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Summary. — In the coarse of reproduction of type 1 adenovirus 
in KB cells six types of characteristic DNA-containing intra­
nuclear inclusions were distinguished: 1) “early” inclusions 
consisting of annulate structures; 2) friable fine-grained, 3) granu­
lar, and 4) coarsely granular inclusions; and 6) unformed and 
6) formed central corpuscles. A significant increase in DNA con­
tent with respect to the control was found in nuclei with types 1 
and 2 inclusions. The quantity of DNA remained constant at 
subsequent stages of inclusion formation. DNA synthesis was 
accompanied by an increase in the surface area of the nuclei of 
infected cells.

Introduction
In adenovirus-infected tissue culture cells characteristic intranuclear 

inclusions develop, which in the opinion of some authors are a site of synthesis 
and aggregation of the virus (Boyer et al., 1969; Defendi, 1962; Morgan and 
Rose, 1959; Sharpless et al., 1961). The initial stage of their formation is the 
forming of eosinophilic masses lacking nucleic acids, which on electron 
microscopic analysis correspond to the osmiophilic matrix consisting of 
filaments and granules (Bloch et al., 1957; Godman et al., 1960; Laris, 1965; 
Morgan and Rose, 1959). Virus particles are formed on the matrix, and they 
gradually form inclusions, frequently with crystalline structure (Laris, 
1965; Morgan and Rose, 1959). A parallel histochemical analysis proved 
that basophilic DNA-containing masses are formed around or within the 
eosinophilic inclusions; these masses gradually increase and at late stages 
form a central corpuscle containing DNA and a specific antigen (Bloch 
et al., 1957; Boyer et al., 1957, 1959; Nász and Tóth, 1959).

We considered it expedient to study the intensity of DNA accumulation 
at various stages of the formation of adenovirus inclusions, since a study 
of the nature of the inclusions and of the processes occurring in the cell 
during their development is of great importance for the comprehension of the 
mechanism of adenovirus reproduction.

In view of the peculiarities of the development of adenovirus infection in 
tissue culture, due to the slow adsorption of the virus and the gradual in­
volvement of cells in the infectious process, cytophotometry was applied
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in the solution of this problem, since it permits the determination in an indi­
vidual cell of the quantity of matter along with its morphological analysis. 
Cytophotometry proved to be useful in studying the mechanisms of repro­
duction of several viruses (Yerman et al., 1966; Altera and Moulton, 1966; 
Kasten et al., 1965).

Materials and Methods

Virus and tissue culture. Experiments were carried out on KB cell cultures with type 1 adeno­
virus (standard strain obtained from the Institute of Virology, U.S.S.R. Academy of Medical 
Sciences, Moscow). The cells were grown on cover glasses in a medium consisting of 45% of 
a 0'5% lactalbumin hydrolysate solution, 45% of medium 199 and 10% of bovine serum. After 
24 hours the cultures were infected with virus at a multiplicity of 1 TCT)50 of virus per 75 to 
80 cells. The preparations were fixed with Camoy’s fluid and stained by Feulgen’s method. The 
percentage of infected cells according to inclusion type was determined per 1,000 cells investigated 
in each preparation, 6 — 8 preparations being examined at each interval. In studying the dynamics 
of infectious virus formation, the culture fluid was repeatedly frozen and thawed to destroy 
the cells and centrifuged at 3,000 rev/min for 10 — 15 minutes. The total titre of the intra- and 
extracellular virus was determined by the method of Reed and Muench.

Cytophotometry. The investigations were conducted on a MUF-5 apparatus in the visible 
region of the spectrum by the scanning method at a wavelength of 546 nm, with a probe of 1.17 nm. 
The amount of DNA was expressed in conventional units according to the formula recommended 
by Brodsky (1966): Q = DS, where Q is the quantity of matter, D is the mean optical density 
and S is the surface area of the nucleus. The examinations were carried out on 25 — 30 cells con­
taining characteristic adenovirus inclusions of a definite type and, as a control, 60 cells from 
an uninfected culture 18 hours after change of the medium.

Biometric processing of the material. The quantity of DNA, the criteria characterizing the aver­
age value and the confidence of the difference in DNA contents by the t-test were determined. 
Similar indices were calculated in determining the surface area of the nuclei containing definite 
types of inclusions (Ashmarin and Vorobyov, 1960). The regression coefficient was calculated 
by Bailey’s (1962) method.

Results

Changes in DNA contents and the surface area of cell nuclei with respect 
to the type of adenovirus inclusions

Characteristic adenovirus inclusions observed during reproduction of 
type 1 adenovirus were divided into six types for cytophotometric analysis 
(Fig. 1):

1) “early” inclusions; at this stage annulate structures consisting of 
small Feulgen-positive granules were observed in the nucleus;

2) friable fine-grained inclusions, occupying almost the entire nucleus; 
a light coloured zone began to appear between it and the nuclear membrane;

3) granular inclusion consisting of a large number (10—15) of coarser 
DNA-containing granules, joined to one another and sometimes forming 
intricate figures;

4) coarsely granular inclusions consisting of several, most often 3—4, 
large, dense Feulgen-positive granules;

5) not fully formed central corpuscle consisting of a DNA-containing 
mass of irregular shape with loose, weakly stained edges, within which foci 
of densification were sometimes observed; and
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6) formed central corpuscle; the inclusion was more compact than in the 
previous stage, of rounded shape, intensely stained by Feulgen’s method. 
In formation of inclusion types 5 and 6, a large light-coloured zone is observed 
between them and the nuclear membrane.

Table 1. Amount of DNA in nuclei of adenovirus-infected ceils containing different inclusion
types

Inclusion
type X SE Confidence

interval

Crit 
of con 
of difl

t

eria
idonce
erence

p

Control 0.24» ± 0.10 ± 0.01 0.22 4- 0.26
1 0.45 ± 0.15 ± 0.03 0.39 ■— 0.57 6.2 < 0.1%
2 0.56 ± 0.22 ± 0.04 0.48 -f- 0.64 2.2 < 6%
3 0.57 ± 0.18 ± 0.04 0.49 -1- 0.65 1.7 > 6%
4 0.60 ± 0.22 ± 0.05 0.50 -4- 0.70 0.66 > 5%
5 0.69 ± 0.30 ± 0.06 0.57 -f- 0.81 1.66 > 5%
6 0.64 ± 0.23 ± 0.04 0.56 -4- 0.72 0.7 > 6%

x — arithmetical mean; a — mean quadratic deviation; SE — standard error; t — criterion of 
confidence; p — significance level.
* The factor 10~6 is omitted in all ceases for convenience.

The results of experiments on the determination of DNA are presented 
in Table 1. In nuclei containing “early” adenovirus inclusions consisting 
of annulate structures, the quantity of DNA equalled 0.45, which is 80% 
more than in the control cells (p < 0.1%). A comparative analysis of the 
cells containing “early” adenovirus inclusions and friable fine-grained inclu­
sions showed that the quantity of DNA in the latter increased to 0.56, this

Table 2. Surface area of nuclei containing different types of characteristic e adenovirus inclusions

Inclusion
type Xiog CTl0g SElog Xgeom

Criteria of 
of dif

t

confidence
erence

P

Control 0.36 0.08 0.01 2.3*
1 0.49 0.11 0.02 3.1 6.5 < 0.1%
2 0.52 0.16 0.03 3.3 2.11»* < 6%
3 0.56 0.13 0.03 3.6 1.0 > 6%
4 0.55 0.11 0.025 3.5 0.4 > 6%
5 0.44 0.14 0.02 2.75 2.75 < 1%
6 0.38 0.11 0.02 2.4 1.66 >6%

xiog — “intermediate” arithmetical mean of logarithms of variations; <riog — mean quadratic 
deviation; SEiog — standard error; xgeom — geometrical mean; t — criterion of confidence of 
difference; p — level of significance.

* The factor 10-e is omitted in all cases.
** The F-coefficient was calculated as the criterion of confidence of the difference (Bailey, 1962).



84 DYACHENKO, N. S. et al.

rise being significant. At subsequent stages of the formation of inclusions, 
beginning with the granular ones, the DNA content in the nuclei underwent 
slight changes.

Table 2 presents data on the changes in the mean surface area of nuclei 
containing adenovirus inclusions in the process of their formation. Nuclei 
with type 1 inclusions had a mean geometric surface area exceeding that 
of the control nuclei by 37 % (p < 0.1 %). During the formation of fine-grained 
inclusions the swelling of the nuclei continued (p < 5%). An analysis of 
Tables 1 and 2 shows a parallelism between the increase in DNA and the 
increase in area of nuclei with inclusions consisting of annulate structures 
and friable fine-grained inclusions as compared with these indices for cells 
from an uninfected culture. The process of formation of granular and coarsely 
granular inclusions was not accompanied by an increase in the area of the 
nucleus. A characteristic feature of nuclei with inclusions of types 5 and 6 
was a sharp significant decrease of the area with high DNA content. The 
mean size of nuclei with formed central corpuscles did not differ from that 
of the control cells (p >5%).

Inclusion types 
-7 A -4

• -2 □ -5
Д-3 ■ -6

60 hrs

Fig. 2.
Dynamics of development of inclusions in KB cells infected with type 1 adenovirus 

Left ordinate: number of cells according to inclusion types in %; rigth ordinate: virus titre; 
abscissa: hours after infection.
X-----------X total number of infected cells in %
X - - - - X virus titre
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Dynamics of development of characteristic inclusions
The infectious process dtevelops gradually and asynchronously; therefore 

affected cells at various stages of inclusion formation and normal cells are 
observed simultaneously in the cell monolayer.

As shown in Fig. 2, the first lesions in the form of inclusions consisting 
of annulate structures, appeared 18 hours after infection. A characteristic 
feature of the cell monolayer 24—36 hours after infection was the develop­
ment of inclusion types 1 — 4. From 48—60 hours the great majority of cells 
contained unformed and formed cent­
ral corpuscles, although earlier inclu­
sions occurred in a certain percentage 
of the cells.

Fig. 2 also illustrates the dynamics 
of the formation and accumulation of 
the infectious virus. It appeared 18 
hours after infection (the mean geo­
metric titre was 101'6 TCD50/0.1 ml) 
and a significant increase in the virus 
titre to 102-9 TCD30/0.1 ml was obser­
ved 48 hours after infection.

Relationship between DNA contents 
and volume of the nuclei

The data obtained indicate that 
in the process of type 1 adenovirus 
reproduction an increase in the DNA 
content occurs in the cells. This in­
crease may be due to two causes: a) 
synthesis of virus-induced DNA in the 
nuclei of the infected cells, and b) a 
change in the ratio between the number 
of diploid and polyploid cells in the 
investigated group tending toward an 
increase in the latter, which leads to 
an increase in the mean DNA value.
To solve this problem we studied the 
relationship between DNA contents of 
the infected nuclei and their volume, 
since it is known that with increase 
in the ploidy of the nucleus its vo­
lume increases proportionally (Frank- 
hauser, 1952). Two groups of cells were investigated: 1) the control group of 
cells from an uninfected culture 24 hours after change of the medium; 
and 2) the experimental group of cells with dense central corpuscles, since 
the cells of these two groups do not differ essentially with respect to size of 
the nucleus. The data on the volume of the nuclei (r3) were obtained from 
the indices of their surface areas, determined by a planimeter, after arithme­
tical transformations. The results are presented graphically in Fig. 3.

err * 10
Fia. a.

Correlation between amount of DNA and 
the volume of nuclei of KB cells, uninfect­

ed and infected with type 1 adenovirus 
Ordinate: amount of DNA in conventional 
units; abscissa: volume of nuclei 
A — Control cell nuclei
Д — Infected cell nuclei containing formed 

central corpuscles
1 — line of regression for control group of

cells
2 — line of regression for experimental

group of cells
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The regression coefficient of the change in nuclear volume (v) depending 
on the DNA content of the nuclei (x) was calculated, and an equation of 
regression was derived for the control and experimental groups of cells. 
For the first group the equation had the form у = 0.22 + 1-55 x, where 
the regression coefficient equalled 1.55; for the second group у =0.11 -f- 
4- 0.85 x. Thus, a correlation between the quantity of DNA and the size 
of the nucleus existed in both groups, but in the experimental group it differed 
quantitatively from that in the control group. The confidence of the difference 
in the regression coefficients was determined for the indicated samples, 
t =2.7, i.e. the difference was significant (p < 1%). Hence, in KB cells 
infected with type 1 adenovirus, the correlation between the DNA contents 
and the volume of the nucleus typical of a normal culture depending on the 
degree of its polyploidization was disturbed with a tendency of a more intense 
accumulation of DNA. Consequently, the increase in the quantity of DNA 
in infected cells was due to its synthesis in the process of adenovirus repro­
duction.

Discussion

We have established earlier that, during reproduction of type 1 adenovirus 
in KB cells, a significant increase in the mean DNA contents precedes the 
formation of the infectious virus and of the characteristic intranuclear in­
clusions. Subsequently, the accumulation of DNA continues during the 
process of synthesis of the infectious virus (Dyachenko et al., 1967). In the 
present work we investigated the intensity of DNA accumulation in infected 
cells containing definite types of characteristic intranuclear inclusions. 
We found that DNA synthesis, beginning in cells with visibly unaltered 
structure on staining by Feulgen’s method, continues only in those nuclei 
which contain inclusions consisting of annulate structures and friable fine­
grained inclusions. In cells with inclusions formed at later stages, the amount 
of DNA does not increase. Processes of condensation of DNA-containing 
masses, the synthesis of structural protein and the formation of virus particles 
probably prevail in these cells.

The experiments of Defendi and Krichevsky (1960), conducted by auto­
radiography on chick adenovirus, also indicate that different processes occur 
in cells with inclusions developing at various stages of adenovirus repro­
duction. A similar conclusion follows from Carmichael’s (1965) data on type 4 
adenovirus multiplication in dog kidney cells. In this case infectious virus 
was not formed, although DNA and a specific antigen were synthesized; 
the morphological lesions were distinguished by development of friable 
fine-grained inclusions only. We disagree with Kiefer and Sandritter (1964) 
that there is no correlation between DNA content and adenovirus inclusion 
type, since they confined themselves to a cytophotometric analysis of cells 
with later inclusions, in which DNA synthesis does not occur.

The experimental data obtained make it possible to assume that the in­
crease in DNA content in infected cells, observed during reproduction of 
type 1 adenovirus, is due to synthesis of virus-specific DNA. According to 
Bloch et al. (1957), Defendi (1962) and Laris (1965), intranuclear inclusions
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formed in adenovirus infected-cells consist of virus-specific DNA and do 
not contain chromatin. The DNA of adenovirus virions differs by nucleotid 
composition from the cellular DNA and codes the synthesis of the correspond­
ing RNA (Green et al., 1964; Rose et al., 1966).
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