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FIG. 3. Island ofgrowing cells 7 days after infection with adenovirus type 12. Giant cell formationi in1 the cenira
part of the island with strong immuniiofluorescenice. Most peripheral cells are unistainted. X 1,500.

of cells, the cover slips were gently removed by immer-
sion of the slides in distilled water. After air-drying,
the slides were processed for autoradiography as de-
scribed. After development, the cells were stained
with Giemsa (9). The previously photographed cells
were relocated and scored for presence of labeled loci
and were photographed again.

RESULTS
Immunofluorescence studies. Nil cells, infected

at input multiplicities of 5 and 10, were examined
for presence of adenovirus type 12 T antigen
specific immunofluorescence over periods of up
to 2 weeks. The percentages of T antigen-pro-
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VIRAL GENOME IN INFECTED HAMSTER CELLS

FiG. 4. T antigen7 in (a) FUDR-treated and (b) growing cells 7 days after inifectioni with adenovirus type 12
Xl,S00.

ducing cells were determined at intervals of 1 or
2 days. At an input multiplicity of 10 (Fig. 1),
all of the 1,000 cells counted 1 and 2 days after
infection revealed T antigen. If any nonfluorescent
cells were present, they amounted to well below
0.1%7-. From the third day on, the percentages of
fluorescent cells declined. The cultures started
to grow rapidly and were passaged every 3 or 4
days. T antigen-producing cells decreased with
each division by a factor of about 2 (Fig. 1).
The presence of some nondividing, T antigen-
containing cells (12) and fluctuations in growth
rates during the observation period were pre-
sumably responsible for irregularities in the
curve.
The fluorescence elicited in the hamster cells

was very brilliant and of rod or needle shape.
It was limited on the whole to the nucleus, but
some cells revealed, in addition, fluorescent dots
in the cytoplasm. In many cells the fluorescent
rods corresponded to dark filaments seen in the
nucleus by phase-contrast microscopy (Fig. 2).
In growing cultures, the central cells of islands
usually showed fluorescence and frequently giant
cell formation (Fig. 3), whereas only few cells
at the periphery revealed T antigen.
Upon inhibition of cellular growth by FUDR,

the fluorescent cells persisted for at least 2 weeks
(Fig. 1). Figure 4 demonstrates representative
areas of growth-inhibited and growing cultures 7
days after infection.

TABLE 1. Labeled loci in growinig anzd FUDR-treated
Nil cells ilnfected with 3H-adenovirus type 12

at aii iniput multiplicity of I
(100 cells couniitedl

Days after infection
Infection of cells with

1 3 '5 12 14

'H-adenovirus 12... . 685 413 198 40 15
3H-adenovirus 12 +
FUDR............ 582 625 760 794 754

Autoradiographic studies. Preparations of 3H-
labeled adenovirus type 12 of high purity were
used for infection of Nil cells. Infectivity, induc-
tion of T antigen synthesis, and electron micro-
scopic demonstration of viral particles corre-
sponded to the peak of radioactivity. The in-
fectivity titers ranged in different preparations
from 10' to 109 Tc1D50/ml. At various times after
infection, preparations were processed for auto-
radiography and the number of labeled loci per
nucleus was determined. The decline in labeled
loci in growing cultures corresponded to some
extent to the reduction of T antigen-producing
cells (Table 1). In growth-inhibited cultures, the
nuclear grains persisted. The slight increase
during the observation period was probably due
to fusion of labeled cells.

Correlation of labeled loci and virus-specific
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FIG. 5. Comnparison of inidividuial cells inlfected by innuwltofluorescence anid auitoradiography 7 days after ilnfec-
lioII of i/e cultutres with 3H-labeled adenlovirius type 12. Nuclei with T anitigelns conitaini nlumerouis labeled loci.
X 1,000.

fluorescence in individual cells. Preselected im-
munofluorescent cells were processed for auto-
radiography 7 days after infection. After exposure
for 16 days, 92 cells out of 100 were relocated.
They contained nearly 10 times more labeled
loci per nucleus than did 100 nonfluorescent cells.
The count of labeled loci in fluorescent cells was
29.9 and in nonfluorescent cells it was 3.05.
None of the fluorescent cells was unlabeled,
whereas 18%', of the nonfluorescent cells were
free of grains. However, a few nonfluorescent
cells revealed between 20 and 30 labeled loci.

The label was restricted almost exclusively to
the nucleus (Fig. 5) and at high magnification
often revealed clustering of the grains (Fig. 6).

DISCUSSION

The results demonstrated that dividing cells
lose their T antigen almost completely within 2
weeks. Since 100%' of these cells revealed specific
fluorescence 24 and 48 hr after infection, the
nonfluorescent progeny must originate from
fluorescent cells, although a large proportion of
these were incapable of dividing (12). The per-

IA

922 J. VIROL.

I
MOMS&

.zJ if

W.

.A.

9.

A0
:,. k.

;m
.4illo,.,. 4110 :i

..fh;

"'.. 4b
.U. t

A&16



VIRAL GENOME IN INFECTED HAMSTER CELLS

S

b
*

FIG. 6. Il,clividcial cell inlfected with 3H-labeled adetiovirius type 12. (a) Virus-specific T anltigenl alnd (b) labeled
loci. Note freqluenlt clutsterilg ofgrcins.

sistence of the latter type of cells and the asyn-
chronous growth of the cell population obscure
to some extent the exact slope of the regression.
Nevertheless, the results suggest approximately a
50% reduction in the number of T antigen-con-
taining cells with each division. Interpretation
of these data is still speculative. Oxman and
Black (7) suggested that a nonintegrated state
of the viral genome might be responsible for
similar findings in simian virus 40-infected cells.
Results obtained upon infection of HEK cells
with 3H-labeled adenovirus type 12 (10) were
compatible with this interpretation. The presence
of isochromatid labeling of chromosomes in
hamster cells infected with 3H-labeled adenovirus
type 12 indicates that, in addition, "silent" in-
tegration occurs (zur Hausen, in preparation).
It is conceivable that both events may be in-
volved in a single infected cell.

In growing cells infected with 3H-labeled
adenovirus type 12, reduction of labeled loci
paralleled the regression of T antigen-synthe-
sizing cells. This clearly indicated, in addition to
other results (12), that adenovirus type 12-in-
fected Nil-2 cells can divide. In FUDR-treated
cells, the label persisted over a period of at
least 2 weeks in the nuclei of infected cells. Since
these cells did not replicate, the label could
not represent free thymidine from breakdown
products of viral genomes. It is suggested that
the label represents the intact viral genomes in
the nuclei of infected cells.
The finding of labeled nuclear loci correlated

well with the presence of virus-specific T antigens.
None of the 92 preselected fluorescent cells was
found unlabeled 7 days after infection, whereas
18c% of the nonfluorescent cells were free of silver

grains. The average number of labeled loci in
fluorescent cells was 10 times higher than in
nonfluorescent cells. These results strongly indi-
cate that at least parts of the viral genome have
to be present for induction of T antigen synthesis.
The presence of labeled loci in nonfluorescent

cells poses a problem of interpretation. Although
the grain counts were generally low, up to 30
labeled loci were noted in a few cells. These
results might be due either to defective viral
particles, which are incapable of inducing T
antigen synthesis, or to cellular repression of
virus-specific functions.
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Structure and Development of Viruses as Observed
in the Electron Microscope

VIII. Entry of Influenza Virus
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It is suggested that, after attachment of influenza virus to the cell, the viral coat
disintegrates. With fusion of virus to the cytoplasmic membrane, the latter undergoes
dissolution. Rupture of the viral core permits release of nucleoprotein directly into
the cytoplasm. Stages in the process are illustrated.

It has been reported that entry of herpes sim-
plex virus can be divided into stages, which begin
by the tenth minute after cells have been exposed
to the virus. These are, first, dissolution of the
viral envelope in proximity to the cell surface;
second, fusion of the envelope to the cytoplasmic
membrane; third, dissolution of the cell mem-
brane; fourth, entry of the capsid into the cyto-
plasm; fifth, release of the core from the capsid
(6). In the light of these observations, it was
decided to examine influenza virus, which also is
inactivated by ether, in order to determine
whether penetration occurred in a similar manner.
Previous experiments employing ferritin had re-
vealed that the entodermal cells of the chorioal-
lantoic membrane (CAM) of chick embryos
showed considerably less phagocytic activity than
did cells in tissue culture. Accordingly, the CAM
was selected for examination of viral entry. By
allowing the cells to adsorb virus at 4 C and then
rapidly warming the preparation to 37 C, an
attempt was made to synchronize events suffi-
ciently so as to determine the rate at which entry
occurred. In addition, procedures using ferritin-
conjugated antibodies and negative staining were
carried out in order to gain further insight into
the process. The results of these studies constitute
the basis of this report.

MATERIALS AND METHODS

Eleven-day-old chick embryos were infected by the
allantoic route with 105 EID0 of influenza virus, PR8
strain, and the chorioallantoic (CA) fluids were har-
vested and pooled after 48 hr. The virus was sedimented
by ultracentrifugation and resuspended in one-tenth the
original volume of CA fluid. Amounts (1 ml) of this
suspension were placed in watch glasses and cooled to
4 C. Small fragments of shell with attached CAM from
11-day-old chick embryos were immersed in the viral

suspension. After 1 hr at 4 C, the membranes were
removed, washed, and transferred to beakers contain-
ing Earle's solution warmed to 37 C. After incubation
for 5, 8, 10, 15, 20, 30, 45, 50, 60, and 90 min, the mem-
branes were stripped from the shell, fixed for 1 hr in
l%o glutaraldehyde, washed, fixed for 30 min in 1%
osmium tetroxide, dehydrated in ethyl acohol, and
embedded for cross-sectioning in epoxy resin (Epon
812).

In an effort to slow the process of penetration,
CAM was also incubated with virus for 20 or 45 min
and then cooled to 4 C by floating the watch glass on
ice water for 15 min before fixation and embedding.
(In these experiments the virus was not adsorbed at
4 C.)
A solution of ferritin-conjugated antibodies specific

for the V antigen and prepared as previously described
(2) was placed in watch glasses, and CAM attached to
the shell was transferred to it at the conclusion of the
1-hr adsorption period at 4 C. After incubation at 37
C for 20 and 60 min, the CAM was washed, removed
from the shell, fixed, and embedded.
The sections, stained with uranyl acetate and lead

citrate, were examined in a Phillips EM 200 electron
microscope. All micrographs were taken at an initial
magnification of 25,000 times and are reproduced at a
magnification of 200,000 times.

For negative staining, CAM attached to the shell
was immersed in virus suspension for 1 hr at 4 C and
then warmed to 37 C for 1 or 10 min. Formvar-car-
bon coated grids were pressed gently aganst the ento-
derm, withdrawn, and immediately stained with a
drop of 1% phosphotungstic acid, buffered atpH 7.0.

RESULTS
Figures 1-6 illustrate virus examined 5 min

after the preparation had been warmed to 37 C.
The characteristic core of the virus (Fig. 1 and 2)
shows irregularly arranged dense regions (pre-
sumably transected coils of nucleoprotein) and a
thin limiting membrane. The cores differ in den-
sity and in the clarity with which the internal
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FIG. 1-6. Virus adsorbed to CAM for 1 hr at 4 C and then kept at 37 C for 5 min. X200,000
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