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1. Introduction 

The agglutination, hemolysis, and fusion activities 
of intact Sendai virus particles are attributed mainly 

to two viral glycoproteins that are located on the viral 
envelope [l] . Active reassembled viral envelopes can 
be obtained if intact virus particles are solubilized 
with the detergent NP-40 and then the detergent is 
removed by slow dialysis [2]. During the reconstitu- 
tion process, the detergent-insoluble viral nucleocapsid 
can be removed and substitued by exogenous proteins 
which, if present in the reconstitution medium, are 

trapped within the reassembled viral envelopes [3]. 
As shown in [3] . the trapped proteins can be then 
‘injected’into recipient cells during viral envelope-cell 
fusion. The use of the reassembled viral envelopes as a 

vehicle for microinjection of macromolecules into 
animal cells, evidently has a high potential in the field 
of enzyme therapy and gene engineering. It appears, 
however, that the practical use of the above method 
is as yet limited by the low efficiency of the recon- 
stitution process. According to the available data, 
only about 4% of the original viral hemagglutinin 
activity can be recovered in the reassembled envelopes 
[3]. This might be due to partial denaturation of the 
viral glycoproteins during the long dialysis (72-100 h) 
needed for the removal of the detergent [2,3] . It is 
therefore important to find out whether other deter- 
gents, besides NP40, can be used for the solubiliza- 

tion of Sendai virus. 
Recently, the detergent Triton X-100 was used for 

the solubilization of human erythrocyte membranes 
and the resolution of their anion exchange system 
[4] as well as for the reconstitution of the glucose 
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transport system [5]. Triton X-100 was used for 
solubilization of Semliki Fores? virus membrane 
[6]. The main advantage of using Triton X-100 for 
the solubilization of biological membranes is its easy 
and rapid way of removal [7] and the fact that it 
does not cause denaturation of membrane proteins 

[8]. In addition, the availability of [3H]Triton 
X-100 makes it possible to study, on a quantitative 
basis, the interaction between the detergent and the 
viral membranes as well as the kinetics of its removal. 

In the present work we have used Triton X-100 for 
solubilization of Sendai virus. Removal of the deter- 

gen by dialysis against a buffer containing the Bio- 
beads SM-2 [7] resulted in reassembly of active virus 
envelopes. The properties of the reassembled virus 
envelopes are discussed. 

2. Materials and methods 

Blood was collected from the necks of decapitated 
chickens into an Erlenmeyer flask containing heparin 

(100 U/ml), d an washed with a buffer containing 

160 mM NaCl and 10 mM Tris-HCl, pH 7.4 (solution 
Na+), as in [9]. 

HeLa cells were grown in Swim’s_77 medium plus 
2 mM glutamine, 100 pg/ml CaCla, and 10% calf 
serum. Before the experiment, confluent monolayers 
of the cells were prepared on cover slips, washed, and 
then transferred to solution Na’. 

Sendai virus was isolated and its hemagglutinin 
titre (HAU) determined as in [9] . The procedure for 
the solubilization of intact Sendai virus by Triton 
X-100 and the reassembly of active viral envelopes, 
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upon removal of the detergent by dialysis in the at 37°C for 1 h. The degree of hemolysis was deter- 
presence of Bio-beads SM-2 [7] , is given in Bg.1. mined at 540 nm as in [9] . 

Chicken erythrocytes (2% v/v), suspended in 
solution Na’ which contained 10 mM Ca2+, were 
fused and the extent of fusion was calculated as in 
[9] . In these experiments 2000 HAU/ml of both 
intact Sendai virus and reconstituted viral envelopes 
were used. 

Monolayers of HeLa cells, washed in solution Na+, 
were first cooled on ice and then intact Sendai virus 
or reassembled viral envelopes (2000 HUA/cover slip) 
were added to the cells which were then incubated in 
the cold for 10 min. Solution Na+, containing 10 mM 
CaCls, was then added, and the cells were incubated 

Viral antigens were visualized by the use of ferritin- 
conjugated IgG. After interaction of reassembled viral 
envelopes with cells (flg.2D, E legend), the cells were 
fixed with 1% (v/v) glutaraldehyde for 1 h at 4°C. 
Antiserum obtained in rabbits against Sendai virus- 
envelope glycoproteins (prepared as in [lo] ) was 
then added, and after and additional 1 h at 4”C, 
ferritinconjugated goat anti-rabbit IgG was added. 
After another 1 h at 4°C a post-fixation with OsO,, 
was performed (1% v/v). Between each step cells were 
extensively washed with solution Nd buffered with 
10 mM sodium phosphate, pH 7.4. Thin sections 
were prepared, as in [9] , and electron micrographs 
were obtained with a Philips EM 300 electron 
microscope. INTACT SENDAI VIRUS (10 fag protein) 

TRITON X-100 (20 aq). 

(in 1 ml of 100 nM NaCl. 60 ti Tris-HCl. pH 7.4, 

and low5 H PMSF) 
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CENTRIFUGATION 

100.000 xg. 1 hr. 4-C 

PELLET 

(viral nucleocapsld. 

M-protein) discarded 

SUPERNATANT (A Clea; Solution containing 

3-4 ng of the viral glycoproteins) 

n 

v DIA YSIS 

(In Neflex tubes, against: 1 g Eio-beads SK2 In 

1 liter of 10 ti Trls-Htl. pH 7.4, 2 v6! Ca++. and 2 ti I4g*) 

a 

5 hr. 25% 

30-35 hr, 4'C 

CENTRIFUGATION (Turbid Solution) 

SUPERNATANT (0.6-l mg 

protein) discarded 

PELLET (2.413 mg protein) 

(Fusogenic &n&i virus envelopes) 

Fig.1. A procedure for solubilization of Sendai virus particles 
by Triton X-100 and reassembly of active virus envelopes 
upon removal of the detergent. 

Protein was determined by the Lowry method 
[ 1 l] with 0.1% sodium dodecyl sulfate (SDS) in the 
reaction mixture, using bovine albumin as standard. 
SDS-polyacrylamjde gel electrophoresis (7 5% 
acrylamide) was performed as in [ 121. 

3. Results 

Treatment of Sendai virus with Triton X-100 at a 
ratio of detergent:virus 2: 1 (w/w), caused complete 
solubilization of the viral envelope. The supernatant 
obtained after centrifugation of the solubilized virus 
appeared clear and contained the viral phospholipids 
(not shown) and the two viral envelope glycoproteins 
(fig.l,2A’). Removal of the detergent by dialysis of 
the solubilized virus against a buffer containing the 
Bio-beads SM-2 [7] , resulted in reassembly of virus 
envelopes (tig.l,2A,C). Examination of the reassem- 
bled virus envelopes in the electron microscope 
after negative staining (fig2A,C) or thin-sectioning 
(tig.2D,E), revealed that closed vesicles, ranging 
between 300-3000 A in diameter, covered with 
small spikes (100 A), were formed (fig2A). Large 
envelopes of 2000 to 3000 A in diameter and up to 
10 000 A in length were also detected among the 
reassembled virus envelopes (fig.2C). 

The reassembled envelopes were active in causing 
agglutination, lysis, and fusion of cells (table 1). 
Interestingly, in order to obtain highly fusogenic 
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Table 1 
Fusion ability of Sendai virus envelopes reassembled under different conditions 

System 

Intact virus 

Hemagglutination Hemolysis Fusion 
(HAU/mg viral protein) (%/SO0 HAU) Chicken erythrocytes HeLa cells 

(% total) in monolayer 

10 000-20 000 30 70 + 

Virus envelopes reassembled 
by dialysis at 25’C and 4°C 30000-40000 25 35 + 

Virus envelopes reassembled 
by dialysis at 4’C only 65 000-80 000 5 l-5 + 

Virus envelopes reassembled 
upon removal of detergent by 
Bio-beads SM-2 without dialysis 65 000-80 000 5 0 + 

viral envelopes, it was essential to remove the deter- 
gent by two-step dialysis: first at 27°C for 5 h and 
then at 4°C for 30-35 h. As can be seen in table 1, 

vesicles formed under these conditions were able to 
cause a similar percentage of hemolysis as intact 
viral particles, and promoted fusion of nucleated cells 
in suspension and monolayer. When the detergent was 
removed by dialysis only in the cold (4’C) or by 
addition of the Bio-beads SM-2 directly to the 
solubilized virus solution (table l), a turbid suspen- 
sion containing reassembled viral envelopes was 

obtained. The envelopes’ dimension and morphology 
were similar to those shown in fig.2A. However, these 

vesicles had high agglutination but poor hemolytic 
and fusion activities when incubated with nucleated 
cells such as chicken erythrocytes or Friend erythro- 
leukemic cells (table 1). 

All three envelope preparations (obtained under 

the different conditions summarized in table 1) were 
able to interact and fuse with plasma membranes of 
cells in suspension, irrespective of their ability to 

promote cell-cell fusion. This was revealed by the 
presence of viral antigens within the plasma mem- 
branes of chicken erythrocytes incubated at 37’C 
with the different preparations of the virus envelopes 
(fig.2D,E). 

Fig.2. Electron microscope observations of reassembled Sendai virus envelopes and their fusion with chicken erythrocytes. (A-C) 
Negatively-stained (1% phosphotungstic acid) Sendai virus particles. (A) Sendai virus envelopes reassembled by the method 

summarized in fii.1. Note the appearance of large vesicles. (B) Intact Sendai virus. (C) Extra-large reassembled envelopes. Note 
the symmetric distribution of viral ‘spikes’ (small arrowheads) in some of the reassembled viral envelopes. (A’,B’) Electrophoretic 
pattern of viral proteins of reassembled viral envelopes and of intact Sendai virus, respectively. HN and F represent the two viral 
envelope glycoptoteins, the hemagglutininlneuraminidase (mol. wt 65 000) and the hemolysis/fusion (mol. wt 53 000) respec- 
tively. P, NP and M represent non-envelope Sendai virus proteins [l] . (D,E) Electron micrographs of thin sections showing the 
integration of reassembled Sendai virus envelopes into chicken erythrocyte membranes. Viral antigens were identified by ferritin 

conjugated antibodies (see section 2). Chicken erythrocytes (2% v/v) were incubated with reassembled envelopes (2000 HAU/ml) 
for 60 min at 37°C. At that temperature almost total lysis of cells occurred. In (D) two large reconstituted vesicles ‘a’ and ‘b’ are 
shown. Vesicle ‘a’ fused with plasma membrane and, therefore, probably contained some of the erythrocyte cytoplasm. Vesicle 
‘b’ remained closely associated but did not fuse with the plasma membrane, and is completely empty. In (E) a few other recon- 
stituted envelopes, that fused with the plasma membranes, are shown. Note that no membrane barriers can be distinguished 
between the reassembled envelope and the cell interiors (black arrows in (D,E)). Note also that some of the viral antigens are 
spread out on the plasma membranes (large arrowheads). Bar in fig.(A-E) 0.1 pm. 
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