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Summary. — Cytoplasmic inclusions in BSC-1 cells infected with
virulent measles virus (Edmonston strain) were studied by elec-
tron microscopy. Development of the inclusions in the cytoplasm
was preceded by the appearance of filamentous structures 250 to
340 A in diameter, distributed diffusely mainly in the peri-
nuclear zone. As the infection progressed, the filamentous
structures became longer and more numerous. The first inclusions
had the character of aggregates composed of sporadically and
randomly distributed and partly oriented filamentous structures
of tubular appearance, 250—340 A in diameter, with an axial canal
and indented surface. Later, condensation of the aggregates took
place and denser inclusions developed. They were composed of fila-
mentous structures 140—160 A in diameter partly oriented later
on and superficially resembling the internal component of measles
virus. Inside and near the inclusions many particles, closely re-
sembling the measles virus in morphology and size, were found.

Introduction

Cultivation of the measles virus in tissue culture (Enders ef al., 1954) has
opened wide possibilities of studying this virus by various methods.

Electron microscopic studies on the intracellular development of the me-
asles virus have revealed cytoplasmic and frequently intranuclear inclusions
in the infected cells. Nearly all investigators have come to the conclusion that
the inclusions represent not aggregates of virus particles (Black ef al., 1959;
Kallman et al., 1959; Baker ef al., 1960) but accumulations of randomly and
sporadically distributed filamentous structures in the cytoplasm. In the
nuclei, similar structures showed regular arrangement in most cases, up to
the development of crystal-like masses. These observations have been con-
firmed and extended by other authors (Tawara et al., 1961; Nishi et al., 1962;
Tawara, 1965).

The present paper illustrates an approach to the study into a virus-cell
interaction characterized by several distinct features. An attempt was made
to depict the dynamics of the process of infection.
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Materials and Methods

The measles virus (Edmonston strain), the BSC-1 cell cultures and the mode of infection were
the same as described previously (Anisimové ef al., 1968).

To study the early stages of the infection process, starting with adsorption of virus particles
on the surface of the cells and ending with their penetration into the cells, the method recom-
mended by Marcus (1959) was used: the cell suspension was infected with fresh virus portions
three times in succession. Adsorption was performed at 0—2° C for 4 hours. The cell-virus complex
was immediately fixed at 0° C, or was stored at 37° C for 5, 10 and 15 minutes and fixed afterwards.

Electron microscopic investigations were carried out 30 and 60 minutes after infection and
then at daily intervals until the 8th day. Control cell culture specimens were examined at the
same intervals. The preparation of specimens was the same as described previously (Anisimova
et al., 1968).

Results

The first signs of cytopathic changes in the infected cells were revealed on
the 2nd day after infection; on the 3rd and 4th day the cytopathiceffect involved
about 30 and 709, of the cells, respectively; it reached the maximum on the
5th day. On the 7th and 8th day the major portion of the monolayer dege-
nerated and separated from the glass. The remaining portion represented
non-fused mononucleate or giant cells with a few nuclei in which signs of
degeneration were only slightly expressed. This apparently was a sign of the
development of the next cycle of infection.

As shown by electron microscopy of the infected cells, a specific sign of the
infection was the occurrence of filamentous structures in the cytoplasm of
giant cells, symplasts, and individual cells. The distribution of the filamentous
structures varied at various stages of the infectious process.

Two days after infection, a small number of filamentous structures were
distributed diffusely and without certain orientation mostly near the nucleus
and less frequently in the peripheral areas of the cytoplasm. Their maximal
length did not exceed 500 nm. In some of the cells the filamentous structures
were already more numerous and their length amounted to 1000 nm (Fig. 1).
In some cases the filamentous structures were localized inside the vacuoles
of various size. This seems to be the result of the defence reaction of the cell
(Fig. 2).

Three days after infection, whole aggregates of various form and size pre-
vailed in the infected cells. The aggregates were composed of filamentous
structures either randomly distributed or showing partial orientation, when
they were located more or less parallely to each other (Figs 3 and 4). In most
cases, the aggregates were localized in the perinuclear zone. In such cases,
the filamentous structures were distributed on one or two sides of the nucleus
or, sometimes, they surrounded the whole nucleus.

As to their ultrastructure, high-power magnification showed that the
filaments most probably represent tubular structures with an axial canal
100—140 A in width and an indented surface owing to which it was most
difficult to determine precisely their outer diameter ranging between 250
and 340 A (Fig. 5).

In addition to the aggregates described above, in which filamentous struc-
tures were mainly loosely distributed, denser inclusions with filamentous
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structures packed closely one to another were mostly found 3 and 4 days
after infection (Fig. 6). Due to high electron density of these inclusions, the
filamentous structures were generally less distinet than in the previous cases.
Such compact inclusions were sometimes found inside cavities, there being
a fairly wide free space around the inclusions which, at low magnifications,
appeared as a light halo (Fig. 7). Inclusions of this type were mostly composed
of thin filamentous structures 140—160 A in diameter. However, inclusions
with simultaneously occurring two types of filamentous structures, 250 to
340 A and 140—160 A in diameter, were also found. This seems to suggest
a differentiation, in consequence of which the wide filamentous structures
were replaced by the narrower ones (Fig. 8).

This type of inclusion differs from the still more compact, electron dense
and sharply outlined inclusions which seem to represent the next step in
inclusion development (Fig. 10). Thin filamentous structures, 140—160 A
in diameter, are their basic morphological unit (Fig. 10a). In some inclusions,
the filamentous structures were distributed at random, in others partial
orientation was observed (Figs 9 and 10). Vesicles, myelin-like structures and
altered formations adjoined some inclusions, most often from the periphery
(Fig. 9). It was a characteristic feature that such compact inclusions were
found either in the zone of the disintegrated cytoplasm of inside the cavities
separated from the cytoplasm by a membrane (Figs 9 and 10).

We gained the impression that the cavity and the membrane were most
frequently found in cells which were not heavily damaged. In cases where
the cells had undergone greater destructive changes, the cavity and the mem-
brane were not seen and the inclusion was found direct in the zone of the dis-
integrated cytoplasm.

In inclusions of this type we could reveal, in some cases, a membrane be-
longing direct to the inclusion and separating the content of the inclusion
from the cytoplasm. Such a membrane in the stage of formation is shown in
Figs 8 and 10: it is of a wavy and interrupted character and does not yet clo-
sely adjoin the inclusion.

In addition to those described above, we observed still another type of
inclusion (4th, 5th day) which we defined as the “mature” type. A detailed
description of the morphological characters of these inclusions has been pre-
sented (Anisimova et al., 1968) and, therefore, we will mention them only
briefly to allow a better understanding of the dynamics of the process of
infection.

The “mature” inclusions, distinguished by a high electron density, were
surrounded by a membrane and composed mainly of filamentous structures
of tubular appearance, regular arrangement, and 140—160 A in outer dia-
meter. In close vicinity of the inclusions and inside them we found particles
either budding from the surface of the inclusion or released through the
sequestration of the inclusion into individual fragments. By their morpho-
logical characters and size these particles were closely similar to measles
virus. We are inclined to believe that these particles most probably represent
measles virus, and the inclusions sites of accumulation of measles virus nucleo-
protein (Figs 11 and 12).
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In addition to the above-described new formations, peculiar to the process
of infection, also certain morphological changes occurred in the cells. Thus,
for instance, a considerable portion of the endoplasmic reticulum was found
to be diminished in the cytoplasm. This was particularly apparent in zones of
accumulated nuclei. Mitochondria underwent degenerative changes consisting
mainly of the disappearance of cristae and a change of mitochondria into
vacuoles. Lytic changes in the form of disintegration of the ground substance
occurred in the cells at later stages of the infectious process.

Investigations on the early stage of infection (adsorption, and 10, 15, 30
and 60 minutes after infection) unfortunately failed to give the expected
results. We did not succeed in obvious identification of either the adsorption
of virus particles on the cell surface or their penetration into the cells. The
failure was possibly due to the relatively low virus doses.

Discussion

Our observations showed that the appearance of electron-dense (“mature”)
inclusions, which we are inclined to regard as the site of accumulation of
measles virus nucleoprotein, was preceded by the formation of diffusely
distributed filamentous structures. With progressing infection, these struc-
tures increased in length and number. We do not know of any report about
these early stages of development.

The next stage-aggregation of filamentous structures — has already been
described by several authors (Kallman et al., 1959; Mannweiler, 1965; Hsiung
et al., 1967). However, these authors gave no detailed description of the sub-
microscopic appearance and precise parameters of these structures.

As mentioned above, the filamentous structures found in the hyaloplasm
matrix in the early stages of development, including the formation of aggre-
gates, in agreement with our interpretation, have a tubular structure and

- their diameter equals 250—340 A. By their outer appearance, these structures
resemble the well-known internal component (nucleocapsid) of the measles
virus revealed by the negative staining technique and described by Waterson
et al. (1961) and Waterson (1965). According to Waterson, the outer diameter
of the internal component equals 120—150 A in a virus particle which is not
much altered in this outer appearance, and 170—180 A on treatment of the
virus with ether or detergent. These values are much lower than those ob-
tained by us. On the other hand, filamentous structures 260—280 A in
diameter were obtained from the cytoplasm of cells infected with the measles
virus and subjected to an osmotic shock by Howatson (1962), Almeida and
Howatson (1963), and Norrby and Magnusson (1965). The negative staining
technique has shown that they represent a typical virus component, but
slightly larger in size, of the pitch height of 70—75 A, and surrounded by an
extratubular structure which seems to have a spiral configuration.

We are inclined to consider the wide filamentous structures which lie
free or are gathered in aggregates to be the earliest stages of reproduction
of the nucleoprotein component in the cytoplasm. The fact that these filamen-
ous structures are disclosed mainly in the perinuclear zone of the cell and
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that the “mature” inclusions, near which a number of virus-like particles are
found, are localized at the same site may offer some evidence about the anti-
genic character of these filamentous structures. Their viral character was also
confirmed by the haemadsorption experiment reported by Mannweiler (1965),
in which monkey erathrocytes were fixed on the surface of cells containing
filamentous-like strucures of similar outer appearance.

Further on, most probably differentiation may have taken place in the
stage of development of denser inclusions, and structures 140—160 A in
diameter appeared in place of the wide filamentous structures. Supporting
evidence is the picture shown in Fig. 8, in which both structures are disclosed.

Another possibility, though less probable, accounting for the presence of
the two types of filamentous structures, could be a different degree of suscep-
tibility of host cells to the virus.

The next stage, which in our conception represents the next stage in
inclusion development, is characterized by subsequent condensation of
inclusions composed of filamentous structures 140—160 A in diameter, and
by partial orientation of the latter.

As regards the development of membranes, the time of their formation
probably does not coincide. At the beginning, a membrane which separates
the cytoplasm from the inclusion seems to be formed and the inclusion is
found laying in a smaller or larger cavity. This membrane is not formed
regularly. The second membrane, which belongs to the inclusion, seems to
develop later on, because we observed inclusions without their own mem-
branes but already lying in the cavity separating them from the cytoplasm.
Budding of virus-like particles could be disclosed only after a membrane own
to the inclusion had been formed. We think that the light halo around the
inclusions, which was seen in the optic microscope in fixed and stained prepa-
rations, represents no artifact (Black ef al., 1959), but either a free space
which has developed as the result of separation of the cytoplasm from the
inclusion, or a zone of disintegrated cytoplasm.

On comparing our data with reports on myxoviruses, we found the greatest
morphological resemblance with parainfluenza virus types 2 and 3 (Reczko
and Bogel, 1962; Kuhn and Harford, 1963; Compans ef al., 1966; Ané, 1967).
Especially interesting is the finding by Tajima ef al. (1967) of electron-dense
inclusions with rinderpest virus, whose fine structure was very similar to that
observed in our work with measles virus.
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Eaxplanation of Hlectron Micrographs:
BSC-1 cells infected with the Edmonston strain of measles virus.

Fig. 1. Filamentous structures, 250—340 A in diameter, distributed diffusely in the perinuclear
zone of the cell. Two days after infection.

Fig. 2. Filamentous structures localized inside the vacuoles of various size. Two days after in-
fection.

Figs 3 and 4. Aggregates composed of randomly distributed and partly oriented filamentous
structures 250—340 A in diameter.

Fig. 5. Cross and longitudinal sections of filamentous structures 250—340 A in diameter. Three
day after infection.

Fig. 6. Inclusion in the matrix of the cytoplasm, 3 days after infection.

Fig. 7. Denser inclusion lying in a cavity. The membrane separating the cytoplasm from the
cavity can be distinctly seen.

Fig. 8. Inclusion in the zone of disintegrated cytoplasm, composed of 2 types of filamentous
structures: 250—340 A in diameter (centre) and 140—160 A in diameter (periphery). Onset
of formation of the proper membrane around the inclusion. Three days after infection.

Fig. 9. Electron dense inclusion composed of filamentous structures 140—160 A in diameter.
The inclusion lies in a large cavity separated from the cytoplasm by a membrane. Three
days after infection.



