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An amphotericin B-resistant mutant (AMBr-1) isolated from the Chinese hamster V79 cell line is defective 
in a pathway for sterol synthesis and contains a much reduced free cholesterol level as compared with the 
parental V79. The character of the plasma membrane of AMB'-1 was compared with that of V79 by 
measuring the fusion with the envelope of the Sendai virus and also by measuring membrane fluidity: 
AMB'-I was found to be more sensitive to Sendal virus-induced cytolysis than V79. Both assays for 
membrane-permeability change and electron spin resonance (ESR) study showed an enhanced response to 
the fusion between viral envelope and plasma membrane in AMB'-I cells. Measurement of the fluorescence 
polarization for 1,6-diphenyl-l,3,5-hexatriene suggested that the membrane of AMB'-I was more fluid than 
that of V79. This aberrant nature of the cell membrane of AMB'-I might be caused by the altered 
membranous sterol content. 

Cholesterol is one of the major components in 
biological membrane and dearly important in in- 
fluencing its fluidity [1,2]. However, the effect of 
membrane cholesterol on cell fusion is complex 
[3]. Many studies have been carried out to clarify 
the role of cholesterol in membrane fusion be- 
tween viral envelope and artificial liposomes [4-9]. 
However, little is known regarding its effect on 
fusion between the viral envelope and the mem- 
brane of living cells. Thus it is interesting to ask 
whether fusion between viral envelope and cell 
membrane is altered in growing animal cell lines 
with low sterol content. 
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We have previously selected a Chinese hamster 
cell mutant which is resistant to a polyene antibio- 
tic, amphotericin B [10]. The amphotericin B-re- 
sistant clone (AMBr-1) was shown to be defective 
in a pathway of lanosterol formation [11] and the 
growth is dependent upon exogenous sterols under 
conditions in which lipoprotein is limited [12,13]. 
The resistant phenotype was found to show reces- 
sive character in hybrids between wild-type strain 
and the resistant clone [14]. The free cholesterol 
content of AMBr-1 ceils was 50-60% that of 
parental V79 cells [10,11]. In this study, we char- 
acterize the membrane of AMBr-1 cells by measur- 
ing fusion with Sendai virus-envelope and also by 
measuring membrane fluidity. 

We first examined the cellular sensitivity of 
AMBr-1 and V79 to the cytolytic effect of Sendai 
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virus. In the absence of Ca 2+, most cultured cells 
were extensively lysed but not fused during in- 
cubation with Sendai virus [15]. Sendai virus- 
induced cytolysis is thought to be initiated by the 
fusion between viral envelope and plasma mem- 
brane [16,17]. Assay for Sendai virus-induced cy- 
tolysis was carried out according to the procedure 
of Toyama et al. [17]. The effect of ultraviolet-in- 
activated Sendai virus on the plating efficiencies 
of V79 and AMBr-1 was compared (Fig. 1). 
AMBr-1 cells was shown to be more sensitive to 
the cytolytic effect of the virus than V79 cells. The 
cytolytic effect of Sendai virus appeared to be 
about 2-fold higher in AMBr-1 than in the paren- 
tal cells, as examined from the slope of the in- 
activation curve (Fig. 1). 

Fusion of the viral envelope with cell mem- 
brane is known to induce an increase of the per- 
meability of the cell membrane to small molecules 
as well as cytolysis [16,18]. Sendai virus-induced 
changes in membrane permeability were assayed 
by the influx of extracellular fluorescent molecules 
into the cytosol (Fig. 2A) or efflux of intracellular 
metabolites into the medium (Fig. 2B) according 
to the method of Impraim et al. [16] and Wyke et 
al. [18]. Measurement of the influx of extracellular 
fluorescent materials into the cytosol was carried 
out in the presence or absence of Ca 2÷ using 
calcein (3,3' bis[ N, N-di(carboxymethyl)-amino- 
methyl]fluorescein, Dojindo Loboratories, Kuma- 
moto, Japan) which is used as a non-permeable 
fluorescent marker across the cell membrane [19]. 
We also examined the efflux of intracellular 
metaboli tes  by measuring the leakage of 
[3 H]choline from the prelabeled cells. Fig. 2 shows 
the virus-induced change in membrane permeabil- 
ity of V79 and AMBr-1 in the presence or absence 
of Ca 2÷. In the absence of Ca 2÷, the increase of 
membrane permeability determined by influx of 
calcein into the cytosol or efflux of [3H]choline 
into the medium was observed in V79 and AMBr-1. 
However, both influx (Fig. 2A) and efflux (Fig. 
2B) were 1.5- to 2-fold higher in AMBr-1 in com- 
parison with V79, indicating that AMBr-1 was 
more sensitive to the virus-induced change in 
membrane permeability than the parental V79. On 
the other hand, only a slight if any influx of 
calcein was observed in the presence of Ca 2÷ (Fig. 
2A) in both cell lines. Leakage of [3H]choline was 
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Fig. 1. Dose effect of Sendal virus on the surviving fraction of 
V79 cells (O)  and AMBr-1 cells (e) in the absence of Ca 2+. 
Cells were grown in monolayer in minimal essential medium 
(MEM) containing 10% newborn calf serum (NCS) [12]. Sendal 
virus (strain Z) was prepared from the allantoic sac of chicken 
embryos [20]. Ultraviolet inactivation was carried out by irradi- 
ation with a germicidal lamp for 5 rain according to Toyama et 
al. [17]. Cells at a late exponentially growing stage were 
harvested by brief treatment with 0.05% trypsin (Difco) in 
phosphate-buffered saline containing 1 mM EDTA. After 
washing with phosphate-buffered saline, cells in suspensions 
(2-106 cells/ml) were mixed with various concentrations of 
virus in 0.5 ml phosphate-buffered saline, kept in ice for 15 
rain and then incubated for a further 30 rain at 37 o C. After 
cells were diluted in MEM containing 10% NCS and incubated 
overnight, the number of cells adsorbed to the dishes was 
scored. Each point with error bar represents the average from 

duplicate determinations. 

also low in the presence of Ca 2+ in comparison 
with that in the absence of Ca 2+. Pasternak and 
his colleagues [16,18] reported the repair of the 
virus-induced changes in membrane permeability 
by Ca 2+. Our present data also suggest that the 
repair of membranous damages caused by Sendai 
virus occurs similarly in AMBr-1 and V79. 

The enhanced response of AMBr-1 to Sendai 
virus-induced cytolysis and changes in membrane 
permeability may be caused by increased absorp- 
tion of virus to mutant cells. The ability of cells to 
adsorb 125I-labeled Sendal virus was examined. 



161 

t -  

"E 

O 

h 

.> 

v 

._1 

A 

i I 

2.5 5.0 

Sendal virus(pg ) 

c-  

"1-  

60 
: 3  

u 4  0 
O 

"~ 20 

0 0 
i I i i 

5.0 10.0 

Sendai virus(~g ) 

Fig. 2. Sendai virus-induced changes in membrane permeability. V79 ((3, zx) and AMBr-1 (I,  &) cells in monolayer were pre-labeled 
with [3H]choline (0.1/LCi/ml) in MEM for 30 rain at 37 °C  and transferred into suspension as described in the legend of Fig. 1. Cells 
(4.106 cells) in suspension were mixed with virus in 0.2 ml phosphate-buffered saline and kept in ice for 30 rain for absorption. After 
washing with ice-cold phosphate-buffered saline, cells and virus were further incubated in phosphate-buffered saline ((3, e)  or 
phosphate-buffered saline containing 1 mM CaC12 (A, A) in the absence (A) or presence (B) of 0.1 mM calcein for 20 rain at 37" C. 
After centrifugation, the radioactivity in the supernatant was measured in B. The cell pellets were washed with phosphate-buffered 
saline containing 1 mM CaCI 2 and dissolved in 0.5% Triton X-100, and then the fluorescence intensities at 530 nm (excitation at 495 
nm) were measured in A, In B, total radioaetivities of [3H]eholine inside 4.106 cells were 2.6-103 cpm in V79, and 2.2.103 cpm in 

AMBr-1. Each point with error bar represents the average from duplicate trials. 

Cells in suspension were incubated with various 
concentrations of ]25I-labeled virus (5-20 #g of 
viral protein) for 15 min in ice, washed and then 
cell-associated radioactivities were measured. Sim- 
ilar amounts of virus were found to be adsorbed 
to both V79 and AMBr-1 cells (Table I). 

TABLE I 

BINDING OF ~25-I-SENDAI VIRUS TO PARENTAL AND 
MUTANT CELLS 

125-l-labeled virus was prepared by the method of Fraker and 
Speck [30]. The specific radioactivity of the 125I-virus was 
2530 cpm//Lg viral protein. Cells (2.106 cells) were incubated 
with the indicated amount of radiolabeled virus in 0.1 rnl 
phosphate-buffered saline (0.15 M NaCI/10 mM phosphate, 
pH 7.2) on ice for 15 rain. After washing twice by centrifuga- 
tion with cold phosphate-buffered saline, the radioacitivity 
associated with the cells was measured. 

Input virus Adsorbed virus (% of input) 

(/~g) V79 AMBr-1 

5 55.3 52.1 
10 50.6 51.4 
20 52.3 50.7 

To examine the cellular capacity for fusion with 
the viral envelope, we carried out phospholipid 
intermixing experiments between viral envelope 
and cell membrane, using spin-labeled phos- 
phatidylcholine (PC*). Procedures to prepare 
PC *-labeled virus and those for electron spin 
resonance (ESR) measurement were described pre- 
viously [20-24]. When fusion of the viral envelope 
with cell membrane occurred. PC* preincorpo- 
rated into the viral envelope rapidly diffused away 
from the fused site and intermixed with lipids of 
the target cell membrane. Since the viral envelope 
contained a high concentration of PC*, the inter- 
mixing is expected to cause dilution of PC*, 
weakening the spin-spin exchange interaction, and 
resulting in increase in the ESR peak height. 

When PC *-labeled Sendal virus was incubated 
with wild-type V79 cells at 37 ° C, the central peak 
height of the ESR spectrum changed gradually, 
reaching about 3.5-times the height of the initial 
peak after 10 min of incubation (Fig. 3). When 
PC *-labeled virus was incubated with AMBr-1 
cells, the rate of the increase in the peak height 
was much faster than that of V79: the peak height 
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Fig. 3. Time course of ESR peak height increase for 
PC *-labeled Sendal virus. Cells (1-107 ceils) in suspension 
were mixed with 10pg of PC*-virus in 0.2 ml of Hanks' 
balanced-saline solution buffered with 20 mM Hepes (4-(2-hy- 
droxyethyl-l-piperazine-ethanesulfonic acid) at pH 7.4 
(Hanks/Hepes) containing 0.2~ bovine serum albumin (BSA), 
kept in ice for 15 rain for absorption, and washed by centrifu- 
gation after addition of 1.5 ml of Hanks/Hepes. The pellet was 
resuspended with 10 pl of the same buffer and ESR spectrum 
was measured at 37 o C. The time course of the central peak 
height divided by the initial peak height at time 0 is plotted. 
Typical data from several experiments of each cell line, V79 

(C)), AMBr-1 (O), VH1204 (zx), are shown. 

increased rapidly, reaching more than 5-times the 
height of the initial peak after 8-10 rain of in- 
cubation. The time course of the change in the 
relative peak height observed in AMBr-1 was simi- 
lar to that observed in erythrocyte membrane [25]. 
Fig. 3 apparently shows that the initial rate of 
fusion with AMBr-1 cells was about 2-fold higher 
than that with V79. VH1204, a hybrid clone be- 
tween V79 and AMBr-1, showed similar sensitivity 
to amphotericin B and similar cholesterol content 
as the parental V79 cells [14]. VH1204 also showed 
the similar time course of the peak height-increase 
as V79 cells, indicating that the enhanced response 
to fusion between viral envelope and cell mem- 
brane in the mutant was recessive. 

The free cholesterol content of AMBr-1 was 
50-60% that of parental V79 [10,11]. In our pre- 
sent study, AMB~-I cells showed a more enhanced 
response to fusion with viral envelope than V79. 
In general, depletion of cholesterol increases the 
fluidity of biological membrane [1,2] and a num- 
ber of studies have suggested that an increase in 
membrane fluidity favors cell fusion [3]. We ex- 

amined the membrane fluidity of AMBr-1 and 
V79 by measuring fluorescence polarization of 
1,6-diphenyl-l,3,5-hexatriene (DPH). Cells at 3. 
106 cells/ml in suspension in phosphate-buffered 
saline (0.15 M NaC1/10 mM phosphate, pH 7.2) 
were mixed with 1/1000 volume of 1.5 mM DPH 
(Wako Chemicals, Osaka, Japan) dissolved in 
ethanol. The suspensions were incubated at 37 °C 
for 30 min with shaking. The cells were then 
washed three times with phosphate-buffered saline 
and resuspended in phosphate-buffered saline. The 
fluorescence intensities of DPH through filters 
both L39 and B390 (Hoya, Tokyo, Japan) with 
excitation at 359 nm was measured at various 
temperatures in a Union Giken FS-501-A fluores- 
cence polarization analyzer (Fig. 4). Fluorescence 
polarization values in both cell lines decreased 
with increase of temperature. However, within the 
range of 20 °C to 37 ° C, the polarization values of 
AMBr-1 cells were always lower than those of V79 
cells, which indicated that the membrane of 
AMBr-1 cells was more fluid than that of V79 
cells. 

In our present system, AMBr-1 with a reduced 
sterol content apparently shows increased fluidity 
of the cell membrane as compared with the paren- 
tal V79 (Fig. 4). The mutant also shows an en- 
hanced response to fusion with the Sendai virus- 
envelope (Figs. 1-3). A hybrid clone between V79 
and AMBr-1 with similar cholesterol content as 
V79 showed a similar response to fusion with the 
viral envelope as V79 (Fig. 3), indicating a close 
relationship between the cholesterol level and the 
sensitivity to fusion with Sendai virus. Although 
the correlation between increased membrane fluid- 
ity and fusion with the viral envelope has not been 
clarified completely, these changes of cell mem- 
brane might be caused by altered sterol metabo- 
lism in the mutant cells. 

Two independent  studies indicated that 
cholesterol is required for fusion of Sendai virus 
with liposomes. Kundrot et al. [5] showed an 
absolute requirement of cholesterol for Sendai- 
virus induced lysis of liposomes containing glyco- 
phorin as a viral receptor. Hsu et al. [7] reported 
that the presence of cholesterol enhances the fu- 
sion between Sendai virus and liposomes contain- 
ing phosphatidylcholine and mixed gangliosides. 
However, Tsao and Huang [4] reported that 
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Fig. 4. Fluorescence polarization of diphenylhexatriene (DPH) 
in V79 (O)  and AMBr-1 (O) cells. Suspension cells in phos- 
phate-buffered saline (3-106 cells/ml) were mixed with 1.5 pM 
DPH and incubated for 30 rain. Cells were washed three times 
with phosphate-buffered saline and resnspended in phosphate- 
buffered saline. Average values of fluorescence polarization 
from ten determinations were plotted as a function of tempera- 
ture. The standard error of each point was less than 5% of the 

value. 

cholesterol was not required for the lytic response 
of ganglioside-containing liposome induced by 
Sendai virus, and also that the presence of 
cholesterol suppressed the leakage response• They 
suggested the presence of cholesterol in the target 
membrane may positively or negatively modulate 
the m0tmbrane leakage induced by Sendai virus, 
depending on the lipid composition or the viral 
receptor (glycoprotein or ganglioside) in the target 
membrane. In our present study, we have em- 
ployed two isogenic cell lines with low and high 
sterol contents to question the requirement of 
cholesterol for the fusion process in cultured living 
cells. We showed that a mutant with reduced 
cholesterol content is more sensitive to fusion with 
Sendai virus than the parental cell with higher 
cholesterol content. Low cholesterol content in the 
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cell membrane might cause modification of the 
lipid composition or membrane proteins, and these 
changes in the mutant cell membrane might in- 
duce enhanced fusion with viral envelope. Alter- 
natively, cholesterol is required for fusion with 
viral envelope, but above a certain level it may 
inhibit fusion. 

Relevant somatic cell variants with altered re- 
sponse to fusion either with cells or /and with 
viruses have been isolated. Roos and his col- 
leagues [26-28] have isolated somatic cell variants 
resistant to poly(ethylene glycol) (PEG), a potent 
fusion agent. The content membrane fatty acids in 
the resistant clone is different from that in the 
parental clone [27], and the variant shows an 
aberrant response to fusion with enveloped viruses 
(cited in Ref. 28). Toyama et al. also isolated 
mutants resistant to Sendai virus-induced cytolysis 
[17]. Their mutant showed a reduced response to 
fusion with cell membrane as well as fusion with 
viral envelope [17,23]: the mutant was deficient in 
a sialyltransferase activity [29]. These studies with 
several variants suggest involvement of various 
cellular factors in the fusion processes. Further 
isolation of mutants with altered fusion steps could 
be a effective way to understand other cellular 
factor(s) necessary for fusion. 
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