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ABSTRACT  Hemolysis of human or chicken erythrocres
by Sendai virus causes a change in the structure of the erythro-
crte membrane lipid bilayer that can be detected by spin label
electron spin resonance. In the intact erythrocyte, the phos-
phatidylcholine derivative spin label exists in a more rigid en-
vironment than the corresponding phosphatidylethanolamine
label. Virus-induced hemo?osis temfs to abolish this difference
in fluidity, i.e., the region of the phosphatidylcholine spin label
becomes more fluid and that of the phosphatidylethanolamine
spin label becomes more rigid. Fatty acid derivative spin labels,
which may detect some “average” environment, show no change
in fluidity. The fluidity change is detected at several different
sitions in the fatty acyl chain of the phosphatidylcholine spin
abel. Sendai virions grown in Madin-Darby bovine kidnez
gWDBK) cells or grown in eggs and harvested early, which lac
emolytic activity, cause no significant change in bilayer
structure. Hemolytic activity and the ability to alter erythrocyte
bilayer fluidity can be activated in MDBK-grown Sendai virions
by trypsin treatment in vitro and in early-harvest egg-grown
Sendai virions by freezing and thawing. Erythrocyte ghosts
pregared by osmotic hemolysis and resealed by treatment with
Mg2* or elevated ionic strength exhibit a difference in fluidity
between phosphatidylcholine and phosphatidylethanolamine
spin labels, although less than that observed in whole cells. In-
cubation of resealed ghosts with Sendai virus abolishes the
difference in fluidity. Unsealed ghosts that have been exten-
sively washed show no heterogeneity in membrane bilayer
fluidity, and incubation with Sendai virus causes no further
fluidity change. Virus-induced hemolysis as measured by he-
moglobin release is more sensitive to inhibition by Ca2* than
is the associated fluidity change in the bilayer.

In parainfluenza viruses such as Sendai virus, several biological
activities are associated with the glycoprotein “spikes” present
on the outer surface of the membrane-like envelope. Hemag-
glutination and neuraminidase activities are associated with one
glycoprotein, HN, while hemolytic and cell-fusing activities
are associated with the other glycoprotein, F (1-4). Interaction
of enveloped viruses with cell membranes can cause changes
in membrane structure that can be detected using the tech-
niques of spin label electron spin resonance (ESR). Agglutina-
tion by influenza and Sendai viruses causes the membrane lipid
bilayer of chicken but not human erythrocytes to become more
fluid (5). This change in bilayer fluidity reflects changes in the
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interaction of the virus receptor with the lipid bilayer that may
be mediated by microtubule-like systems, since the hemag-
glutination-induced fluidity change is sensitive to drugs that
interfere with the function of microtubules (5).

We present here results indicating that changes in bilayer
fluidity occur in both human and chicken erythrocytes fol-
lowing hemolysis by Sendai virus. Most of the experiments were
performed on human erythrocytes, because the fluidity changes
following hemolysis are not superimposed on hemagglutina-
tion-induced changes. The nature of the fluidity change de-
pends upon the region of the lipid bilayer examined. The re-
gions probed by the phosphatidylcholine spin label derivatives
become more fluid, while those of the phosphatidylethanola-
mine label become more rigid. The effects on erythrocyte
membrane structure of virus-induced hemolysis are similar in
many respects to the effects of osmotic hemolysis (6). The viral
factors involved in the fluidity change of the erythrocyte
membrane were examined by altering the biological activities
of the virus using appropriate conditions of virus cultivation.
These experiments show that the viral glycoprotein F is re-
quired to alter membrane fluidity, but that the action of this
protein does not lead to a fluidity change under conditions
where lysis does not occur. It is suggested that the observed
structural changes are probably due to alterations in the in-
teraction between the lipids and proteins on the interior surface
of the membrane.

MATERIALS AND METHODS

Chemicals. The stearic acid derivative spin labels, C,,, have
the structure

CH3_ (CHg)n.,,_ C\'—(CHZ),,ZCOOH

0/ N—O

(o)

The spin labels Cs and C,6 were obtained from Syva, Palo Alto,
CA. The C7 label was synthesized according to Jost et al. (7) and
Ciz according to Waggoner et al. (8). The phosphatidylcholine
spin labels (PCn)

I
CH,—0—C—R

N—O
CH,(CH,) ,-—C/—(CH._.),,— C—0—CH

(0]

I +
HQ—O_P_O_(CH2)2_N(CHJ)J

PC5:j=10, k=3; PC7: j=10, k=5; PC12:j =5 k=10; PC16: j =1, k=14

Abbreviations: ESR, electron spin resonance; MDBK cells, Madin-
Darby bovine kidney cells; HAU, hemagglutinating units.
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were synthesized using carbonyl diimidazole (9). PC5 was
synthesized using the nitroxide derivative of palmitic acid (10).
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FIG. 1. Effect of Sendai virus-induced hemolysis on the structure
of the lipid bilayer of the plasma membrane of human erythrocytes
as detected by phosphatidylcholine derivative spin labels. Spectra
were recorded at 21°. Vertical lines are drawn through the outermost
peaks of the spectra. The splitting of the outermost peaks (2A’,,) is
defined for the control PC12 spectrum. Each spectrum is a time av-
erage of nine repetitive scans. One gauss = 10~4 tesla.

The phosphatidylethanolamine spin label (PE12) was synthe-
sized from PC12 by the transphosphatidylation reaction of
phospholipase D (Sigma Chemical Co.) (11), and purified on
a silicic acid column (9). The phosphatidic acid spin label
(PA12) was synthesized from PC12 by the action of phospho-
lipase D (11) and purified by preparative thin-layer chroma-
tography on silica gel in chloroform/methanol/acetic acid/
water (80:13:8:0.3, vol/vol).

Virus. Sendai virus was grown in embryonated hen eggs or
in Madin-Darby bovine kidney (MDBK) cells (4). Unless oth-
erwise stated, the virus used in experiments was grown in eggs
and harvested 48 hr after infection (late harvest). The WSN
strain of influenza A virus was grown in MDBK cells (12). The
viruses were purified as described (13). Hemagglutination ti-
trations were performed as described (4). Some variability in
the ratio of hemolytic activity to hemagglutinating activity of
different virus preparations was noted.

Spin Labeling of Erythrocytes. Erythrocytes were obtained
from freshly drawn, heparinized human and chicken blood (5).
The cells were washed four times with cold 150 mM NaCl/10
mM Tris-HCI (pH 7.4). A suspension of phospholipid derivative
spin labels (1 mg/ml) in the same buffer was sonicated under
Ng at 4°, three times for 5-min intervals, with a Heat Systems
Sonifier followed by centrifugation at 18,000 X g for 15 min.
The supernatant was added to an equal volume of packed
erythrocytes, and bovine serum albumin (14) (essentially free
of fatty acids, 10 mg/ml, Sigma Chemical Co.) was added to
a final concentration of 1 mg/ml. The cells labeled for 4 hr at
37° (6 hr for PE12) were washed three times with Tris-buffered
saline (pH 7.4). Because PC5 and PE12 are not well suspended
in the pure state, they were premixed with an equal amount of
egg yolk phosphatidylcholine (15) in chloroform before the lipid
suspension was formed (2 mg/ml of total phospholipid). In-
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clusion of an equal amount of egg lecithin in the PC12 vesicles
does not alter the ESR spectrum. Erythrocytes were labeled
with Cs and C)2 by exchange from unfiltered spin label-bovine
serum albumin complex (13, 16).

Hemolysis of Spin-Labeled Erythrocytes. Spin-labeled
erythrocytes (0.1 ml of packed cells) were incubated with virus
[200-8000 hemagglutinating units (HAU)] in a final volume
of 3.0 ml of Tris-buffered saline (pH 7.4) on ice for 10 min,
followed by 1 hr at 37° with shaking (at which time the end
point of hemoglobin release had been reached). The samples
were cooled in an ice bath for 5 min and centrifuged at 18,000
X g for 15 min. The absorbance of the supernatant was deter-
mined at 590 nm. The absorbance is linear with hemoglobin
concentration to an absorbance of 2.0. The experimental control
without virus corresponds to no hemolysis, and the sample with
cells incubated in buffer without NaCl or virus corresponds to
100% hemolysis. The ESR spectrum of the pellet in an aqueous
cell with a capillary tip (James F. Scanlon Co.) was recorded
at room temperature with a Varian E-12 spectrometer, inter-
faced to a Texas Instruments 980A computer (17). The pellet
was not oriented in the sample cell. Data in each of the tables
and figures are from representative experiments, each repeated
at least two more times.

RESULTS

Hemolysis of human erythrocytes by Sendai virus results in a
structural change in the lipid bilayer of the erythrocyte mem-
brane as detected by spin-labeled derivatives of phospholipids
incorporated into the erythrocyte membrane. Fig. 1 shows the
ESR spectrum of phosphatidylcholine derivatives (PCn) con-
taining a nitroxide free radical at various positions along the
fatty acyl chain in the erythrocyte membrane before and after
virus-induced hemolysis. Hemolysis by Sendai virus increases
the fluidity of the erythrecyte membrane bilayer detected by
phosphatidylcholine derivative spin labels, as indicated by a
decrease in the splitting between the outermost peaks of the
spectrum (2A’,,, defined in Fig. 1) for each position in the fatty
acyl chain examined (7, 10). As seen in Fig. 1, the motion of
phospholipid fatty acyl chains in a lipid bilayer progressively
increases at greater distances from the glycerol backbone, re-
sulting in smaller spectral splitting (7, 10). The region probed
by PC12 exhibits the largest change in 2A”,,, while the PC5 and
PC16 labels reflect less of a change. The shapes of ESR spectra
of PC16-labeled intact and hemolyzed erythrocytes indicate
that the spin labels are incorporated into the lipid bilayer and
that no significant fraction of the spin label is tightly bound to
protein (16).

Heterogeneity in the distribution of membrane lipids may
result in regions within the lipid bilayer that are characterized
by different fluidity. Heterogeneity in the fluidity of the
erythrocyte membrane has been observed (6). Table 1 illustrates
the structural change in the membrane bilayer following
virus-induced hemolysis detected by different types of spin
labels. The heterogeneity in fluidity is readily seen by com-
paring 2A’,, of the different labels in intact cells, which show
that the phosphatidylcholine derivative spin label experiences
a more rigid environment than does the phosphatidylethano-
lamine derivative. Following virus-induced hemolysis, this
heterogeneity disappears with increasing virus concentration:
the environment of the phosphatidylcholine spin label becomes
more fluid while that of the phosphatidylethanolamine spin
label becomes more rigid. The phosphatidic acid (PA12) de-
rivative spin label gives results similar to those of the phos-
phatidylethanolamine label. The fatty acid derivative spin la-
bels, Cs and C,5, which may detect some “average” environ-
ment, show no change after hemolysis by Sendai virus. Direct



1920  Biochemistry: Lyles and Landsberger

Table 1. ESR spectral splitting of spin labels in the human
erythrocyte membrane after hemolysis by Sendai virus

2A’,; (gauss)

Label Control + Sendai virus
PC12 51.5 49.1
PE12 454 48.5
C; 58.3 58.5
C,, 52.9 52.6

Spin-labeled human erythrocytes (0.1 ml of packed cells) were in-
cubated with late harvest Sendai virus grown in eggs (8000 HAU) for
1 hr at 37° as described in Materials and Methods. Spectra were re-
corded at a room temperature of 21°. The ESR spectral splitting
(2A’;,) is defined in Fig. 1. In general, differences in 2A’,, greater than
+0.3 gauss can be detected by superposition of spectra.

comparison of the splitting of the C,; label with that of the
phospholipid derivatives is difficult, because fatty acid deriv-
ative spin labels appear to probe regions slightly closer to the
bilayer surface than do the corresponding phospholipid de-
rivatives (18). The complex effect on membrane bilayer fluidity
by virus-induced hemolysis is similar to the effect of osmotic
lysis, which also increases the fluidity of phosphatidylcholine
spin labels, decreases that of phosphatidylethanolamine spin
labels, and has no effect on fatty acid derivative spin labels (6,
16).

Table 2 shows the effect of hemolysis on spin-labeled
erythrocytes by Sendai virus preparations, the biological ac-
tivities of which have been modified by the appropriate choice
of the conditions of virus cultivation. Sendai virions grown in
MDBK cells lack the F glycoprotein, which is responsible for
the hemolytic and cell-fusing activities of the virus, but contain
Fo, an inactive precursor to F which can be activated by trypsin
cleavage in vitro (4). The structural change in the lipid bilayer
of the erythrocyte following hemolysis is dependent upon an
active F protein, since MDBK-grown Sendai virions have little
effect on the spectral splitting of phosphatidylcholine derivative

Table 2. Effect of Sendai virus preparations lacking
hemolytic activity on ESR spectrum of PC12 spin label
in the human erythrocyte membrane

% hemo-
globin 2A',,
Virus release (gauss)

None 0 52.2

Sendaiegg—late harvest* 52.2 50.4

SendaiMDBKT 11.9 51.5

Sendaiypgk—trypsin activatedt 30.8 50.1

Sendaieg,—early harvest* 2.5 51.9
Sendaieg;—early harvest, frozen

and thawed* 46.2 50.5

None—human erythrocyte ghostst 100 49.3

PC12-labeled human erythrocytes (0.1 ml of packed cells) were
incubated with Sendai virus (500 HAU) for 1 hr at 37° as described
in Materials and Methods.

* Sendai virus grown in eggs was harvested at either 24 hr (early
harvest) or the usual 48 hr after infection (late harvest). Hemolysis
activity of early harvest virus was induced by freezing and thawing
10 times.

t Sendai virus was grown in MDBK cells and hemolysis activity was
activated by trypsin treatment as described by Scheid and Choppin
4).

t Hemoglobin-free erythrocyte ghosts were prepared according to
Steck (21).
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FIG. 2. Effect of Sendai virus concentration on’the structural
change in human erythrocyte plasma membrane as a result of he-
molysis. PC12-labeled erythrocytes: m—m, % hemoglobin release;
@- - -0, 2A’,,. PE12-labeled erythrocytes: 0—0D, % hemoglobin re-
lease; O- - -0, 2A’,,. Spectra were recorded at 21°. To demonstrate
the correspondence between the observed hemoglobin release and the
ESR spectral change for both labels, the direction of the % hemoglobin
release axis is inverted, and the scale of the 2A’,, axis is expanded
slightly above the position indicated by the arrow for the PC12 data.
The 2A’,, value corresponding to 100% hemolysis was measured from
spectra of spin-labeled hemoglobin-free ghosts prepared by osmotic
lysis using the procedure described by Steck (21), whose spectra ex-
hibit no difference in 2A’,, between PC12 and PE12 (compare Table
3).

spin label PC12, while trypsin-activated, MDBK-grown Sendai
virions cause a decrease in 2A’,, of the spectrum consistent with
their greater hemolytic activity (Table 2). When Sendai virus
grown in embryonated eggs is harvested 24 hr after infection
instead of the usual 48 hr, it lacks hemolytic activity even
though it has an active F glycoprotein and is able to cause cell
fusion. Hemolytic activity can be activated in early harvest
virions by a number of techniques, including freezing and
thawing, possibly by inducing a change in the virus envelope
necessary for hemolysis (19). Early harvest Sendai virions cause
no structural change in the lipid bilayer of human erythrocytes,
while virions activated by freezing and thawing do (i.e., a de-
crease in 2A’,; as seen in Table 2). Thus, only those Sendai vi-
rions possessing hemolytic activity are able to alter the bilayer
fluidity as detected by phospholipid derivative spin labels.
The dependence on virus concentration of the fluidity
changes detected by phosphatidylcholine and phosphati-
dylethanolamine derivative spin labels (PC12 and PE12) after
hemolysis by egg-grown Sendai virus is shown in Fig. 2. The
extent of hemolysis as measured by hemoglobin release is also
shown as a function of virus concentration, and is superimposed
on the plots of the fluidity changes by letting the spectral
splitting of spin-labeled erythrocyte ghosts correspond to 100%
hemolysis. The structural change in the erythrocyte lipid bilayer
detected by phosphatidylcholine and phosphatidylethanola-
mine spin labels directly reflects the extent of hemolysis as
measured by hemoglobin release. The close correspondence
between hemoglobin release and the structural change in the
erythrocyte lipid bilayer can be altered by including divalent
cations in the hemolysis reaction. As shown in Fig, 3, Ca2*, and
to a lesser extent Mg?*, inhibits hemolysis induced by Sendai
virus as measured by hemoglobin release (20), but the fluidity
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FIG. 3. Inhibition by divalent cations of Sendai virus-induced
hemolysis of human erythrocytes labeled with PC12. (4) Effect of
divalent cation concentration; MgCl, or CaCl, was added at the in-
dicated concentrations; virus concentration is 1000 HAU. Hemoglobin
release is plotted as percent of control (i.e., virus without divalent
cations). (B) Effect of Sendai virus concentration; CaCl, concentration
is 5 mM. Spectra were recorded at 20°. The 2A’,, scales in both A and

B were chosen to correspond to the appropriate percent hemoglobin
release.

change in the erythrocyte bilayer is inhibited to a lesser ex-
tent.

The effect of Sendai virus on spin-labeled erythrocyte ghosts
also illustrates the similarity of the effects of osmotic and
virus-induced hemolysis. Erythrocyte ghosts, prepared by the
usual procedure of lysis in hypotonic buffer followed by ex-
tensive washing to remove hemoglobin, do not show the het-
erogeneity in membrane fluidity between phosphatidylcholine
and phosphatidylethanolamine spin labels seen in intact cells
(ref. 6 and Table 3). Incubation with Sendai virus causes no
further change in the spin label spectrum in addition to that
resulting from osmotic hemolysis (Table 3). Ghosts can be re-
sealed by including 1 mM MgSOy in the hypotonic buffer at
4° or by incubating ghosts, which have not been extensively
washed, in isotonic salt solutions at 37° (21). Mg2* ions inhibit
the fluidity changes in the erythrocyte bilayer following osmotic
lysis when hemolysis is carried out at 0° (although no inhibition
is observed at 37°, the temperature at which virus-induced
hemolysis is assayed) (ref. 6 and Table 3). Ghosts resealed in
isotonic NaCl also exhibit some heterogeneity in bilayer fluidity,
although much less than intact cells or Mg2+-sealed ghosts
(Table 3). This remaining heterogeneity in the ghosts is present
before the addition of NaCl. Incubation of spin-labeled ghosts,
resealed by either method, with Sendai virus for 1 hr at 37°
abolishes the remaining heterogeneity in bilayer fluidity (Table
3).

Chicken erythrocyte plasma membranes undergo a structural
change detectable by the PC12 spin label upon hemaggluti-
nation by influenza virus or Sendai virus grown in MDBK cells
(Table 4). Upon hemolysis of chicken erythrocytes by egg-
grown Sendai virus, a much larger decrease in spectral splitting
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Table 3. Effect of Sendai virus on spectrum of PC12
and PE12 spin labels in human erythrocyte ghosts

2A’,, (gauss)
Type of erythrocyte

membrane PC12 PE12 PC12 - PE12*

Intact cell 50.8 45.5 5.3

+ Sendai virus 49.0 48.9 0.1
Mg?*-sealed ghosts 49.6 46.2 3.4

+ Sendai virus 48.8 47.9 0.9
NaCl-sealed ghosts 48.8 47.4 1.4

+ Sendai virus 49.0 48.7 0.3
Unsealed ghosts

(washed three X ) 48.7 48.6 0.1

+ Sendai virus 48.9 48.6 0.3

Spin-labeled human erythrocyte ghosts (0.1 ml of packed cells)
prepared according to Steck (21) were incubated with late harvest
egg-grown Sendai virus (8000 HAU) for 1 hr at 37° in the buffer in
which they were prepared. Spectra in this table were recorded at a
room temperature of 22°.

* The difference between the spectral splitting of PC12 and PE12 can
be used as a measure of bilayer heterogeneity.

occurs, similar to that seen upon hemolysis of human erythro-
cytes.

DISCUSSION

Spin label ESR methods have been useful in studying the var-
ious aspects of the interaction of enveloped viruses with cell
membranes. A previous study revealed changes in membrane
lipid bilayer fluidity upon agglutination of avian erythrocytes
by viruses and lectins (5). It has been shown that cell fusion
induced by Sendai virus results in the intermixing of lipids in
the membranes being fused (22). As shown here, changes in
erythrocyte membrane structure occur following hemolysis
induced by Sendai virus.

The nature of the membrane structural change that follows
virus-induced hemolysis is rather complex. In the erythrocyte
membrane, the phosphatidylcholine derivative spin label exists
in a more rigid environment than does the phosphatidyletha-
nolamine derivative (ref. 6 and Table 1). This heterogeneity
in membrane fluidity disappears upon hemolysis, i.e., the en-
vironment of the phosphatidylcholine spin label becomes more
fluid and that of the phosphatidylethanolamine spin label be-
comes more rigid. Interestingly, the fatty acid derivative spin
labels, which may reflect an “average” fluidity of the mem-
brane bilayer, are unaffected by hemolysis. The same pattern
of fluidity changes is seen following osmotic hemolysis (6, 16).
Similar results have been obtained by complement-induced
hemolysis (23).

Table 4. ESR spectral splitting of PC12 spin label in
chicken erythrocyte membranes after viral agglutination
and hemolysis

% hemoglobin

Virus release 2A’,, (gauss)
None 0 55.7
Influenza 1.8 55.1
SendaiMDBK 8.3 54.6
Sendaiggg—late harvest 30.8 51.0

Spin-labeled chicken erythrocytes (0.1 ml of packed cells) were
incubated with virus (1000 HAU) for 1 hr at 37° as described in Ma-
terials and Methods. Spectra in this table were recorded at a room
temperature of 20°.
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Tanaka and Ohnishi (6) have implicated proteins on the in-
terior surface of the erythrocyte membrane in the maintenance
of heterogeneity in lipid fluidity, and have suggested that al-
terations in these proteins occur following hemolysis which
result in the disappearance of this heterogeneity. This hy-
pothesis is supported by the present observation that erythrocyte
ghosts that have not been extensively washed retain a limited
amount of bilayer heterogeneity that disappears upon subse-
quent washing. Incubation of ghosts in low ionic strength
buffers causes release of detectable amounts of membrane
protein even at 4° (24). The similarity between the effects of
virus-induced hemolysis and osmotic hemolysis suggests that
virus-induced hemolysis also alters lipid-protein interactions
on the interior surface of the erythrocyte membrane, and this
alteration of protein on the interior surface of the membrane
leads, in turn, to a change in structure of the lipid bilayer.

Sendai virions lacking full hemolytic activity at 37° can be
obtained by growing Sendai virus in MDBK cells or by har-
vesting egg-grown Sendai virus 24 hr after infection instead of
the usual 48 hr. MDBK-grown virions have an inactive pre-
cursor to the F glycoprotein responsible for hemolysis and cell
fusion, which can be activated by trypsin treatment in vitro (4).
Early harvest egg-grown virions, although containing an F
protein that can cause cell fusion, are unable to lyse erythro-
cytes, possibly because of a structural difference in the viral
envelope involving ion permeability (19). Neither MDBK-
grown Sendai virus nor egg-grown virus harvested early causes
a significant change in the fluidity of phospholipids in the
human erythrocyte membrane, while trypsin-activated,
MDBK-grown Sendai virus or frozen and thawed early harvest
virus causes a change similar to that of fully active, egg-grown
Sendai virus. Thus, it appears that not only for hemolysis itself,
but also for the viral hemolysis-induced fluidity change in the
erythrocyte membrane, the action of the F glycoprotein, al-
though required, is not sufficient.

Ca?* and to a limited extent Mg2* inhibit virus-induced
hemolysis as measured by hemoglobin release (ref. 20 and Fig.
3), but have less of an effect on the bilayer fluidity changes (Fig.
3). This discrepancy may arise from the ability of divalent
cations to induce resealing of leaks in the erythrocyte mem-
brane (21), thus preventing complete hemoglobin release from
cells in which the structural change in the bilayer has already
occurred. The effect of divalent cations on bilayer fluidity
changes following osmotic hemolysis is complex. Mg2* but not
Ca2* tends to preserve the heterogeneity in membrane fluidity
if present in the hemolysis buffer at low temperature, but has
no effect at 37°, the temperature at which virus-induced he-
molysis is assayed (6). Thus, Mg2*-resealed ghosts prepared
according to Steck (21) show a considerable difference in flu-
idity between phosphatidylcholine and phosphatidylethano-
lamine spin labels (Table 3). Ghosts that have been prepared
without Mg2+ and washed once can be resealed by incubation
at 37° at isotonic salt concentrations. These ghosts retain some
heterogeneity in bilayer fluidity (Table 3). Further washing of
unsealed ghosts abolishes the remaining heterogeneity. Incu-
bation of ghosts resealed by either Mg2* or NaCl with Sendai
virus abolishes the heterogeneity in membrane bilayer fluidity.
Incubation of extensively washed, unsealed ghosts with Sendai
virus causes no further changes in bilayer fluidity, as would be
expected if osmotic and virus-induced hemolysis affect the
bilayer in a similar manner.

The interaction of enveloped viruses with cell membranes
may result in changes in membrane bilayer fluidity that
probably involve altering lipid—protein interactions within the
membrane. An earlier study showed that agglutination of avian
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(but not human) erythrocytes by viruses caused the lipid bilayer
to become more fluid, possibly by inducing rearrangements of
receptor molecules mediated by microtubule-like systems (5).
The changes in erythrocyte membrane bilayer fluidity fol-
lowing virus-induced hemolysis described here are probably
also due to an alteration in the interaction between membrane
lipid and membrane protein that is associated with the interior
surface of the erythrocyte plasma membrane. This change in
membrane lipid-protein interaction resulting in fluidity
changes in the bilayer is reminiscent of, but different from, the
effects of hemagglutination.

We thank Ms. Judith E. Soberman for expert technical assistance.
Ms. Wendy F. Boss kindly prepared the PC5 spin label. Dr. Purnell
W. Choppin and Mr. Lawrence D. Altstiel are thanked for helpful
discussions. D.S.L. is a National Institutes of Health Postdoctoral Fel-
low. F.R.L. is an Andrew W. Mellon Foundation Fellow. The work was
supported by Grants PCM 76-09962 and PCM 76-09993 from the
National Science Foundation.

The costs of publication of this article were defrayed in part by the
payment of page charges from funds made available to support the
research which is the subject of the article. This article must therefore
be hereby marked “advertisement” in accordance with 18 U. S. C.
§1734 solely to indicate this fact.

1. Scheid, A., Caliguiri, L. A., Compans, R. W. & Choppin, P. W.
(1972) Virology 50, 640-652.
2. Homma, M. & Ohuchi, M. (1973) J. Virol. 12, 1457-1465.
8. Tozawa, H., Watanabe, M. & Ishida, N. (1973) Virology 55,
242-253.
Scheid, A. & Choppin, P. W. (1974) Virology 57, 475-490.
Lyles, D. S. & Landsberger, F. R. (1976) Proc. Natl. Acad. Sci.
USA 73, 3497-3501.
6. Tanaka, K.-I. & Ohnishi, S.-1. (1976) Biochim. Biophys. Acta 426,
218-231.
7. Jost, P., Libertini, L. J., Hebert, V. C. & Griffith, O. H. (1971) J.
Mol. Biol. 59, 77-98.
8. Waggoner, A. S., Kingzett, T. J., Rottschaeffer, S., Griffith, O.
H. & Keith, A. D. (1969) Chem. Phys. Lipids 3, 245-253.
9. Boss, W. F., Kelley, C. ]. & Landsberger, F. R. (1975) Anal.
Biochem. 64, 289-292.
10. Hubbell, W. L. & McConnell, H. M. (1971) J. Am. Chem. Soc.
93, 314-326.
11. Yang,S. F. (1969) in Methods in Enzymology, ed. Lowenstein,
J. M. (Academic Press, New York), Vol. 14, pp. 208-211.
12.  Choppin, P. W. (1969) Virology 39, 130-134.
13. Landsberger, F. R, Lenard, J., Paxton, J. & Compans, R. W.
(1971) Proc. Natl. Acad. Sci. USA 68, 2579-2583.
14. Rousselet, A., Guthmann, C., Matricon, J., Bienvenue, A. & Da-
vaux, P. E. (1976) Biochim. Biophys. Acta 426, 357-371.
15. Singleton, W. S,, Gray, M. S,, Brown, L. N. & Whlte J. L. (1965)
J. Am. Oil Chem. Soc. 42, 53-56.
16. Landsberger, F. R., Paxton, ]. & Lenard, J. (1971) Biochim.
Biophys. Acta 266, 1—6
17. Lenard, J., Tsai, D. K., Compans, R. W. & Landsberger F.R.
(1976) Virology 71, 389-394.
18. Godici, P. E. & Landsberger F. R. (1975) Biochemistry 14,
3927-3933.
19. Homma, M., Shimizu, K., Shimizu, Y. K. & Ishida, N. (1976)
Virology 71, 41-47.
20. Peretz, H., Tonster Z., Laster, Y. & Loyter, A. (1974) J. Cell Biol.
63, 1-11.
21.  Steck, T. L. (1974) in Methods in Membrane Biology, ed. Korn,
E. D. (Plenum Press, New York), Vol. 2, pp. 245-281.
22. Maeda, T., Asano, A., Ohki, K., Okada, Y. & Ohnishi, S.-1. (1975)
Biochemistry 14, 3736-3741.
23. Nakamura, M., Ohnishi, S.-I., Kitamura, H. & Inai, S. (1976)
Biochemistry 15, 4838-4843.
24. Elgsaeter, A. & Branton, D. (1974) J. Cell Biol. 63, 1018-
1030.

Ot



