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Abstract

A permeable cell system has been developed by treatment with digitonin for studying in
vitro DNA replication of chromatin. DNA replication of simian virus 40 nucleoprotein com-
plexes (SV40 chromatin) in digitonin-treated permeable cells was analyzed by electrophoresis in
agarose-gel. Autoradiography of the agarose-gel revealed that [32P]dCTP was incorporated in
SV40 DNA I, II and replicating intermediates. The time course of the incorporation indicated
the complete replication of SV40 DNA and chromatin with a full number of nucleosomes. The
digitonin-treated permeable cell system will serve as a useful system for studying in vitro DNA
replication of chromatin.
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Abstract. A permeable cell system has been developed by treat-
ment with digitonin for studying in vitro DNA replication of chromatin.
DNA replication of simian virus 40 nucleoprotein complexes (SV40
chromatin) in digitonin-treated permeable cells was analyzed by electro-
phoresis in agarose-gel. Autoradiography of the agarose-gel revealed
that [%P]dCTP was incorporated into SV40 DNA I, IT and replicating
intermediates. The time course of the incorporation indicated the com-
plete replication of SV40 DNA and chromatin with a full number of
nucleosomes. The digitonin-ireated permeable cell system will serve as
a useful system for studying in vitro DNA replication of chromatin.

Key words : digitonin, permeable cells, DNA replication in vitro,
SV40 chromatin replication, gel-electrophoresis,
autoradiography.

Nucleotide-permeable cell systems have been developed for studying in vitro
DNA replication in eukaryotic cells (1-12). Methods used for permeabilization
of cells involve cold treatment with 2-mercaptoethanol (1-3), the use of deter-
gents (4-7), hypotonic (8, 9) and hypertonic conditions (10), diethylaminoethyl-
dextran (11), and lysolecithin (12). We have found a permeable cell system in-
duced by treatment with digitonin to be extremely useful for studying both in
vitro DNA replication of chromatin and oxidative phosphorylation of mitochon-
dria. Digitonin, a steroid glycoside, binds with cholesterol and other p-
hydroxysterols, which localize predominantly in the plasma membrane (13).
Therefore, in permeable cells treated with low levels of digitonin, intracellular
membranes are expected to be preserved relatively intact. Another advantage
of this system is that it allows exogenously supplied macromolecules to reach
intracellular sites (14).

Simian virus 40 nucleoprotein complexes (SV40 chromatin) have a nucle-
osome structure similar to that of cellular chromatin and serve as a useful model
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system for studying the structure and function of cellular chromatin (15-17).
Efficient replication of SV40 DNA in isolated nuclei or nuclear extract requires
the addition of cytosol (17). In the present communication, we report the com-
plete in vitro DNA replication of SV40 chromatin in digitonin-treated permeable
cells without the addition of cytosol.

Materials and Methods. CV-1 monkey kidney cells were infected with
plaque purified small plaque type SV40, strain 777, at a multiplicity of 50 to
100 plaque forming units per cell. Thirty-six to forty hours after infection, the
GV-1 cells were trypsinized, calf serum was added, and the cells were washed
with buffer A [50 mM Tris-HCl, pH 7.4, 80 mM KCl, 5 mM MgCl,, 0.5 mM
dithiothreitol (DTT), and 0.15 M sucrose]. They were then treated with buffer
A containing digitonin at the concentration indicated for each 10° cells in 0.1 ml
for 5 min at 25°C. In the standard assay condition, cells treated with 100 yg/ml
digitonin in 0.1 ml were mixed with 0.15 ml of the substrate mixture to make
final concentrations of 100 M dATP, 100 xM dCTP, 100 xM dGTP, 10 xM
[*H]dTTP (1 Ci/mmol), 5mM ATP, 100 ,M CTP, 100 +M GTP, 100 xM
UTP in buffer A, and incubated for 15 min at 37°C. The radioactivity of [3H]
dTMP incorporated into the acid-insoluble fraction was measured on the glass
filter in the toluene-PPO-POPOP system. The nature of SV40 chromatin DNA
synthesized in vitro was analyzed by electrophoresis in 1.5% agarose-gel (18) after
incubation under the standard assay conditions replacing [ *H]dTTP with [3?P]
dCTP (4 «Ci/ml), followed by extraction of DNA according to the method of
Hirt (19) and purification of DNA by Marmur’s method (20).

Results and Discussion. The effect of digitonin concentration on DNA-synthesiz-
ing activity. The incorporation of [*H]dTTP into the DNA of trypsinized SV40-
infected CV-1 cells was increased by treatment with digitonin, as shown in Fig.
1. The optimal concentration of digitonin for [*H]dTTP incorporation was
100 ug/ml digitonin per 10° cells. The rate of [3H]dT TP incorporation was
nearly proportional to cell numbers up to 10° at the concentration of 100 yg/ml
digitonin (Fig. 2). The optimal digitonin concentration increased to some extent
with increase in the number of cells (Fig. 2). Digitonin treatment at lower tem-
perature (4°C) with no incubation at 25°C decreased the rate of [*H]dTTP
incorporation. The time course of [*HJdTTP incorporation was almost linear
for 5 min and thereafter proceeded at a decreased rate (data not shown).

Requirements and inhibitors of DNA synthesis in digitonin-treated permeable cells.
All deoxyridonucleoside triphosphates (dATP, dGTP, dCTP, dTTP), ATP,
and Mg?* were required for efficient DNA synthesis in digitonin-treated perme-
able cells (Table 1). The elimination of ATP reduced the amount of DNA syn-
thesis to 419;,. DNA synthesis decreased to 209, in the absence of ATP, GTP,
CTP and UTP. Ethylendiamine-tetraacetic acid (EDTA, 10 mM) completely
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Fig. 1. The effect of digitonin concentration on DNA-synthesizing activity in SV40-
infected CGV-1 cells.

Fig. 2. The correlation of cell number with DNA-synthesizing activity in digitonin-
treated GV-1cells. O—Q, treated with 100 #g/ml digitonin; @ with 200 yg/ml; (), with

400 pg/ml.
TaBLE 1. REQUIREMENTS AND INHIBITORS OF DNA SYNTHESIS IN
DIGITONIN-TREATED PERMEABLE CELLS®

Conditions Activity (% of control)
Complete 100
—dATP 91
—dGTP 63
—dCTP 56
—dATP, dCTP & dGTP 55
—ATP 41
—~ATP, GTP, CTP & UTP 20
—dATP, dCTP, dGTP, —ATP, CTP, GTP & UTP 4
—Mg?+ + EDTA (10mM) 0
—DTT + NEM (10mM) 0
+araCTP (0.6mM) 21

a The complete system for DNA synthesis measured the incorporation of
[(3HIdTTP into DNA under the standard assay conditions. The amount of
DNA synthesized was 1,600 cpm (3.6 pmoles) in the complete system. All
reactions are expressed as a percentage of the control complete reaction

system.

inhibited DNA synthesis in the absence of MgCl;. N-ethylmaleimide (NEM,
10 mM) also completely inhibited DNA synthesis in the absence of dithiothreitol.
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Nature of DNA synthesized in digitonin-treated permeable cells. More than 80%
of [*H]dTMP incorporated into DNA was recovered in the Hirt supernatant.
Electrophoretic analysis in 1.4% agarose-gel of DNA purified from the Hirt
supernatant showed clear separation of formsI, II, and III of SV 40 DNA by
staining with ethidium bromide (Fig. 3A). The majority of the SV40 DNA was
form I DNA. Autoradiography of this agarose-gel revealed that [ **PdCTP
was incorporated into forms I, Il and replicating intermediates of SV40 DNA
(Fig. 3B). The amount of | *.P]JdCTP incorporation increased with the advance

Aa b c d e Ba b c d e

Fig. 3. Gel electrophoretic analysis of SV40 DNA synthesized in digitonin-treated perme-
able cells under the standard assay conditions. A, ethidium bromide staining ; B, autoradio-
graphy of [ 3?P1dCGMP incorporated into DNA, exposed for 7 days at --80°C; reaction times
for DNA synthesis of the samples in a, b, ¢, d and e were 0, 5,15, 30 and 60 min, respectively.
I, II, IIT and RI indicate forms I, II, III and replicating intermediates of SV40 DNA.

of reaction time; being very small in form I DNA after 5min incubation, in-
creased in both form I and II DNA after 15 min, and further increased in form I
DNA after 30 and 60 min. These results indicate that the major part of replica-
ting SV40 DNA completed replication in digitonin-permeable cells. Since closed
circular molecules of SV40 DNA with insufficient nucleosome formation give
multiple bands corresponding to the numbers of superhelical turns between the
bands of form I'and Il DNA in the agarose gel (15), the formation of form I
DNA indicates the complete replication of SV40 chromatin with a full number
of nucleosomes. The digitonin-treated permeable cell system will therefore
serve as a useful system for studying in vitro DNA replication of chromatin.

http://escholarship.lib.okayama-u.ac.jp/amo/vol 34/iss6/7



Odaet al.: Complete in vitro DNA replication of SV40 chromatin in digitonin-

SV40 DNA Replication in Permeable Cells 413

Acknowledgment. This work was supported by a Grant-in-Aid for Scientific Research

from the Ministry of Education, Science and Culture of Japan,

10.

11.

14.

15.

16.

17.

18.

20.

REFERENCES

- Burgoyne, L. A.: Deoxyribonucleic acid synthesis in mammalian systems. Biochem. J.

130, 959-964, 1972.

. Berger, N. A. and Johnson, E.S.: DNA synthesis in permeabilized mouse L cells. Bio-

chim. Biophys. Acta 425, 1-17, 1976.

. Berger, N. A.: Nucleic acid synthesis in permeabilized eukaryotic cells. Methods in Cell

Biol. 20, 325-340, 1978.

. Berger, N. A., Erickson, W. P. and Weber, H. : Histone inhibition of DNA synthesis in

eukaryotic cells permeable to macromolecules. Biochim. Biophys, Acta 447, 65-75, 1976.

. Seki, S. and Oda, T.: DNA synthesis in detergent-treated mouse ascites sarcoma cells.

Biochim. Biophys. Acta 476, 24-31, 1977.

. Reinhard, P., Barkhalter, M. and Gautschi, J.R.: Semiconservative DNA replication in

vitro. 1. Properties of two systems derived from mouse P-815 cells by permeabilization
or lysis with Brij-58. Biochim. Biophys. Acta 474, 500-511, 1977.
Mattern, M. R. and Painter, R. B.: Dependence of mammalian DNA replication on DNA
supercoiling. I. Effects of ethidium bromide on DNA synthesis in permeable Chinese
hamster overy cells. Biochim. Biophys. Acta 563, 293-305, 1979,

. Seki, S., LeMahieu, M. and Mueller, G.C.: A permeable cell system for studing DNA

replication in synchronized HeLa cells. Biochim. Biophys. Acta 378, 333-343, 1975.

. Seki, S. and Oda, T.: DNA synthesis in permeable mouse ascities sarcoma cells. Cancer

Res. 37, 137-144, 1977,

Castellot, J. J. Jr., Miller, M. R. and Pardee, A.B.: Animal cells reversibly permeable to
small molecules. Proc. Natl. Acad. Sci. USA 75, 351-355, 1978.

Fox, R. M., Mynderse, J. F. and Goulian, M. : Incorporation of deoxynucleotides into
DNA by diethylaminoethyldextran-treated lymphocytes. Binchemisiry 16, 4470-4477, 1977.

. Miller, M. R., Castellot, J. J. Jr. and Pardee, A.B.: A permeable animal cell preparation

for studying macromolecular synthesis. DNA svyrihesis and the role of deoxyribonuleo-
tides in S phase initiation. Biochemistry ¥7, 1073-1080, 1978.

Scallen, T. J. and Dietert. S. E.+ The quantitative retention of cholesterol in mouse liver
prepared for electron miccoscopy by fixation in a digitonin-containing aldehyde solution.
J. Cell Biol. 40, 802-813, 1969.

Fiskum, G., Craig, S. W., Decker, G. L. and Lehninger, A. L.: The cytoskeleton of digi-
tonin-treated rat hepatocytes. Proc. Natl. Acad. Sci. USA 77, 3430-3434, 1980.

Germond, J.E., Hirt, B,, Oudet, P., Gross-Bellard, M. and Chambon, P.: Folding of the
DNA double helix in chromatin-like structures from simian virus 40. Proc. Natl. Acad.
Sci. USA 72, 1843-1847, 1975.

Bellard, M., Oudet, P., Germond, J.E. and Chambon, P.: Subunit structure of simian-
virus-40 minichromosome. Eur. J. Biochem. 70, 543-553, 1976.

DePamphilis, M. L., Anderson, S., Bar-Shavit, R., Collins, E., Edenberg, H., Herman, T.,
Kars, B., Kaufmann, G., Krokan, H., Shelton, E., Su, R., Tapper, D. and Wasserman, P.
M. : Replication and structure of simian virus 40 chromosomes. Cold Spring Harbor Symp.
Quantit. Biol. 43, 679-692, 1979.

Helling, R. B., Goodman, H. M. and Boyer, H. W.: Analysis of endonuclease R. Eco RI
fragments of DNA from Lambdoid bacteriophages and other virus by agarose-gel
electro-phoresis. J. Virol. 14, 1235-1244, 1974.

. Hirt, B.: Selective extraction of polyoma DNA from infected mouse cell cultures. J.

Mol. Biol. 26, 365-369, 1967.
Marmur, J.: A procedure for the isolation of deoxyribonucleic acid from microorganism.

J. Mol. Biol. 3, 208-218, 1961.

Produced by The Berkeley Electronic Press, 1980



