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1. Introduction 

We have demonstrated earlier [l] that adsorption 
of various DNA and RNA viruses to susceptible cells 
was accompanied by a marked increase in the fluidity 
of the lipids in host cell membranes. This increase in 
fluidity was detectable within a few minutes of 
adsorption as a decrease in the fluorescence polariza- 
tion of a fluorescent probe, DPH, embedded in the 
cell membranes. 

In this communication we demonstrated that para- 
myxoviruses, in contrast to other viruses that we 
studied, induce an increase in fluorescence polariza- 
tion (i.e., microviscosity) of the membranes of the 
adsorbing cells. We present here a model explaining 
these opposing results. 

2. Materials and methods 

2.1. Cells 
The following cells and cell lines were used: BHK- 

21,3T3, HeLa and chick embryo fibroblasts (CEF). 
CEF were grown in M-l 99 medium; all other cells 
were grown in Eagle’s minimal essential medium 
(MEM F12, Gibco) supplemented with 10% calf 
serum. 

2.2. Viruses 
Encephalomyocarditis (EMC) and West Nile (WN) 

viruses were grown in BHK-21 cells. Polyomavirus 
was grown either in BHK-21 or in 3T3 cells. Two 

Elsevier/North-Holland Biomedical Press 

vaccine strains of poliovirus (I”71 2 = type 2, and 
LSC = type 1) were grown in secondary cultures of 
monkey kidney cells. These viruses were purified as 
described [2]. Influenza viruses A, strains Mel and 
WSN, as well as Newcastle disease (NDV) and Sendai 
viruses were propagated in the chorioallantoic mem- 
branes of 1 O-day old embryonated eggs and harvested 
as allantoic fluid. Influenza and ND viruses were puri- 
fied by low and high speed centrifugation followed 
by sucrose density gradient purification [3]. Sendai 
virus was purified by zonal sedimentation in sucrose 
gradient [4] . 

2.3. Fiuorescen t labeling of cells 
The polarization of fluorescence is determined by 

the rotation of 1,6diphenyl-1,3 $hexatriene (DPI-I) 
molecule during the lifetime of its excited state 
(11.4 nsc). The rotation of this probe is in turn 
dependent on the ‘microviscosity’ of the environment 
in which the probe is embedded [S] . Rapid rotation 
leads to depolarization. Fluorescence polarization and 
fluorescence intensity are obtained by measurements 
of fluorescence parallel and perpendicular to the 
direction of polarization of the excitation beam. 

2.4. Preparation of labeled cells 
DPH in tetrahydrofuran (2 X 10e3 M) 0.1 ml as 

dispersed into 100 ml phosphate buffered saline 
(PH 7.2) by vigorous stirring at room temperature. 
Cells in monolayer were incubated with 5 ml DPH 
suspension for 30 min at 37’C. The cells were then 
trypsinized, washed three times in PBS and suspended 
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to a concentration of about 1 O6 cells/ml. Alternatively, 
the cells were fust trypsinized from a monolayer, 
washed, labeled in a suspension of DPH (as above) 
and then washed twice with 5 ml PBS. 

2.5. Measurement of fluorescence polarization 
Virus suspension, 0.3 ml, of a desired concentra- 

tion were added to 2.7 ml DPH-labeled cells at 37°C. 
Fluorescence polarization of the cells treated with 
virus was determined at 1 min intervals, from O-20 
min, in Microviscosimeter MV-1 (Elscint, Haifa, 
Israel). Excitation beam was at 365 nm, the readings 
were taken at two independent cross-polarized chan- 
nels at 430 nm. Polarization values (p) were read 
directly off the instrument, and the corresponding 
microviscosity was calculated from Perrin’s formula 

[51. 

3. Results 

The changes in fluorescence polarization value, P, 
of various DPH-labeled cells 5 min after contact at 
37°C with a standard concentration of a number of 
viruses is shown in fig.1. The time of 5 min has been 
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Fig.1. Comparison of changes in fluorescence polarization 
induced by animals viruses in different cells. Encephalomyo- 
carditis (EMC), West Nile (WN), polyoma (py) and polio- 
viruses were added to about 2-3 X 10” cells at a m.o.i. of 
15 p.f.u./cell. Influenza A viruses (Mel and WSN) were added 
at a multiplicity of about 100 hemagglutination units (HAU)/ 
lo6 cells. The effects of viruses on fluorescence polarization 
of DPH-labeled cells 5 min after adsorption at 37’C are 
expressed in terms of microviscosity [S ] . 

chosen, since after the first 3-5 min there was no 
additional change in the values of fluorescence 
polarization, P. 

Comparison of the effects of various viruses on 
different cells, as shown in fig.1 permit to group the 
viruses into two classes. In one, containing Newcastle 
disease and Sendai viruses (fusing viruses), the adsorp- 
tion of viruses to cells caused an increase in the lipid 
microviscosity of the cell membranes, as calculated 
from the increase in the values of P. In the other 
group, RNA and DNA viruses, both enveloped and 
naked, such as poliomyelitis, EMC, polyoma, West Nile 
and influenza viruses induce a decrease in the lipid 
microviscosity of the DPH-labeled cells, within less 
than a minute of addition of the virus to the cells. 

The kinetics of changes in fluorescence polariza- 
tion of chick fibroblasts, HeLa and BHK cells labeled 
with DPH, due to adsorption of enveloped viruses of 
two classes, is shown in iig.2. Influenza and West Nile 
viruses induced a decrease in microviscosity, while 
Sendai and Newcastle disease viruses had an opposite 
effect. The changes were discernible already after 
1 min adsorption. 

4. Discussion 

Attachment of viruses to animal cells labeled with 
fluorescent probe, DPH, induces in them very rapidly 
a change in the fluorescence polarization of the probe. 

Fig.2. Comparison of kinetics of change in fluorescence 
polarization induced by enveloped RNA viruses: West Nile 
WN (A); Influenza A-Mel (e); Newcastle disease virus NDV 
(0); and Sendai viruses (A), in HeLa, CEF and BHK-21 cells. 
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It is difficult to find a simple explanation for this 
effect which would be based on molecular events 
occurring in the cell membranes adsorbing the virus, 
since some viruses induce an increase of the mlcro- 
viscosity of the host cell membranes, while others act 
in an opposite direction. Thus fusing paramyxoviruses 
(NDV, Sendai) cause an increase in the microviscosity 
of cell lipids (fig. 1,2, [6] ). This effect may be ex- 
plained by an assumption that during the process of 
fusion of the virus envelope with the cell membrane 
their respective lipids intermix [7,8]. Paramyxo- 
viruses penetrate their host cells by a process in which 
the first step, following adsorption, is the fusion of 
the viral envelope with the cell membrane [9]. Since 
the microviscosity of the envelopes of NDV and 
Sendai viruses is considerably higher (P = 0.3 l-0.32) 
that that of the membranes of the cells in which they 
grew or to which they adsorb (P= 0.18-0.21) the micro- 
viscosity of the mixed phospholipids is indeed expected 
to have some intermediate value which is higher than that 
of the cell membranes. Other enveloped viruses, however, 
such as influenza and West Nile, as well as a number 
of naked viruses (EMC, polio, polyoma), induce a 
decrease in the microviscosity of the lipids of the 
adsorbing cells. All these viruses are believed to gain 
entry into the host-cell cytoplasm by a process akin 
to phagocytosis [IO] . For influenza virus the term 
viropexis (sinking in) was coined [ 1 l] . For these 
viruses, therefore, the intermixing hypothesis is not 
applicable: influenza and WN viruses have envelopes 
with higher microviscosity than the cells in which 
they matured [12-141; moreover, naked viruses have 
no lipids in their structure, and therefore cannot 
contribute lipids for mixing with the cell lipids. 

The effects on membrane fluidity of vu-uses that 
enter cells by phagocytosis tit the findings [IS] that 
phagocytosis leads to an increased fluidity of the 
membrane of the phagocytic cell (as measured by 
fluorescence polarization of DPH). 

One should perhaps mention the results [ 161 that 
within 30 s interaction between Sendai virus with 
chick erythrocytes a clustering of intramembranal 
particles (proteins) occurred. Similar clustering has 
been observed [ 171. Such a clustering would obvious- 
ly change the existing protein lipid interaction in the 
plane of the membrane. Additional evidence support- 
ing the hypothesis that viruses induce movement of 
integral proteins in the membrane is the observation 

[l] as well as that of [7] that at temperatures below 
10°C the viruses, though adsorbing normally, do not 
affect the fluidity of the phospholipids in the cell 
membrane. 

It is important to note that trypslnization of cells, 
which should affect the external proteins did not 
affect the cell-virus interaction, as measured by 
fluorescence polarization [l] , or by ESR in the study 
[ 181 on fluidity changes of chick erythrocytes 
agglutinated by influenza virus. These findings are 
compatible with an assumption that only changes in 
the integral proteins of the membrane would contri- 
bute to the fluidity changes of membranal lipids. 

The paradoxical finding that the rapid movement 
and clustering of intramembranal particles induced by 
paramyxoviruses [7,17] occurs at the same time as 
the increase in the microviscosity of the host cell 
phospholipids can be interpreted by assuming that 
these two chains of events are not causally linked, but 
produced by two independent mechanisms. 

The results of our studies on non-fusing viruses, 
shown in fig.1, seen in this perpective may be inter- 
preted as follows: A specific virus-receptor inter- 
action is followed by a non-specific phagocytosis and 
this would account for the increase in membrane 
fluidity of the ‘infected’ cells [ 151. When the attach- 
ment of the virus to the cells is prevented by some 
chemicals such as e.g., protamine in the case of EMC 
virus [I] , or by treatment with neuraminidase which 
destroys the myxoviruses receptors [ 181, or by prior 
interaction between the virus and its specific antibody 
(unpublished observations), the change in the mem- 
brane microviscosity is diminished or abolished. 

It is probable that rearrangement of the virus and 
cell proteins in the cell membrane might be held 
responsible for the observed changes described here, 
in our previous studies [l] , as well as in other investi- 
gations [6,7,18] . 
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