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B (Lysolecithinase)
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Evidence is presented that lysolecithin is involved in the fusing and hemolytic
activities of Sendai virus. Treatment of the virus with phospholipase B (lyso-
lecithinase) specifically inactivates the hemolytic and fusing abilities, without af-
fecting the infectivity and the capability of the virus to hemagglutinate and adsorb
to cells. The possible identity of lysolecithin with the "cell fusion factor" of para-
myxoviruses and the mechanism of cell fusion are discussed.

Viruses of the paramyxovirus group induce cell
fusion by a mechanism which is still unknown,
although a "cell fusion factor" distinct from the
viral hemagglutinin and unrelated to infectivity
(4) is present in the viral envelope. Recently, cell
fusion was performed by treating cells in suspen-
sion with a solution of purified lysolecithin (8),
and the good yield of viable polykaryocytes
obtained by this procedure (C. Croce et al., Exp.
Cell Res., in press) suggests that this technique
may artificially recreate a physiological mecha-
nism of fusion. Because the structural analysis of
paramyxoviruses demonstrates that they contain
lysolecithin in the envelope (2, 9), one can postu-
late that lysolecithin is related to the "cell fusion
factor." We tested this hypothesis by treating
Sendai virus with phospholipase B (lysolecithin-
ase) and assayed the effect of this treatment on the
fusing, hemagglutinating, and hemolytic activities
and on the infectivity of the virus.
A pool of Sendai virus was prepared by infect-

ing 9-day-old embryonated chicken eggs. The
virus was concentrated by high-speed centrifuga-
tion and inactivated with ,3-propiolactone by a
technique described previously (1). The concen-
trated viral preparation contained 40,000 hemag-
glutinating units (HAU) per ml.
Treatment with lysolecithinase (Phospholipase

B, Pierce Chemical Co., Rockford, Ill.) was per-
formed by adding 1 ml of 0.2 M phosphate buffer
(pH 6) and 0.2 mg of lysolecithinase, suspended
in 1 ml of the same buffer, to 1 ml of concen-

trated Sendai virus. (Phospholipase B produced
only one band when tested by polyacrylamide
gel electrophoresis, indicating a satisfactory
purity of the enzyme. The lysolecithinase activity
of the enzyme was confirmed by its capacity to
inactivate the fusing and hemolytic activities of
purified lysolecithin.) This mixture was incubated
for 30 min at room temperature and then cen-
trifuged at 47,000 X g for 15 min in the no. 30
rotor of an ultracentrifuge (Spinco model L).
The supernatant fraction was discarded, and the
pellet was resuspended in 1 ml of phosphate
buffer. Control virus was treated in the same
way, except that 1 ml of phosphate buffer was
added in place of lysolecithinase.
Fusion was carried out by mixing 5 X 10w KB

cells with 4,000 or 2,000 HAU of Sendai virus,
following a technique described elsewhere (1).
The acid pH, created in the fusion mixture by
the addition of virus suspended in phosphate
buffer at pH 6, was brought to neutrality with a
few drops of 0.1 M NaOH.
The fusion experiments indicate that the virus

treated with lysolecithinase lost fusing ability
almost completely (Fig. 1) as determined by the
number of polykaryocytes and the fusion index
(Table 1). The hemolysin of the virus was also
destroyed by the treatment with lysolecithinase
(Fig. 2 and Table 1).
Hemagglutinating activity was not altered,

since the enzyme-treated virus had the same
hemagglutinating titer for guinea pig red blood
cells as the control virus (Table 1).
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FIG. 1. Photograph taken I hr after fusion of 5 X 106 KB cells with 4,000 hemagglutintialitg units of conitrol
Sendai virus (a) andofSendai virits treated withi lysolecitAlinase (b). X 300.

TABLE 1. Effect of lysolecithlinase oti various properties of Sendai viruis

Fusion

Hemolysin Hemagglu- Infectivity
Treatment Polykaryocytes (%) Fusion index' (% activoity activity TCID( /

reann) remaining) 0.1I ml)
Expt jb Expt 2r Expt 1 Expt 2

SPBd 45.2 16.1 4.05 2.96 100 100 6.5
SLe ................. 2.98 0.91 1.2 1.1 0.25 100 6.5
Uninfected KB cells............ 0.93 0.89 1.1 1.1

a Fusion index represents the mean number of nuclei per cell. It is expressed as the ratio of total
number of nuclei to the number of cells in which these nuclei were counted.

b KB cells (5 X 106) were fused with 4,000 hemagglutinating units (HAU) of Sendai virus.
c KB cells (5 X 106) were fused with 2,000 HAU of Sendai virus.
d Control Sendai virus treated with phosphate buffer.
e Sendai virus treated with lysolecithinase.
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FIG. 2. Hemolytic activity of conitrol Sendai virus

an1d Senidai virus treated with lysolecithinase. The
hemolytic activity was determinied by, mixing serial 10-
foid dilutiotis of conicentraited Senidai viruis with guintea
pig red blood cells (conzcenitrationl 0.5%. in phosphate-
buffered saline). After 4 hr of inicuibationz at 4 C, the
tuibes were put in a water bath at 37 C and shakeii
every 30 miii fbr 2 hr. Thte aimolulnt of hemoglobini
released in the superncatatit fluid wtas then measured
by readinig the optical denisity at 540 nm. Symbols:
(0) control Senidai virlus; (a) Senidlai viruis treated
With lysolecithinase.

The capability of adsorbing to cells was also
unaffected or even enhanced in some experiments,
because the amount of virus recovered after
fusion in the supernatant fluid of cells fused
with lysolecithinase-treated Sendai virus was
equal to or lower than the amount of virus re-

covered in the supernatant fluid of cells fused
with control Sendai virus.
The infectivity of the virus, determined by the

appearance of syncytia and cytopathic effect in
infected KB cells, was unchanged after treatment
with lysolecithinase (Table 1).

Electron microscopic observation, by negative
staining of the lysolecithinase-treated virus,
showed an increase in filamentous forms (Fig.
3a, b) and a modification of the outer layer in the
viral envelope (Fig. 4a, b). Strong alteration or

disruption of the viral particles was seldom
observed.
The above results demonstrate that treatment

with lysolecithinase does not cause a drastic alter-
ation of the virus as indicated by its ultrastructural
appearance and by the persistence of hemagglu-
tinating activity and infectivity.
On the other hand, the enzymatic treatment

selectively inactivates the fusing and hemolytic
abilities. This finding suggests that the two viral
properties are correlated, and lysolecithin is a
mediator of both fusing and hemolytic activities.

Indeed, a remarkable parallelism was found,
on the basis of several characteristics, between
hemolysin and the "cell fusion factor" of para-
myxoviruses (6). Recently, Hosaka showed that,
after fractionation of disrupted Sendai virus in a
sucrose gradient, the fusion activity had a distri-
bution range similar to the hemolytic activity
(5). Moreover, the inactivation of the hemolysin
and the "cell fusion factor" by treatment either
with ether (10) or with lipolytic enzymes (6) sup-
ports the idea that a lipid component is essential
for the display of both hemolytic and cell-fusing
abilities, even though viral protein(s) may play
some role in hemolysis. In fact, proteolytic
enzymes partially inactivate the hemolysin with-
out affecting the "cell fusion factor" (6, 7).
The evidence provided by Elsbach et al. (3)

that mammalian cells contain lysolecithinase
activity and are able to convert lysolecithin to
lecithin suggests an explanation for the mecha-
nism of cell fusion induced by paramyxoviruses.
In fact, the cell could regulate the lytic activity of
lysolecithin contained in the viral envelope so
that theinteraction of a syncytiogenic virus with
cells would end in cell fusion and not in cell lysis.
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FIG. 3. Negative staining with phosphotungstic acid of control Sendai virus (a) and Sendai virus treated with
lysolecithinase (b). Note the prominence offilamentous forms in the enzyme-treated virus. Bars represent 0.1 jim.
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FIG. 4. Highl magnification of control Sendai virus (a) and Sendai virus treated with lysolecithinase (b).
Note the fluffy appearance of the outer coat in the enzyme-treated virus. Bars represent 0.1 ,m.
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