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At an early s.age in infection, vesicular stomatitis viruses were attached to the
surface of L cells by fusion of the viral and cell membranes.

It has been proposed by Morgan et al. (3, 4, 5)
that membrane-enclosed viruses such as herpes,
influenza, and Sendai viruses infect cells by fusing
with the cytoplasmic membrane and releasing
their nucleoprotein core into the cytoplasm of the
cell. In view of these reports, we decided to ex-
amine this process with vesicular stomatitis virus
(VSV), since this is a membrane-enclosed virus
of quite different structure.
The Indiana serotype of VSV was grown in cul-

tures of L cells, and the number of virus particles
was estimated by electron microscopy counts, as
previously described (2). The cells were infected
at 4 C at a multiplicity of 103 by sedimenting
virus-cell mixtures at 18,500 X g for 15 min onto
a flat agar surface (1, 8). The infected cells were
suspended in cold minimal essential medium
(Gibco) without serum and samples were placed
in 100-,uliter capillary tubes which were sealed at
one end. Cells were incubated by placing the
tubes in a water bath set at 37 C for various time
periods (2 to 30 min). The incubation period was
terminated by placing the tubes in an ice bath;
the contents were then transferred to micro-
centrifuge tubes half filled with 3%N glutaral-
dehyde in 0.1 M phosphate buffer (pH 7.3). The
tubes were then centrifuged for 10 sec in a model
512 Microfuge (Beckman Instruments, Inc.,
Fullerton, Calif.) operated at 70 v to reduce the
speed, and the pellets were removed and allowed
to stand in fresh glutaraldehyde solution for 2 hr.
They were then washed repeatedly and fixed in
2% OS04 in the same buffer for 2 hr. The pellets
were then stained for 2 hr with 0.5% uranyl
acetate in acetate-Veronal buffer (7) to increase
the contrast of the virus and cellular mem-
branes. The pellets were embedded in Epon 812,
and sections were poststained with saturated
uranyl acetate in 1 %c sodium borate for 7 min at

60 C and with lead citrate. Electron micrographs
were taken with a Siemens Elmiskop IA at an
initial magnification of 46,000.
The electron micrographs serve to illustrate the

adsorption and membrane fusion steps which we
believe precede the entry of viral nucleoprotein
into the cell. Figures 1 and 2 show the appearance
of the virus particle in transverse and longitudinal
sections; the morphology of the particle is essen-
tially as described by Nakai and Howatson (6).
In samples which were not incubated at 37 C
(Fig. 3-4), virus particles were often observed in
close proximity to the cell membrane. At this
stage, prior to incubation at 37 C, no particular
orientation of the virus particle was observed,
although in these micrographs the virus seems to
be adsorbed at its blunt end. The viral and cell
membranes are separated by a minimal gap of
13 nm, which is slightly greater than the length of
the spikes (10 nm) of the virion.
The micrographs shown in subsequent figures

(Fig. 5-12) are of samples which were incubated at
37 C for 8 to 15 min as described in the figure
legends. In Fig. 5, a virion appears to be in con-
tact with the cell membrane in such a fashion that
the outer, dense layers of the cell and virus mem-
branes appear fused. The virions shown in Fig.
6-7 appear to be connected to the cell membranes
by a bridge of material, and neither the cellular
nor the viral membranes are well defined. Similar
fusion stages were described by Palade and Bruns
(7) for the fusion of vesicular membranes. The
origin of this bridge may be the membranous ex-
tensions which are often observed at the blunt end
of virus particles (Fig. 5) and are presumed to
originate during the synthesis of the virus. Figures
8-11 illustrate complete fusion of the viral and
cell membranes. The viral membrane is contin-
uous with, and completely indistinguishable from,
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FIG. 1-7. Tranisverse and longitudinial sectiolt of VS V. X 240,000 (Fig. I antd 2). Virus was sedimented onto L
cells at 4 C, ino incubationt. X 207,000 (Fig. 3 and 4). Virus treated as in Fig. 3 and 4, but incubated at 37 C.for
10 miii. X 184,000 (Fig. 5 alnd 6). X 138,000 (Fig. 7).
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FIG. 8-12. Virus sedimented ointo L cells at 4 C and incubated at 37 C for 15 mitt. X 230,000 (Fig. 8). X
161,000 Fig. 9 and 10. Virus treated as in Fig. 8, but incubated for 8 mini. X 161,000 (Fig. 11). Virus was treated
as in Fig. 11; note fJision with membranie of dead cell. X 161,000 (Fig. 12).

621

p.W,-. :.J, 4F
0--, I

0A . .-It

-#Aik-
I ."ll



NOTES

the cell membrane. The transverse striations of the
virus make it easily recognizable. Double fusion
(Fig. 11) was frequently observed, but fusion at
the rounded end alone was never observed. We
believe the final step of penetration to be the
release of the nucleoprotein into the cytoplasm.
This could not be observed because the density
of the cytoplasm is similar to the density of the
viral nucleoprotein. No empty shells of attached
virions were observed extending from the surface
of the cell. We noted the fusion of a virus with a
fragment of a lysed cell (Fig. 12) in which no re-
lease of nucleoprotein is apparent. This has also
been observed with influenza virus by Morgan
and Rose (3).
No membrane fusion of the type shown in

Figures 8-12 was observed in preparations which
were not incubated at 37 C after infection at 4 C.
Fusion was observed most frequently in cell-virus
preparations which were incubated from 8 to
15 min at 37 C but was also observed at 2 min,
the shortest incubation period tested.

In a recent study employing the same virus-cell
system, Simpson et al. (9) observed phagocytosis
of virus particles but found no fusion of viral
and host-cell membranes at the surface of the
cell. These authors employed somewhat different
conditions, in that infection was carried out in
suspension and serum was included in the infec-
tion medium. These factors may favor phagocyto-
sis in this cell system.
We have also observed virus particles in what

appeared to be phagocytic vacuoles, although this
was observed less frequently than the fusion de-

scribed above. The virus particles observed in
these vacuoles did not appear to be disrupted.
In some cases, the viral and vacuole membranes
appeared to be fused similarly to that shown in
Figures 8-11. Since membrane fusion under these
circumstances might be more efficient, phagocyto-
sis may have played some role in the infectious
process.
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