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Toxoplasma gondii is known to be a typical
obligate intracellular parasite and multiplies
well in the cytoplasm of cultured FL cells
derived from human amnion cells (KisHIDA,
1962). Poxviruses also multiply only in the
cytoplasm of cells and synthesize viral DNA in
the “B” type inclusions (Kato et al. 1960
a, b). PLT(psittacosis-lymphogranuloma ve-
nereum-trachoma) group agents are other ex-
amples which contain DNA and multiply
only in the cytoplasm of cells. It is note-
worthy that the meningopneumonitis agent
which belongs to the PLT group, does not
take up 3H-thymidine during the stage of mul-
tiplication. However infected cells showed
remarkable incorporation of 2H-cytidine
(Tamura, 1962) and H-uridine (Kato et al.,
1963 b) into both the DNA and the RNA of the
cytoplasmic inclusions. The other difference
between poxviruses and the PLT agent seems
to be with regard to nuclear DNA synthesis
in the cells during multiplication of the agents.
On viral multiplication poxviruses definitely
suppress host nuclear DNA synthesis (Kato
et al., 1960 a, b; Kato et al. 1964), while on
multiplication the meningopneumonitis agent
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does not affect nuclear DNA synthesis ap-
preciably except in the terminal stage of
infection (Kato et al., 1963 b). Another
interesting subject is the nucleo-cytoplasmic
interaction in cells parasitized with one of the
pathogenic Protozoa, Toxoplasma gondii.
Toxoplasma gondii (RH strain) was kindly
given by Dr. S. Takapa (Department of
Medical Zoology, Medical School, Osaka City
University). FL cells, at a density of 3 x 103
cells per ml, suspended in LE medium (Earle’s
balanced salt solution containing 0.5 per cent
lactalbumin hydrolyzate) with 10 per cent calf
serum, penicillin (100 units per ml) and strep-
tomycin (100 pg per ml), were put into 14
Leighton tubes containing coverslips. The
cells were allowed to become attached and grow
for 2 days at 37°C. Then 12 out of 24 tubes
were infected with about 107 Toxoplasma gondii
per tube. The infected Leighton tubes were
divided into three groups. Two tubes being free
from Toxoplasma were named the fourth group.
Fourty eight hours later the coverslips of the
first group were taken and observed under
the phase contrast microscope. As shown in
Fig. 1, about 50 per cent of the cells were found
to contain some Toxoplasma gondii and many
of them showed a cluster formation with a
specific arrangement which indicates the active
multiplication of Toxoplasma in the FL cells.
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The second group of cells were kept in
medium containing *H-thymidine (1 gzc/ml) for
1 hour. Then dipping autoradiography was
carried out using Kodak NTB2, as reported
in our previous paper (KaTo etal. 1963a). The
exposure time was 22 days at 4°C in a cold
room. After development and fixation, the
autoradiograms were stained with Giemsa
solution. None of the Toxoplasma gondit in
the cytoplasma were labeled, while more than
50 per cent of the nuclei of both cells containing
a cluster of Toxoplasma and of cells without
any Toxoplasma were heavily labeled (Fig. 2).

The third group of cells were kept in
medium containing ®H-uridine (5 pc/ml). A
part of the sample was treated with 1 N HCI
at 60°C for 15 min to remove RNA. Then
autoradiography was carried out. The expo-
sure time was 4 days at 4°C in a cold room.
Most of the Toxoplasma in the cytoplasm and
most of the nuclei of the host cells were well
labeled (Fig. 3). HCl-treated preparations
showed a definite decrease in the number of
silver grains both in the Toxoplasma and in the
nuclei of the host cells. However, a certain
number of silver grains remained in about 30 per
cent of the Toxoplasma (Figs. 4 and 5). These
results suggest that most of the silver grains in
the Toxoplasma are derived from 3?H-uridine

TABLE 1

incorporated into RNA while a few seem to be
derived from 3H-uridine transported into
DNA via ®H-intermediates.

To test whether the DNA of Toxoplasma
was derived from host nuclei or not, the fourth
group of cells previously labeled with 3H-thy-
midine (1 pzc/ml) for 24 hours were challenged
by Toxoplasma gondii. Fourty eight hours
later the coverslips were taken and autoradio-
graphy was carried out. Autoradiogram of
the preparations showed that host nuclear
DNA was not transferred to Toxoplasma gondii.

These results obtained with Toxoplasma were
in exact accordance with those on the menin-
gopneumonitis agent. The results also suggest
an essential difference in the nature of the host-
parasite interactions in these two microorgan-
isms and viruses. A comparison of the nu-
cleic acid metabolism in cells parasitized with
various agents is shown in Table 1.

Summary

1. Toxoplasma gondii does not take up *H-
thymidine during intracytoplasmic multiplica-
tion. 2. Extensive incorporation of #H-uri-
dine into Toxoplasma was demonstrated. Most
of the uridine was incorporated into RNA.
However a certain amount was definitely

Comparison of nucleic acid metabolism in the cells parasitized with various agents

Incorporation of Incorporation of Incorporation of
H-T into the
Hosts site of multipli-

Parasites examined

*H-U into the
site of multipli-

Transfer of host
nuclear DNA
into the site of

SH-T into the
nucleus of the

examined cation of the cation of the cell during ltiplicati
Group Agents agent in the agent in the multiplication mglt}llp 1catlotn
cytoplasm cytoplasm of the agent ° ¢ agen
Variola
Virus Cowpox FL cells + DNA only — or *+ —
Ectromelia
Meningop- both DNA
PLT neumonitis - cells - and RNA +* -
Toxoplasma both DNA
Protozoa gondii FL cells — and RNA +* -

SH-T': 3H-thymidine SH-U: °*H-uridine
* Except in the terminal stage of infection.
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transported into the DNA of Toxoplasma via
9H-intermediates. 3. Multiplication and me-
tabolism of Toxoplasma gondii do not affect
nuclear DNA synthesis appreciably.

Addendum

During preparation of this manuscript a report by
MaTsuBayasHI and Axkao (1965) appeared in which
evidence was obtained by electronmicroscopic auto-
radiography that Toxoplasma gondii takes up *H-
thymidine during multiplication in abdominal mono-
cytes of mouse. However, we cannot explain this
difference between their data and our own.

References

Karo, S., KamEvama, S. and KamanoRra, J. (1960 a).
Autoradiography with tritium labeled thymidine
of poxvirus and human amnion cell system in tissue
culture. Biker’s J. 3, 135-137.

Karo, S., KamEyama, S. and KamMaHORa, J. (1960 b).
Autoradiography of cells infected with variola and
cowpox viruses with 3H-thymidine. Biken’s J.
3, 183-189.

Karo, S., Aovama, Y. and Kamanora, J. (1963 a).
Autoradiography of the tissues of mice infected
with ectromelia virus using *H-thymidine. Biken
J. 6, 9-16.

Karo, S.; Ocawa, M., MivamoTto, H. and Kama-
HORA, J. (1963 b). Autoradiographic study of dual
infection of single cells with psittacosis-menin-
gopneumonitis virus and poxvirus. Biken J.6,159-
163.

Karo, S., Ocawa, M. and Mivamoro, H. (1964).
Nucleocytoplasmic interaction in poxvirus-infected
cells. I. Relationship between inclusion forma-
tion and DNA metabolism of the cells. Biken J.
7, 45-56.

Kisuipa, T. (1962). Traitement de la toxoplasmose
experimentale de la souris et de la cellule cultivée
par la sulfisomézole (sulfamesoxazole), I. J. Kyoto:
Pref. Univ. Med. 71, 715-719.

Tamura, A. (1962). Biochemical studies on the
meningopneumonitis virus. 1-88. (in Japanese)
MaTtsuBavasHl, H. and Axkao, S. (1965). Electron-
microscopic autoradiography of Toxoplasma gon-
dii. The 21st annual meeting of Japanese elec—
ctronmicroscopists. Kagoshima, May 1965 and

personal communication from Dr. Axao.

SHORT COMMUNICATION 109



Ficure 1 A cluster formation of Toxoplasma gondii, showing specific ar-
rangement which indicates the active multiplication of the agents in the
cytoplasm of the FL cell, observed under a phase contrast microscope.

F1GURE 2 Autoradiogram of *H-thymidine incorporated into FL cells
parasitized with Toxoplasma gondii. Stained with Giemsa solution. No
Toxoplasma gondii was labeled, while two nuclei were heavily labeled.
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FiGure 3 Autoradiogram of *H-uridine incorporated into FL cells parasitized
with Toxoplasma gondii, stained with Giemsa solution. Most Toxoplasma and
all four nuclei were well labeled.

FiGure 4, 5 Autoradiogram of *H-uridine incorporated into FL cells para-
sitized with Toxoplasma gondii, treated with 1 N HCI at 60°C for 15 min.
Stained with Giemsa solution. Only some Toxoplasma gondii were labled,
indicating the DNA synthesis of the agents.
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