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ABSTRACT

Kidney cells, predominantly from Cercopithecus monkeys but also from baboons, were infected
in vitro with the SV40 virus. The infectious cycle was studied with the electron microscope by
means of thin sections of cells fixed from 3 hours up to 11 days after infection. The frequency
of virus formation and various nuclear and cytoplasmic lesionsin relation to the infection are
described. The virus particles appear in the nucleus in close contact with the chromatin. In
a small number of cells they have been observed as early as 10 to 12 hours after infection,
but most often they appear 24 to 48 hours afterward. Their mean diameter is 33 mu. They
have no membrane and are frequently arranged as crystal-like structures. In addition to the
appearance of virus, one observes various lesions in the nucleoplasm and particularly in the
nucleolus, which shows an early hypertrophy and produces unusual, dense condensations
in contact with the nucleolonema. The importance of these nucleolar lesions and the rela-
tionship between the SV40 virus and the polyoma, common wart, and Shope papilloma

viruses are discussed.

The SV40 virus was discovered by Sweet and
Hilleman (38) in Macacus rhesus kidney cells, being
identified by the cytopathic effect it produces on
the kidney cells of Cercopithecus aethiops sabaeus, a
monkey which is not naturally a carrier of this
viral agent. The cytopathic effect is characterized
by an intense cytoplasmic vacuolization after
several days of infection (““vacuolating agent”).
Our preliminary electron microscope study on
Cercopithecus kidney cells in vitro infected by SV40
virus revealed that the site of development of the
virus is in fact entirely nuclear, that the cyto-
plasmic vacuolization is actually the consequence
of its multiplication in the nucleus, and, finally,
that its morphological structure is similar to that
of the polyoma virus (40). We also observed the
importance of nuclear and nucleolar lesions
(alterations produced by virus infection) which
appear in the course of the infection. These first
results are in agreement with the observations
made by Gaylord and Hsiung (15). When it was

discovered that the inoculation of this agent into
newborn hamsters produced tumors of the sarcoma
type (13, 17), this virus acquired importance in
tumor virus research. A more detailed morphologi-
cal study of the multiplication of this virus and
the cellular lesions it induces appeared necessary
to provide a better understanding of the cell-virus
interaction following infection with an oncogenic
agent.

In the course of our study we have paid particu-
lar attention to nucleolar alterations during the
first stages of infection. In addition, we have
been much interested in the comparison of the
evolution of this virus with that of the polyoma
agent.

MATERIAL AND METHODS

Cell Cultures

Primary cultures were prepared from kidneys of
the African green monkey (Cercopithecus aethiops sa-



baeus) and the baboon (Papio papio). After trypsiniza-
tion, the cells were grown in prescription bottles, in
a medium containing 0.5 per cent lactalbumin
hydrolyzate and 0.1 per cent yeast extract in Hanks’s
balanced salt solution, supplemented with 10 per
cent calf serum. When the monolayers were com-
pleted, they were changed to a maintenance medium
containing the same quantities of lactalbumin
hydrolyzate and yeast extract in Earle’s solution,
supplemented with 1 per cent calf serum.

Virus Inoculation and Titration

The strain of SV40 virus was obtained from Dr.
M. R. Hilleman. The virus stocks were grown in cells
derived from the kidneys of baboon. Virus titration
was performed by a plaque procedure derived from
the Dulbecco technique for polyoma virus (12).
Monolayers of green monkey kidney cells (300,000
cells per m! of medium, 5 ml per dish) were grown in
6 cm diameter plastic Petri dishes (Falcon). After
one rinse with PBS, different dilutions of virus were
put on the monolayers and left 40 minutes for ab-
sorption (42). The overlay (10 ml) was made with
the same maintenance medium described above, but
containing 1 per cent calf serum and 0.8 per cent
agar. The dishes were incubated at 37°C in a box
containing a mixture of air with 5 per cent CO,.
On the 11th day the cells were stained for 3 hours
with neutral red (0.05 gm per liter lactalbumin
medium), 5 m] per dish. The final count of the plaques
was carried out on the 14th day.

The titer of the different stocks of virus varied
between 5 X 10% and 10® plague-forming units (pfu)
per ml. The inoculum per prescription bottle con-
taining 3 to 5 X 10% cells was either high (10® pfu)
so as to assure an infection multiplicity of greater
than 1, and hence simultaneous infection of a major-
ity of the cells, or low (10* pfu) to obtain more spread
out stages of the infection in one culture. This study
deals with cellular changes induced with the low
titer of virus concentration.

Infected tissue culture cells were prepared for
electron microscopy from 3 hours to 11 days after
infection. Non-infected cells from the same batch
served as controls and were examined at similar
intervals. After centrifugation at 2000 rem for 10
minutes, the cells were fixed with 2 per cent osmium
tetroxide buffered according to Millonig (36) and
embedded in Epon. The ultrathin sections, prepared
with a Porter-Blum microtome, were stained either

1 hour with a 5 per cent aqueous solution of uranyl
acetate or by double staining (25, 31): 15 minutes in
uranyl acetate followed by 15 minutes in lead acetate
according to Karnovsky, method A (27). Further-
more, in order to carry out cytochemical studies on
thin sections, several samples of Cercopithecus kidney
cells, 24 hours and 48 hours after the infection, and
non-infected cells of a control culture were also fixed
with acrolein 5 per cent (29) for 20 minutes and
embedded in water-soluble glycolmethacrylate (29).
The ultrathin sections were stained with 5 per cent
uranyl acetate at pH 5 for 45 minutes. The grids
were examined with a Siemens Elmiskop I (80 kv,
objective aperture 50 u).

RESULTS
Cercopithecus Kidney Cells
Non-iNFECTED CELLS

In culture the monkey kidney cells are in general
irregularly rounded. Large nuclei account for the
high nucleocytoplasmic ratio that they exhibit.
The nuclear chromatin is rather homogeneous
and the nucleoli, one or sometimes two, often
appear in close contact with the nuclear mem-
brane, The nucleolonema with some portions of
increased contrast is easily visible, and in its loose
meshes appears the finely granular “pars
amorpha” (Fig. 1). The cytoplasm of these cells
contains many free RNP granules, ergastoplasmic
lamellae, a chiefly lamellar Golgi apparatus, and
numerous mitochondria. Besides this cellular type,
which is the most frequent one, there also exist
elongated cells of the fibroblast type. We have not
found significant ultrastructural changes, par-
ticularly with respect to the nucleolus, during
11 days of culture.

DEvELOPMENT OF SV40

From the 3rd to the 6th hour after infection most
of the cells have the same appearance as the non-
infected cells. However, in a few nuclei there is a
slight hypertrophy of the nucleolus. This may
result both from an increase in the amount of
nucleolar material and from a loosening of the
nucleolonema.

FI1GURE 1

Non-infected Cercopithecus kidney cell. Homogeneous distribution of the nuclear chroma-
tin. Nucleolus (Nu) with filamentous nucleolonema and pars amorpha close to the
nuclear membrane (M). G, Golgi apparatus; m, mitochondrion. The dense cytoplasmic
granules represent glycogen stained with lead. X 30,000.
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At the 10th hour, the alterations are chiefly nu-
clear and nucleolar, but they involve only a small
number of cells. First there is a distinct hyper-
trophy of the nucleus and, in particular, of the
nucleolus. Two nucleoli are encountered more
often than in the non-infected cells. The nucleolar
lesions affect primarily the nucleolonema and are
of two types: (a) The network of the nucleolonema
is distinctly looser than in the controls (Fig. 3). In
extreme cases the nucleolus appears as if it had
been torn asunder. (b) Some parts of the nucleo-
lonema retain their normal density, whereas
other parts, of varying size and randomly dis-
tributed, exhibit an increased density (Fig. 3).
It seems probable that the latter originate from
the dense part of the nucleolonema in normal
controls. This fine structure reveals tiny fibrillar
elements. Preliminary studies with enzymic
digestion suggest that they are composed of
proteins and RNA.

In some hypertrophied nuclei, one or several
extremely dense, regularly rounded or ovoid
clusters of very fine granules are found (Fig. 3).
They are often localized in proximity to the
nucleolus.

At the 12th hour, besides the lesions already
described, some nucleoli show another type of
alteration characterized by fragmentation of the
nucleolonema. The areas of increased density
become separated from one another and isolated
in the nuclear mass (Fig. 2, ¢). It has to be men-
tioned that, in very rare instances, even by the
10th and 12th hour of infection, a few nuclei con-
tain a considerable number of viral particles
filling all the nuclear area with formation of
crystal-like arrangements, as will be described
below.

After 24 hours, the cells with hypertrophied
nuclei and nucleoli are still more numerous. The

dense areas of the nucleolonema are now very
frequent, polymorphous, and of much greater
density (Figs. 4 and 5). They often form horseshoe-
or sausage-shaped figures (Figs. 4 and 5). These
are located within the nucleolus and at its periph-
ery, from which they may become detached. No
serial sections have been made. Much more
rarely, the nucleolar condensations are small,
spherical, and separated from the nucleolar ma-
terial by a clear halo (Fig. 2, d). One also observes
nuclear condensations similar to those described
in the stage of the 10th or 12th hour, but they
appear less dense and are often localized at the
periphery of the nucleolus. They do not exist in
control cells.

At 36 hours after the infection, the nuclei and
the nucleoli have the same appearance as after
24 hours, but viral particles are more frequent.
At this stage the cytoplasm may already be modi-
fied by the appearance of small vacuoles.

At 2 days after the infection one frequently finds
some nuclei containing a large number of viral
particles (Fig. 6). With the occurrence of viruses
in the nuclei, the homogeneous distribution of the
chromatin disappears, the nuclear mass being
filled with viral particles. Only a few small frag-
ments of nuclear chromatin persist, and these are
generally closely surrounded by viruses. In such
nuclei nucleolar hypertrophy has largely dis-
appeared. The nucleolus has become smaller and
contains in some areas an extremely dense sub-
stance formed by the accumulation of a finely
granular material (Fig. 6). However, in a great
number of nuclei which do not yet contain any
detectable virus particles, or only a few, the nu-
cleolar hypertrophy still persists with numerous,
intense condensations.

In the nucleoplasm of some of these nuclei there
exist one or several well delimited, spherical,

FicURe 2

Different aspects of nucleoli during the development of SV40 virus in cultures of

Cercopithecus kidney cells.

a. Nucleolus of non-infected cells.

b. Nucleolus after 12 hours of infection. Slight hypertrophy and enlargement of the
intranucleolar meshes. Increase of size of intranucleolar condensations.

¢. Nucleolus after 24 hours of infection. Hypertrophy and dense spots of increased

density on nucleolonema.

d, &. Two rare types of lesions observed after 12 hours and 24 hours of infection.

f> 8, k. Nucleoli observed 4 to 10 days after infection. f, large holes containing viruses;
g, amorphous, atrophied nucleolus; 4, clusters of coarse, dense granules within and at
the periphery of a homogeneous nucleolar mass.
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dense bodies of about 0.5 . They appear to be
composed of thin filaments (Fig. 7). In the center
of some of these bodies clusters of spherical
granules having the density and the size of the
SV40 virus are clearly visible (Fig. 8). The cyto-
plasmic vacuoles are increasingly numerous.

From the 3rd to the 7th day, the lesions described
above are always present and are more frequent.
The number of nuclei containing very numerous
virus particles gradually increases. Moreover, in
some of these nuclei, one or several spherical
bodies with clusters of viruses are still present. In
some cases such bodies, fully packed with viruses,
are delimited by a thin outer envelope which,
however, appears discontinuous at some places
(Fig. 9). It seems probable that such spherical
viral inclusions arise from the dense nuclear con-
densations already visible in the first stage of
virus infection (Figs. 3 and 7). The same spherical
bodies packed with virus particles have been
described in some nuclei of mouse embryo cells
infected with polyoma virus (3) (Fig. 10).

In addition, the tendency of the viruses to form
crystalline aggregates is already evident. Such
appearances cannot be distinguished from those
observed in polyoma-infected nuclei.

In the cytoplasm the number and chiefly the
size of the vacuoles increase considerably to give
an electron microscopic picture of the cytopathic
effect which corresponds to that described in light
microscopy (38, 24, 15). Virus particles can be
found in the cytoplasm in general after 6 days of
infection, and in some cases earlier. However, the
vacuolization of the cytoplasm cannot be fully
explained by the presence of cytoplasmic virus.
This lesion seems to be rather a consequence of
the nuclear changes.

From this stage on up to the 10th or 11th day, during
which the final lysis of infected cells occurred in
our cell system, many nuclei appear packed with
virus. A detailed study of the morphology of these
viral particles and of the late cellular alterations
linked with the viral multiplication is particularly
easy in such advanced stages of infection.

The medium diameter of the SV40 virus is
33 my, and the regularity of its size is striking. The
viral particles seem to be spherical (Fig. 11). Their
density depends on the electron stain used. It can
be very much increased by double staining with
uranyl acetate followed by lead acetate. The
viruses do not possess an external membrane,
but, at high magnification, a narrow outer zone
may be distinguished around the central core or
nucleoid which probably represents the capsid
(Fig. 11). The value of 33 my refers to Epon em-
bedding and double staining, which also increases
the contrast of the capsid. But in spite of this, the
exact limit of the particle is not always clearly
visible. In these late stages the crystal-like arrange-
ment of the virus is frequent. The center-to-center
distance of the particles within the “crystal” is
40 to 42 muy.

In addition to the presence of virus inclusions,
several other cellular alterations are observed. In
nuclei containing only a few viruses one observes
margination of the chromatin clumped at the
inner surface of the nuclear membrane (Fig. 12).
However, in the majority of the nuclei the chro-
matin has disappeared almost totally and the few
persistent fragments always show a very close
association with virus particles.

Two other alterations are frequently found in
infected nuclei: On the one hand, there are some
clusters of coarse, extremely dense granules, very
often in contact with the nucleolus (Fig. 12); on
the other hand, one observes bundles of fibrils in
virus-containing areas (Fig. 12). At high magni-
fication, these fibrils do not show any periodic
structure. They resemble the fibrillar structures
found in nuclei of mouse cells infected with the
thymic agent (4). One can find intermediate
stages between these fibrillar bundles and well
delimited light zones containing a loose, filamen-
tous network, visible in between the virus crystals.
However, it has not been possible to observe
stages in the direct transformation of fibrillar
bundles into such reticular areas, and the sig-
nificance of this observation is still unknown. Three

Figugre 3

Cercopithecus kidney cell, 10 hours after infection with SV40 virus. Nucleolus in close
contact with nuclear membrane. The nucleolonema shows wider meshes than in control
cells. Increased density of some distinct areas in the nucleolar substance. Arrow indi-
cates dense body in nucleoplasm, of unknown nature. The cytoplasm appears normal.

X 30,000.
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types of nucleolar alterations are visible in these
highly advanced and degenerative stages:

a) In hypertrophied nucleoli there frequently
exist large holes containing chromatin-like material
with numerous virus particles (Fig. 2, f).

b) Other nucleoli are composed of a homoge-
neous, finely granular material containing clusters
of the coarse and very dense granules described
above (Fig. 12). These clusters are mainly local-
ized at the periphery of the nucleolus and seem
to give rise to similar granules dispersed
throughout the nucleoplasm.

¢) Finally, in some nuclei totally filled with
viruses there is a striking nucleolar atrophy and
one observes the presence of an extremely dense
material attached to the nucleolonema. This
nucleolar lesion may be observed also in early
stages of infection (Fig. 6). Finally the cytoplasm
appears completely vacuolated, with formation of
myelin figures. In addition, there are often many
intracytoplasmic particles which either have been
released from the nucleus after partial disruption
of the nuclear membrane or have been phago-
cytized from the surrounding fluid. It is not un-
usual to find virus particles between the two sheets
of the nuclear membrane. In the cytoplasm the
viruses are most often attached to the membranes
of vacuoles (Fig. 13). More rarely a small crystal-
like cluster without a limiting membrane is found
in the cytoplasm. In these two cases the viral
particles have the same morphology as in the
nucleus (Fig. 13). But there also exists another
type of particle in the cytoplasm. This different
type of particle is most often gathered into small
groups. Its mean diameter is about 50 my, there-
fore much larger than that of intranuclear viruses.
These large viral particles possess an external
membrane (Fig. 13). A relationship may exist
between the limiting membrane of the vacuoles
and the formation of the external membrane of
these large cytoplasmic viruses. Loose clusters of
virus particles also have been found inside a zone

of small vesicles and a filamentous network. The
lesions are similar in appearance to those existing
in polyoma virus—infected mouse embryo cells.
Numerous viral particles are often found outside
the cells, attached to the cellular membrane.
Finally, we have also found some phagocytized
inclusions (phagosomes) with cell debris and
numerous viral particles whose morphology is
similar to that of the intranuclear SV40 virus.

Development of SV 40 Virus in
Baboon Kidney Cells

No early stages of infection have been examined.
After 7 and 9 days of infection, very numerous
viruses are found in some nuclei. They present the
same morphology as in the Cercopithecus kidney
cells. Their tendency to form crystallike inclu-
sions is strong. The presence of the spherical
bodies in the nucleoplasm containing clusters of
viruses is more frequently seen here than in Cer-
copithecus cells (Fig. 9). They present a filamentous,
whorled structure. In one of these condensations
we have found several hollow tubular structures
whose diameter was less than that of the mature
viral particles. However, tubules similar to those
described in polyoma virus-infected cells have
not been found in our thin sections, but were
encountered repeatedly in SV40 virus prepara-
tions after negative stain (6).

The nucleolar lesions are of the same type and
as frequent as in Cercopithecus. The above-described
cytoplasmic forms of the SV40 virus also exist in
the baboon cells. Therefore, from the morphologi-
cal point of view, we have not noticed any differ-
ence in the evolution of this virus in the cells of
two different origins.

DISCUSSION

The data here presented entirely confirm our
preliminary observations (40) and also those of
Gaylord and Hsiung (15). The SV40 virus has
essentially a nuclear development. The earliest

FIGURE 4

Cercopithecus kidney cell, 24 hours after infection. Hypertrophied and homogenized
nucleolus with several dense horseshoe-like inclusions. X 30,000.

FicURE 5

Cercopithecus kidney cell, 24 hours after infection. Hypertrophied nucleolus. Sausage-
shaped condensations on the nucleolonema, some of which are visible at the periphery

of the nucleolus. X 24,000.
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lesions are found in the nucleolus and nucleo-
plasm. The later cytoplasmic lesions, particularly
the appearance of vacuoles, are interpreted as the
consequence of the nuclear alterations.

The presence of SV40 virus particles in a few
nuclei as early as 10 to 12 hours after infection of
the culture indicates that at least in some cells
the development of the virus is much more rapid
than was originally believed. In our preliminary
study, we did not find virus particles before the
48th hour of infection (40). This was also the time
of appearance of intranuclear lesions visible with
the light microscope (15). Melnick (35) estimated
the time of the infectious cycle as being 24 hours.
We must emphasize that it is impossible to indi-
cate the exact age of the lesions described above,
as we certainly have in our system a superimposi-
tion of several infectious cycles after 2 or 3 days
of culture. We could determine precisely the age
of the observed lesions in terms of “hours after
infection” only if we could be sure that the infec-
tion of all cells started simultaneously and that
the speed of viral synthesis was the same in all
cells; this is not the case here. All we can say is
that in the majority of cases nuclear virus particles
were seen only after 24 to 48 hours of infection,
but in a very few cells they appeared much
earlier.

The virus particle has a medium diameter of
33 mu when measured on thin sections. This
corresponds to the figure of 30 mu =+ 10 per cent
given by Gaylord and Hsiung (15), but differs
from that of 40 to 50 myu published by Melnick
(35). The latter author, however, does not indi-
cate on which technique his measurement was
based. If one measures the center-to-center dis-
tance of particles in a crystal on a section, one
finds a diameter of 40 to 42 myu; after negative
staining, it is 42 to 45 mu (6). If the shadow cast
method were employed, we probably would ob-
tain still higher values. In the latter two cases the
particles are flattened after desiccation and, there-
fore, their diameter tends to increase. Apparently
contradictory data found in the literature on the
size of viruses usually can be explained by differ-

ences in technique. This is well illustrated by the
related common wart virus, recently studied by
Williams st al. (44).

Morphologic studies reveal that the SV40 virus
(15, 40) is strikingly similar to polyoma virus
(2, 3, 22, 23) and also, though to a lesser extent,
to the Shope papilloma (20, 37, 45) and human
wart viruses (1, 9, 14, 44). They are each small,
and in sections are seen to possess an outer zone of
low density (the capsid), but no distinct peripheral
membrane. They develop in the nucleus, where
they have the tendency to form crystals. At least
three of them are known to be DNA viruses:
polyoma (34, 41), Shope papilloma (26), and
SV40 (7, 16). Examination by the negative stain-
ing method, however, seems to reveal discrepan-
cies. Despite the icosahedral symmetry which all
exhibit, there is as yet no agreement on the num-
ber of capsomeres. The polyoma (43), human
wart (44), and SV40 viruses (33, 6) seem to have
42 capsomeres, although this still needs confirma-
tion. The number of capsomeres is not yet well
established for the Shope papilloma virus: 42 or
60 (45), 60 to 70 (8). Moreover, a model with 92
units is shown by Mattern to be as probable as the
42-unit model for the polyoma and papilloma
viruses (32). Until such time as agreement is
reached on details of fine structure, it would seem
premature to place these four viruses in the same
group, as proposed by Melnick (Papova group
(35)).

Although the nuclear lesions produced by poly-
oma and SV40 viruses are generally similar (3, 40),
they do exhibit certain differences. Only the
SV40 virus has been seen to induce the formation
of bundles of fibrils. In the case of the Shope
papilloma (37) and common wart (44) viruses
there seems to be a closer topographical relation-
ship between these agents and the nucleolus than
in the other viruses, but this has to be investigated
further.

The relationships of these viruses with the
chromatin and the nucleolus merit special atten-
tion. Fragmentation and margination of the
chromatin is a common feature of this type of

FiGgukk 6

Cercopithecus kidney cell, 48 hours after infection. Appearance in the nucleus of numer-
ous virus particles which are seen in close contact with the small clumps of chromatin
(arrows) disseminated throughout the nucleoplasm. Atrophied nucleolus. In contact
with the nucleolonema, veéry dense granular substance of unknown significance.

X 20,000.
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infection. The role of the chromatin in the forma-
tion of polyoma (22) and SV40 virus seems im-
portant. Gaylord and Hsiung (15) have even
hypothesized that the chromatin of SV40-infected
cells is somehow transformed into virus particles.
In the case of polyoma virus, we have noticed
that the virus particles are frequently situated in
the peripheral region of the nucleoplasm close
to the nuclear membrane. Though it is less com-
mon, we have also observed the same phenomena
for the SV40 virus after formalin or acrolein fixa-
tion followed by embedding in a water-soluble
plastic as proposed by Leduc et al. (29) and
applied to the study of virus infection by Bernhard
and Tournier (5). Virus particles gradually seem
to replace the chromatin, and in the early stage
of their appearance they are in close contact with
the chromatin clymps, but not with the inter-
chromatinic proteins. The particles appear
simultaneously throughout the chromatin, where-
ever it is located, mainly along the nuclear
membrane, or in contact with the nucleolus-asso-
ciated chromatin and, therefore, close to the
nucleolus, but not in the nucleolar substance
itself. The observation made by Stone et al. (37) on
the appearance of Shope papilloma virus within
the nucleolus and a similar finding reported by
Almeida et al. (1) in the case of common wart
virus has not been observed in the case of polyoma
and SV40 virus. Indeed, the presence of SV40
virus inside the large holes which appear in the
nucleolar mass after several days of infection does
not mean that these viruses have been formed in
the nucleolus. This may correspond as well to the
penetration of the nuclear substance into the
nucleolus during the uncoiling of the nucleolo-
nema, a phenomenon we have frequently ob-
served (Fig. 2, /).

Therefore we agree with Gaylord and Hsiung

(15) that the first virus particles, as a rule, do not
appear in the nucleolus.

There is no doubt, however, that the nucleolus
is somehow actively involved in the process of
viral synthesis. The hypertrophy of this organelle
in the late eclipse phase and the appearance of a
dense, newly formed substance in the nucleolo-
nema are striking in both polyoma and SV40
infection. One can consider this early nucleolar
alteration to be the morphological expression of a
changed nucleolar function in relation to the
infectious process. Such nucleolar lesions have
been noticed in infections with other groups of
viruses, thus indicating that this phenomenon
probably has a more general significance than has
been heretofore appreciated. Hypertrophied and
“spotted” nucleoli have been described in vari-
cella (39), ectromelia (28), mouse encephalomyo-
carditis (21), molluscum contagiosum (10), Rous
sarcoma (19), and mouse leukemia (18). The
chemical nature of these dense condensations is
not yet known because they are in general at the
limit or beyond the resolution of the light micro-
scope and, therefore, inaccessible to the usual
cytochemical investigation. An interesting light
microscopic attempt to analyze the chemical com-
position of the enlarged nucleolus in polyoma virus
infection has been made by Love and Rabson (30),
but it is not clear which structures visible in the
electron micrographs correspond to the RNA-con-
taining nucleolini described by these authors. We
have found by methods of ultrastructural cyto-
chemistry that intranucleolar chromatin, rare in
normal controls, is considerably increased in the
nucleoli of SV40-infected cells. This chromatin
was arranged sometimes in regularly spaced bands,
alternating with the nucleolar substance, a phe-
nomenon which was never seen in controls (5).
The relationship between nucleolus-associated

Ficures 7 AND 8

Cercopithecus kidney cell, 48 hours after infection with SV40 virus. Small area of two
nuclei with dense, spherical bodies. In Fig. 8, appearance of a few virus particles in the

center of the body. X 42,000.

Ficure 9

Baboon kidney cell, 7 days after infection with SV40 virus. Spherical body in nucleus
entirely filled with virus particles, and delimited by a discontinuous envelope. X 42,000.

Frcure 10

Embryonic mouse fibroblast, 3 days after infection with polyoma virus. Area of a
nucleus with similar spherical body containing polyoma virus. X 42,000.
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chromatin, nucleolar substances, particularly the
RNA, and the synthesis of both viral DNA and
specific proteins will have to be studied further.
The very early reaction of the nucleolus in the
course of the virus infection here described would
suggest that some important mechanism of syn-
thesis takes place in this organelle. -

Finally, as far as cytoplasmic virus particles are
concerned, they have been found in both SV40
and polyoma infection and give rise to similar
pictures: In both cases some cytoplasmic viruses
were observed with a diameter larger than that
of the nuclear viruses: 50 mu for the SV40, and
50 to 60 my for the polyoma agent (11, 22). These
larger particles appear to have an outer mem-
brane. It was thought that this membrane is
acquired in the process of phagocytosis of extra-
cellular particles (11). But in the case of SV40
virus described here, phagocytized particles, at
least those that are present in great number in
large vacuoles, do not exhibit a viral membrane.
One also can hypothesize that some virus particles
are coated with an envelope during their indi-
vidual passage across the nuclear membrane. As
we have mentioned above, we have indeed found
virus particles, but without membrane, between
the two leaflets of the nuclear membrane. It
seems improbable that the viral membrane is a
defense reaction of the cytoplasm toward the
infection, a possibility mentioned by Howatson
and Almeida (22). We must admit that the sig-
nificance of the large cytoplasmic particle is not
yet entirely understood.
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Ficure 13

Cercopithecus kidney cell, 10 days after infection. Virus particles in between cytoplasmic
vacuoles. Most particles have the same morphology as those described in the nucleus,
but a few are larger (50 mu) and it may be possible to distinguish an outer membrane

in some of them (arrows). X 80,000.
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