saturation-transfer ESR is recom-
mended). Therefore, we could not deduce from the
spectrum that it refered only to a single component (see
below).

It should be mentioned that the spectrum of ihe free
Tempamine-label in an ag ! of 45 wi%
PEG reflects a rapid isotropic motion (not shown; e.g.
at 5°C:75=6.12-107" 5 at 45 mi% PEG, 75=0.19-
107® 5 control).

At elevated temperatures (ef. Fig, 3, 20°C and 37°C)
the anisotropic character of the spectrum of labeled
sialic acid residues was partially reduced. Obviously, at
least two c could be distinguished differing
significantly in their motional characteristic. Again, due
to restricted motion and superposition of different spec-
tral components as well the formalism of calculating
correlation times was not applicable. We did not suc-

Fig, 3. EPR spectra of Tempamine-labeled sialic acid residues of the

glycocalyx of human red cell ghosts suspended in 45 wi% PEG 6000

at 37°C (A), 20°C (B) and 5°C (C). ¢ A is the external peak
distance.
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Fig. 4. EPR spectra of CAT 16 spin label in human erythrocyte

with the used for eval of spectra (see

Fig. 2 and Materiuls and Methods). A, comtrol cells at 5°C. B, cells
incuhated in 45 wt% PEG 6000 at 37°C. €, control cells at 37°C.

ceed in subtracting the spectrum of the control (Figs.
2A and C) from that of the sample suspended at 45 wt%
of PEG. This suggested that also the more mobile
component of the spectrum measured in the presence of
fusogenic polymer concentration was restricted in com-
parison to the control. Although the rapid isotropic
motion of spin-labeled sialic acid residues was restored
by removal of PEG the correlation times rg and 7o
were significantly enhanced (e.g. 75 =226 +0.01 ns,
Te=3.00 £ 0.17 ns at 5°C) even after repeated wash-
ings. This effect was less pronounced, but significantly
present at 37°C. too. o loss of signal intensity was
established.

Typical spectra of the positively charged spin probe
CAT 16 incorporated into membranes of intact
erythrocytes at different temperatures are shown in Fig,
4. Because the N-O group of CAT 16 was located in the
vicinity of phospholipid headgroups [19.29), this label is
sensitive to alterations on the membrane surface {29-31].
The tempoylgroup is able to rotate about the C-N bond,
but in membranes this motion is restricted by steric as
well as electrostatic interactions [29,31], especially with
the negatively charged sialic acids of the glycocalyx. As
shown previously [19] the charged headgroup of CAT
16 is localized exclusively on the outer surface of the
erythrocyte membrane.

Because of the complex shape of the spectra at room
temperature [19] spectra were recorded at 5°C and
37°C in order to better approximate slow and fast
motional line shape, respectively. Being aware that an-
isotropic motion occurred 1o a certain extent [20] the
apparent correlation time 7.,r was calculated for spec-
tra measured at 37°C because they did not differ
significantly from those of isotropic motion (in the
absence of PEG 7c4r = (295 £ 0.42) ns, n=12).

At 37°C incubation of erythrocytes in the presence
of 45 wi% PEG changed the spectra markedly as com-
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Fig. 5. F: {i electron

showing

s ‘ i

fracture faces of erythrocytes in presence »f 45 wt% PEG 6000, (A) Region of close

contact, predominantly PF (protoplasmic fracture face), with aggregation of intramembranous particles (IMP) and smooth particle-free areas.
Where the fracture jumps into the apposed membrane complementarity of the smooth arzas can be seen (arrow). A small separated lipid structure
(L) is Jocated within the planar contact region. {B) Region of close comtact, predominantly EF (exoplasmic fracture face), showing the particle free

areas and smooth ellze of

lipids (L) localized outside of the contact region. In the vesicular structure two

tamellae are visible. (C) Normal random distribution of particles on the PF outside of the contact region. The furrow is the border of the vertically

ariented contact region and there are some smooth

pared to the control (Fig. 4) indicating partly immobili-
zation of the label. Similar to the results presented
above at least two can be distinguished
differing also in their motional characteristics. The more
mobile component seemed to be comparable to the
spectrum of the control sample. Removal of PEG re-
stored the spectrum of the control (7cay =(2.77 £ 0.19)
ns, n=6).

At 5°C both components seen at 37°C merge into 2
single anisotropic spectrum which did not differ from
that of the control sample. No significant diff

of segr Tipids (L). M 40000
between the external peak distances 24, were estab-
lished (control: (64.3+0.72) G, n=12; at 45 wi%
PEG: (64.6 £ 0.94) G, n=9). A slight reduction of 24;
was established after removal of PEG: 24,= (634 +
0.78) ns. Again, we were not able to decide whether
these is only one component contributing to the signal.
No significant influence of PEG at 7 wt% on spectra
of CAT 16 was found.
Using DPPC-vesicles labeled with CAT 16 the spec-
trum did not split into two components at fusogenic

of the polymer (not shown) even at



37°C. Interestingly, the apparent correlation time 7.4¢
was not significantly enhanced in comparison to the
control (7car 2 2.1 ns at 37°C). Also Gawrisch {32] did
not observe different components of the spectrum of
CAT 16 inserted into egg phosphatidylcholine mem-
branes at 60 wi% PEG.

Under no ci a signal P of CAT
16 corresponding to free label in the suspension medium
was observed. This suggest a strong anchoring of the
label within the membrane even at high PEG concentra-
tions.

Efject of PEG on lipid phase ¢f human erythrocyte mem-
branes

In accordance with previous investigations [33] we
have found that the outer hyperfine splitting 27} of the
fatty acid spin label I(10,3) incorporated into the hu-

Fig. 6. Fi electron

showing

151

man erythrocyte membrane remained unchanged up to
60 wt%. The values obtained for 27} were 542 + 0.6 G
and 55+ 04 G a1 37°C and 63 + 0.3 G and 63.6 + 0.4
G at 5°C for controll cells and cells incubated in 60
wt% PEG, respectively. Furthermore, removal of PEG
did not effect 27, at 5°C and 37°C, respectively.
Similar conclusions could be drawn on the basis of the
order parameter S of the spectra measured at 37°C
calculated according to Grffith and Jost [33] (not
shown).

Also, we failed to establish an effect of PEG on the
lipid phase using the fatty acid spin label 1(1,14) with
the nitroxide located deeper within the hydrophobic tail
of the membrane. Both the shape of the spectra and the
apparent correlation t'me 7y (about 1.5 ns at 20°C)

ined h d i1 the p of high polymer

concentrations (not shown).

i

i, i §
feacture faces of erythrocyles not incubated with PEG 6000 (A) and of incubated

cells after removal of most of the polymer (B, C, D). {A) Normal random distribution of particles on the PF (controi). {B and C) Distribution of

particles on the PF, indicating a more clustered state compared to the control (PEG diluted from 45 wi% to < 4wt®; incubated a1 37°C for 75

min). (D) Contact region, PF and EF without the large parlicle-free arcas. Only small *contact points’ (arrow) and separated lipid structures (L) are
present (PEG diluted from 45 wt% to < 4 wi%: incubation of cells for 75 min at 37° C). Magnification: 40000 .
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Protein rearrangement observed by electron mlcmscapy
Membrane fracture faces of eryth

given by Hui et al. [38] who observed IMP aggregation

in PEG solutions of 7 or 10 wi% (not shown) were
comparable to those of the control showing a random:
distribution of intramembrane particles (IMP) (Fig. 6).
However, incubation at 45 wl% PEG mduced alter-
ations of the lateral organi of app
(Fig. 5) in the contact region of aggregated cells. The
strong aggregation of particles (IMP) was accompanied
by formation of smooth areas without particles. The
particle-free areas of the two adjacent membranes were
complementary. Furthermore, more or less separated
smooth vesicular or flat structurcs were observed which
are probably segregated membrane lipids. In some cases
fracture revealed the involvement of two bilayers (Fig.
5B). These lipid structures were frequently localized at
the peripheral zone of contact regions (Figs. 6B and
6C), but could be observed also within the contact
region (Fig. 6C) and in form of separated vesicles.

The large IMP-free areas disappeared when the cells
were incubated for 10 min at 37°C after dilution of
PEG (Fig. 6D). However, aggregated particles in form

within mujtilamellar glycophorin/egg phosphatidylcho-
line recombinant vesicles in areas which are beyond the
reach of PEG. Also McDonald [12] was able to induce
vesicie fusion by separating PEG from the vesicle solu-
tion by a dialysis tube. Using spin-labeled PEG Boss
(39] failed to establish a direct interaction between PEG
and membrane lipids from plant protoplasts.

The aksence of a direct interaction of PEG with
membrane components and the existence of a depletion
layer is in agreement with the results of our spin label-
ing investigations of the surface coat suspending
erythrocyie membranes at 7 wt% of PEG where cell
aggregation starts. Also labeling of sialic acid residues
failed to deiect any significant effcct of PEG on molecu-
lar dynaraics within the glycocalyx, One should be kept
in mind that this amount of PEG corresponded to a
rather high concentration of about 10 mM enhancing
the bulk viscosity about three times (7] in comparison to
that of the suspension medium without PEG. Butter-
field et al. [18] found a 33% reduction in the apparent
correlation time 7 of the spin label attached to sialic

of small clusters distributed over the whole t
(Figs. 6B and 6C) were still visible after prolonged
incubation (up to 60 min). These results are in accor-
dance with those of Knutton [35].

Discussion

Since up to now there was no evidence for a direct
interaction between PEG and membranes we proposed
recently that the fusogenic activity of PEG arises from
the altered physicochemical properties of the aqueous
solution which lead to a strong aggregation of mem-
branes, a destabilization of the membrane, ges of

acid by addition of 40 upM of the lectin wheat germ
agglutinin binding to glycophorin A, Also b

of influence virus to eryth t i
7 [20). The absence of any polymer-~cell surface inter-
action was also supported by the finding that in the case
of 7 wi% of PEG no changes of shape as well as 24
and 7car of the spectra of CAT 16 incorporated into
erylhrocyte membranes occur.

At i ic polymer ions spectra of
spin-labeled sialic acid residues of the erythrocyte gly-
cocalyx reflected at least two different label environ-
ments. We suggest that the more immobilized compo-
nent corresponds to aggregates of IMP as observed with
f

membrane structure and osmotic stress on cells. These
effects may occur without any direct interaction be-
tween PEG and the membrane. The absence of a direct
interaction of high molecular weight PEG with mem-
branes is sirengthened by different experimental evi-
dence.

From NMR and neutron scattering data we have
evidence that PEG of molecular weight higher than 400
does not interact with lipid membranes directdy and is
excluded from the area of close contact of two apposed
membranes [32,36]. Recently, we have shown by means
of el horetic mobility of human
e"ythrocytes that PEG of higher molecular weights form
depletion layers near the cell surface [7] similar as
described for dextran by Baumler and Donath [37). The
viscosity of the double layer determining also the mobil-
ity of cells was lower than the bulk viscosity since the
depletion layer was in the order of the thickness of the
double layer or even higher. Further indication for an
indirect action of PEG on membrane siructure was

i electron py and/or sialic acid
residues entrapped between two closely apposed mem-
branes. It was shown by several authors that IMPs
consist of band 3 proteins and glycophorin as well [40].
This suggestion is confirmed (1) by the appearance of a
additional more restricted component of covalently at-
tached label after centrifugation of the sample in the
presence of 7 wt% enhancing considerable cell aggre-
gation and (2) that the disappearance of aggregates of
IMPs after removing PEG was accompanied with a
restoring of rapid jsotropic motion of spin label at-
tached to sialic acid residues. Also the formation of
small clusters of particles over the whole membrane
after removal of the polymer was in line with the
significant enhanced apparent correlation times 7 and
7¢ observed in comparison to the controll.

The more mobile component at 45 wi% of PEG (Fig.
3) was assumed to belong to spin-labeled oligosac-
charide chains not involved in aggregates of IMPs. It
turned out by spectral subtraction (see Resuits) that this
component was also restricted in comparison to control.



This can be explained quite easily. With increasing
polymer concentration in the bulk phase the chemical
p tal of PEG b targer. Th , even if
close approach of PEG to cell surface was statistically
unfavourable [7,37], now, some of the PEG molecules
are forced to occupy space within the glycocalyx. As a
result Jabel motion is restricted.

The spectra of the CAT 16 incorporated into
erythrocyte membranes splitted also at least into two
components at elevated temperatures. Probably, the
more immobilized component was due to label assocci-
ated with and/or intercalated in aggregates of IMPs.
This assumption was supported by the absence of such
a p in DPPC- at fu ic poly-
mer concentrations. Furthermore, we obtained evidence
for an elecirostatic interaction between the positively
choline group and the negatively sialic acid residucs
mainly attacted to glycophorin [20]. The motional fea-
tures of the more mobile component probably not asso-
ciated with aggregates of IMPs seemed to be compara-
ble to those of the control suggesting only a minor
influence of PEG on phospholipid headgroup motion in
agreement with our earlier results measuring headgroup
motions on erythrocyte ghosts using > P-NMR [10]. We
observed also no significant enhancement of 7., in
DPPC-membranes after addition of PEG.

The observed alterations of the molecular dynamics
of CAT 16 and of covalently labeled sialic acid residues
are not caused by the change of the physical state of
lipid phase as revealed with spin-labeled fatty acids.

Summarizing, our results supported the existence of a
higher molecular weight PEG depletion layer on the cell
surface. It underlines that aggregation as well as fusion
do not arise from a direct interaction between PEG and
membranes, but rather from altered physicochemical
properties of water surrounding the cells. Probably,
aggregation of human erythrocytes is achieved by
volume exclusion of cells from the polymer as proposed
for protein precipitation [41,42] and vesicle aggregation
[1s).
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