
Vol. 3, No. 12MOLECULAR AND CELLULAR BIOLOGY, Dec. 1983, p. 2203-2210
0270-7306183/122203-08$02.00/0
Copyright C 1983, American Society for Microbiology

Chromatin Structure of Simian Virus 40-pBR322 Recombinant
Plasmids in COS-1 Cells

JEFFREY W. INNIS AND WALTER A. SCOTT*
Department ofBiochemistry, University of Miami School of Medicine, Miami, Florida 33101

Received 18 August 1983/Accepted 21 September 1983

To study the nucleoprotein structure formed by recombinant plasmid DNA in
mammalian cells, nuclei were isolated from COS-1 cells after transfection with a
recombinant (pJI1) containing pBR322 sequences and a segment of simian virus 40
containing information for a nuclease-sensitive chromatin structure. The nuclei
were incubated with DNase I. DNA fragments which were the size of linear pJI1
DNA were isolated, redigested with restriction enzymes, fractionated by electro-
phoresis, and detected by hybridization with nick-translated segments prepared
from the plasmid DNA. Two DNase I-sensitive sites were detected in the simian
virus 40 portion of the plasmid at the same sites that were DNase I sensitive in
simian virus 40 chromatin prepared late after infection of African green monkey
kidney (BSC-1) cells. One site extended from the viral origin of replication to
approximately nucleotide 40. The 21-base pair repeated sequences were relatively
DNase I resistant. A second site occurred over the single copy of the 72-base pair
segment present in this plasmid. These results indicate that the nuclease-sensitive
chromatin structure does not depend on the presence of viral structural proteins.
In addition, late viral proteins added to pJIl-transfected COS-1 cells by superin-
fection with simian virus 40 caused no change in the distribution of DNase I-
sensitive sites in plasmid chromatin. Analysis of transfected plasmid DNA may
provide a general method applicable to the study of the chromatin structure of
cloned segments of DNA.

The structure of simian virus 40 (SV40) chro-
matin has been probed by digestion with endo-
nucleases by a number of investigators. A short
segment of the viral genome (overlapping the
viral promoters and the origin of replication) is
hypersensitive to cleavage by endonucleases (2,
4, 5, 9, 22-24, 31, 32, 34, 37). This feature has
usually been studied during the late stages of the
infection cycle; however, it has also been ob-
served before viral DNA replication (2). It has
not been detected in disrupted virus particles (8)
or provirions (9).
The nuclease-sensitive chromatin structure is

a result of interaction of viral DNA with cellular
and, possibly, viral proteins. We have investi-
gated the role of viral structural proteins in the
pattern of DNase I cleavage sites by studying
the chromatin structure formed by SV40-
pBR322 recombinant plasmid DNA transfected
into COS-1 cells (7). We show: (i) that recombi-
nant plasmids which have replicated in COS-1
cells can be extracted from the nuclei as nucleo-
protein complexes; (ii) that DNase I-sensitive
regions exist in the SV40 portion of the plasmid
chromatin at sites similar to those observed in
viral chromatin late after infection; (iii) that
COS-1 cell RNA hybridizes little, if at all, with

the late region of the viral genome, suggesting
that late proteins cannot be made in these cells
and, therefore, are not required for the occur-
rence of the nuclease-sensitive feature; and (iv)
that addition of late proteins, by SV40 superin-
fection of plasmid-transfected COS-1 cells, does
not alter the pattern of DNase I sensitivity in the
SV40 sequences of the plasmid, suggesting that
late proteins do not modify the chromatin struc-
ture of this region.

MATERIALS AND METHODS
Cells and viruses. African green monkey kidney cells

(BSC-1) were propagated in minimum essential medi-
um (MEM, Earle salts; MA Bioproducts) supplement-
ed with 10%o fetal calf serum (KC Biologicals or Flow
Laboratories) in an atmosphere of 5% CO2 at 37°C.
COS-1 cells (7) were a gift from Y. Gluzman and were
propagated in the same medium. Wild-type SV40
(strain 776) was used for infection at a multiplicity of 3
to 5 PFU/cell. A mutant of SV40, in(Or)-1411 (25) (a
gift from T. Shenk), was used at a multiplicity of 0.5 to
1.0 PFU/cell. Virus stocks were grown in BSC-1 cells
from isolated plaques.

Enzymes. BamHI was obtained from Bethesda Re-
search Laboratories, and all other restriction en-
zymes. T4 DNA ligase, and Escherichia coli DNA
polymerase I were from New England Biolabs. Diges-

2203



2204 INNIS AND SCOTT

tions of DNA were performed under the conditions
suggested by the suppliers. RNase A type R was
purchased from Worthington Biochemical Corp., and
a 2-mg/mI solution was prepared in 0.02 M sodium
acetate (pH 5.5)-0.15 M sodium chloride, immersed in
a boiling water bath for 15 min, and stored frozen at
-20°C. DNase I type D was purchased from Wor-
thington Biochemical Corp., and a 1-mg/ml (2,679
U/ml) solution was prepared in 50%o glycerol-0.005 M
sodium acetate (pH 5.0) and stored at -20°C. Lyso-
zyme (grade l) was purchased from Sigma Chemical
Co. and dissolved in 0.025 M Tris-hydrochloride (pH
7.0) immediately before use.

Construction of pJIl. in(Or)-1411 DNA (Fig. 1) was
extracted from infected BSC-1 cells by the method of
Hirt (10) and purified by cesium chloride-ethidium
bromide density equilibrium centrifugation. pBR322
was grown in E. coli HB101 under tetracycline selec-
tion. Supercoiled circular (form I) plasmid DNA was
isolated from chloramphenicol-amplified cultures and
purified by using cesium chloride-ethidium bromide
centrifugation. A deletion mutant of pBR322 (pBR-
d11329-2517) was constructed to remove sequences
poisonous to replication of SV40-pBR322 recombi-
nants in COS-1 cells (13) by digestion with PvuII,
followed by Bal31 exonuclease, ligation, and transfor-
mation of strain HB101. The deleted sequences (deter-
mined by the method of Maxam and Gilbert (16]) are
indicated in Fig. 1 (nucleotide numbering according to
Sutcliffe [28]). A PstI digest of in(Or)-1411 DNA was
incubated overnight at 16°C in a ligation mixture with
PstI-cleaved pBR-d11329-2517 DNA and T4 DNA li-
gase. Strain HB101 was transformed with this mixture.
Plasmids from tetracycline-resistant, ampicillin-sensi-
tive clones were isolated and analyzed by restriction
enzyme digestion. A plasmid which had the structure
shown in Fig. 1 was designated pJIl.

Transfection with DNA. Plasmid DNA was intro-
duced into COS-1 cells according to the DEAE-dex-
tran technique of Sompayrac and Danna (26). Briefly,
medium from 150-cm2 dishes of subconfluent COS-1
cells was removed, and cells were washed twice with
MEM containing no serum. Next, 6 to 8 ml of MEM
containing 200 ,ug of DEAE-dextran (Sigma Chemical
Co.; molecular weight 500,000) and 0.25 to 1 ,ug of
plasmid DNA per ml was added. Incubation was
carried out at 37°C for the times indicated in the figure
legends. Where indicated, this was followed by incu-
bation at 37°C in medium with 100 p.M chloroquine
(Sigma Chemical Co.) (14) for the times stated in the
figure legends. This medium was removed, the culture
was washed with MEM, and the same medium con-
taining 4% fetal calf serum and 40 ,ug of gentamicin per
ml (Schering Corp.) was added.

Isolation of transfected cell nuclei, DNase I digestion,
and recovery of plasmid DNA. Nuclei were isolated and
digested with DNase I as described by Wu et al. (38)
with slight modifications. Transfected cells were
scraped from dishes in 5 ml of reticulocyte standard
buffer (10 mM Tris-hydrochloride [pH 7.6], 10 mM
NaCl, 1.5 mM MgCl2) and collected by centrifugation.
The cells were suspended in 2 ml of ice-cold Buffer A
(60 mM KCI, 15 mM NaCl, 15 mM Tris-hydrochloride
[pH 7.4], 1 mM EDTA, 0.1 mM EGTA [ethylene
glycol-bis(,B-aminoethyl ether)-N,N-tetraacetic acid],
0.15 mM spermine, 0.5 mM spermidine, 0.5 mM
dithiothreitol, 0.1 mM phenylmethylsulfonyl fluoride)

per 150-cm2 dish. The same volume of Buffer A
containing 0.5% Nonidet P-40 (Bethesda Research
Laboratories) was added. The tube was inverted sev-
eral times and vortexed briefly to disrupt cells. A 2-ml
amount of this nuclear suspension was layered onto 3
ml of Buffer A lacking EDTA and EGTA but contain-
ing 1.8 M sucrose and centrifuged at 13,000 rpm in an
SW50.1 rotor at 4°C for 15 min. The liquid in the tube
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FIG. 1. (A) Physical map of in(Or)-1411, a nonde-
fective double-origin mutat of SV40 constructed by
T. Shenk (25). I and II are nuclease-sensitive regions
in viral chromatin isolated from mutant-infected cells
(5). Early and late refer to the transcriptional units of
the virus. Wedge-shaped extensions from the circle
indicate deleted sequences in in(Or)-1411 by compari-
son with wild-type SV40. The stippled box represents
the Hinfl-KpnI DNA segment of the virus used to
prepare probe C. (B) Physical map of pJIl. A deletion
mutant of pBR322 (pBR-dll329-2517) was prepared as
described in the text, and a clone containing the small
PstI fragment from in(Or)-1411, which spans nuclease-
sensitive region II, was designated pJIl. pOr and vOr
refer to the pBR322 and SV40 origins of replication,
respectively. A, B, and D indicate fragments used to
prepare hybridization probes.
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was aspirated, and the inside of the tube was wiped
dry. The nuclei were suspended in cold DNase I
digestion buffer (60 mM KCI, 15 mM NaCl, 15 mM
Tris-hydrochloride [pH 7.4], 0.5 mM dithiothreitol,
0.25 mM sucrose, 0.05 mM CaC12, 3.0 mM MgCl2) at a
concentration of 3 x 107 to 4 x 107 nuclei per ml,
prewarmed for 1 min at 37°C and digested with DNase
I at the concentrations indicated in the figure legends.
Digestion was carried out for 3 min at 37°C and then
stopped by the addition of sodium dodecyl sulfate and
EDTA to final concentrations of 0.5% and 0.01 M,
respectively. Low-molecular-weight DNA was isolat-
ed by the method of Hirt (10), treated with RNase A
(20 p.g per ml) for 15 min at 37°C, extracted with
phenol saturated with TE (10 mM Tris-hydrochloride
[pH 7.4], 1 mM EDTA), extracted with chloroform-
octanol (8:1), and precipitated with ethanol. Full-
length linear plasmid DNA (form III) was isolated by
preparative gel electrophoresis (1.2% agarose) and
recovered by hydroxyapatite chromatography after
dissolution of the gel slice with 6 M KI in 0.01 M
sodium phosphate, pH 7.0 (24). The DNA was dia-
lyzed with several buffer changes against TE and
finally against 0.1 x SSC (1x SSC is 150 mM NaCl plus
15 mM sodium citrate, pH 7.0), digested with restric-
tion enzymes to localize DNase I cleavage sites, and
fractionated by electrophoresis in 1.4% agarose gels.

Blotting, hybridization, and autoradlography. DNA
was transferred to nitrocellulose (27) and hybridized in
the presence of 50o formamide for 2 to 3 days at 37°C
(33) with 32P-labeled probe(s) (prepared by nick trans-
lation [21]) indicated in the figure legends. The blots
were then washed three times for 5 min each in 2 x
SSC-0.1% sodium dodecyl sulfate at room tempera-
ture and twice for 15 min each in 0.1x SSC-0.1%
sodium dodecyl sulfate at 37°C. After drying, each blot
was placed directly on Kodak XRP-1 X-ray film with a
DuPont Quanta III intensifier and exposed at -70°C
for 1 to 3 days.

Purification of RNA and dot blotting. Total cell RNA
was isolated from COS-1 cells and SV40-infected
BSC-1 cells by lysis in 6 M guanidine isothiocyanate-
0.005 M sodium citrate (pH 7.0)-0.1 M ,B-mercaptoeth-
anol-0.5% Sarkosyl (30), followed by CsCl density
centrifugation (6). Portions (3 to 5 ,ul) of samples
containing RNA were dot blotted (after denaturation
by immersion in boiling water for 1 min) to nitrocellu-
lose by the procedure of Thomas (29) and hybridized
with 32P-labeled probe at 37°C in the presence of 40%
formamide, using dextran sulfate to accelerate hybrid-
ization (33). After hybridization, the blot was washed,
dried, and exposed to X-ray film as described above.

RESULTS
The ability of COS-1 cells to support the

replication of plasmid genomes has been utilized
to study the expression of cloned genes (18, 20)
and the sequence requirements for replication
from the SV40 origin (1, 13, 19). Replication of
these plasmids and transcription of cloned genes
within them are biological tests of the ability of
transfected DNA to associate successfully with
essential cellular or viral proteins or both. It is
reasonable that these plasmids may exist inside
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FIG. 2. Replication of pJIl in COS-1 cells. Subcon-
fluent dishes (20 cm2) of COS-1 cells were each
transfected for 8 h with 10 ng of supercoiled pJI1 DNA
in a transfection volume of 2 ml. At the times indicated
(hours after the start of transfection) the cells were
lysed and the cellular DNA was precipitated by the
method of Hirt (10). The supernatant solution was
extracted once with phenol and once with chloroform-
octanol (8:1) and precipitated with 3 volumes of etha-
nol. The DNA was suspended, fractionated by electro-
phoresis through a 1.2% agarose gel, blotted to
nitrocellulose paper, and hybridized with a probe
made from total SV40 DNA. I, II, and III refer to the
supercoiled, relaxed circular, and linear forms of pJll
DNA, respectively.

the cell in chromatin structures similar to those
seen containing SV40 DNA in infected cells.

Figure 2 shows replication of pJIl after trans-
fection of COS-1 cells with supercoiled plasmid
DNA (13). After 12 h only relaxed circular DNA
remained in the cells, in agreement with results
reported elsewhere (13, 19). Some replication
was detected by 24 h, and a burst was seen
between 24 and 48 h. From known amounts of
plasmid DNA electrophoresed in the same gel,
we estimated that there were 5,000 to 10,000
copies of pJIl per cell at 48 h (assuming that 5 to
10% of the cells were successfully transfected).
pBR322 and pBR-dll329-2517 did not replicate
in COS-1 cells. pJIl does not code for viral
proteins and lacks sequences poisonous to repli-
cation in COS-1 cells (13).

Extraction of nucleoprotein containing pJ1l
sequences. pJIl-transfected COS-1 cells were
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by DNase I digestion of cesium chloride-ethi-
dium bromide gradient-purified pJIl DNA, fol-
lowed by digestion with BamHI. Little, if any,
preference of DNase I for the sequences in this
region in protein-free DNA was detected. pJIl
chromatin was not cleaved when nuclei were
incubated for 30 min at 37°C in DNase I diges-
tion buffer in the absence of added DNase I (data
not shown).

Details of cleavage within the SV40 sequences
of the plasmid were obtained by using a probe
which hybridized with the smaller DNA frag-
ments produced after EcoRI cleavage of the
linear DNA (Fig. 5A). DNase I cleavage sites
were mapped to regions spanning the origin of

*ction of pJ1l nucleoprotein from replication and Goldberg-Hogness sequence and
,-1 cells. Four 150-cm2 dishes of sub- over the single copy of the 72-bp segment. The
.cells were transfected with 2 ,ug of resea cop segment.Tesh for 3 h. After transfection the cells 21-bp repeated sequences were relatively nude-
with medium containing 100 pLM of ase resistant (Fig. 6). For comparison, Fig. 5B
2 h. Plasmid nucleoprotein was ex- shows the pattern of DNase I cleavage sites
r by the method of Fernandez-Munoz obtained in nuclei from BSC-1 cells 42 h after
d in 1.5 ml onto an 11-ml 5 to 20%, infection with in(Or)-1411 virus. It is clear from
radient in 25 mM Tris-hydrochloride these data that DNase I-sensitive regions exist in

(pH 71.4-136 mM NaCI-7 mM KCI--0.7 mM Na2HP04,
and centrifuged at 35,000 rpm for 2.5 h (4°C) in an
SW41 rotor. Gradient fractions were collected and
samples were fractionated by electrophoresis through
1.2% agarose, blotted, and hybridized with probe A
(Fig. 1). B and T refer to the bottom and the top of the
gradient. Fractions are numbered above the autoradio-
gram. I, II, and III refer to supercoiled, relaxed
circular, and full-length linear pJIll DNA, respectively.

extracted by the method of Fernandez-Munoz et
al. (3), using isotonic conditions. Nucleoprotein
molecules containing supercoiled pJI1 DNA
were recovered which sedimented in a sucrose
gradient to a position similar to that of SV40
chromatin extracted by the same procedure
(Fig. 3). pJI1 DNA from peak fractions was
digested completely with Bcll, indicating that
the DNA had replicated (17).

Distribution of DNase I-sensitive sites in pJIl.
In SV40 chromatin a region overlapping the
origin of replication and 300 to 400 base pairs
(bp) in the late direction from the origin is
hypersensitive to DNase I. Since pJIl occurs as
a nucleoprotein structure which replicates in
COS-1 cells, it was of interest to determine
whether it was also preferentially sensitive to
DNase I in the same region of the SV40 se-
quences. Nuclei from pJIl-transfected COS-1
cells were incubated with DNase I, and low-
molecular-weight DNA was recovered. Full-
length linear pJIl DNA was isolated and digest-
ed with EcoRI or BamHI (Fig. 4). From these
patterns it was deduced that DNase I cleaves
preferentially in the SV40 sequences of the
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FIG. 4. Distribution of DNase I-sensitive sites in
pJIll. Subconfluent COS-1 cells were transfected for 1
h with 5 pLg of pJIll DNA per 150-cm2 dish and then
incubated with medium containing 100 ,uM of chloro-
quine for 4 h. After 35 h, nuclei were isolated and
digested for 3 min at 37°C with DNase I (25 U/ml).
Full-length linear pJIll DNA (form III) was isolated by
preparative agarose gel electrophoresis and samples
were digested with EcoRI (R1) orBamHl (B), fraction-
ated by agarose gel electrophoresis, blotted, and hy-
bridized with probe D. Lane U shows the isolated
form III pJIll DNA before restriction enzyme diges-
tion. Lane D is 1 ,ug of 80 to 90%o supercoiled pJll
DNA digested in 0.02 ml with DNase I at 0.05 U/ml for
3 min at 37°C. About 10% of the input DNA was
converted to form III. This mixture was then digested
with BamHI, fractionated by electrophoresis through
an agarose gel, blotted, and hybridized with a probe
made from total pJll DNA. Lane M is DNA markers
prepared from pJIll DNA.
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FIG. 5. Comparison of DNase I-sensitive regions in SV40 sequences of pJI1 with those in cells infected with
in(Or)-1411. (A) Subconfluent dishes of COS-1 cells were each transfected with 5 ,ug of pJIl DNA for 2 h. After
washing with MEM, medium containing chloroquine was added to one-half of the dishes (-SV40) for an
additional 4 h. The remaining dishes (+SV40) were infected with wild-type SV40. Nuclei were isolated 36 h after
the start of transfection and digested with DNase I at 5 or 25 U/ml (indicated at the top of the channels) for 3 min
at 37°C. Form III pJIl DNA was recovered, digested with EcoRI (Rl), fractionated by electrophoresis through a
1.4% agarose gel, blotted, and hybridized with probe A. Only the lower part of the gel is shown. Lane U, isolated
form III pJIl DNA before digestion with EcoRI. Lane Ml, DNA markers EcoRI to NcoI fragment from pJIl (1.5
kilobases) and BamHI to BamHI fragment from pJIl (1.6 kilobases). (B) Nuclei from in(Or)-1411-infected BSC-1
cells were isolated 42 h after infection and digested with DNase I at 25 U/ml for 3 min at 37°C. Form III viral
DNA was purified and digested with EcoRI. After electrophoresis, the DNA was transferred to nitrocellulose
and hybridized simultaneously with probe B and a probe similar to C but extending from Kpnl to EcoRI. Lane
M2. DNA markers EcoRI to BglI, EcoRI to Bcll, EcoRI to BglI, and EcoRI to BamHl fragments from in(Or)-
1411; 1.8, 1.3, 0.95, and 0.75 kilobases, respectively. I and II refer to clusters of DNase I cutting sites in in(Or)-
1411 chromatin (see Fig. 1).

pJIl in nuclei from COS-1 cells with a pattern
indistinguishable from that of in(Or)-1411 chro-
matin late after infection.
The role of viral late proteins in the nuclease-

sensitive region. The organization of SV40 se-
quences in COS-1 cells suggests that late genes
should not be expressed to produce viral struc-
tural proteins (7). We probed for transcripts
containing viral late sequences by isolating total
RNA from COS-1 cells, dot blotting onto nitro-
cellulose, and hybridizing with a late region-
specific probe which had been labeled by nick
translation (Fig. 7). By comparing dot intensities
we concluded that transcripts in COS-1 cells
contain less than 0.2% of the level of late viral
sequences found in SV40-infected BSC-1 cells
late after infection.

Further experiments were performed to evalu-
ate the effect of adding SV40 late proteins to

-194 -50 0
L

plasmid-transfected COS-1 cells (Fig. SA). The
pattern of cleavage of pJI1 by DNase I was the
same whether or not the transfected cells were
superinfected with SV40.

DISCUSSION
It is evident that plasmids in transfected COS-

1 cells have features in common with SV40
chromatin in infected cells. First, plasmids with
a SV40 origin are capable of autonomous repli-
cation (1, 13, 19). Second, transcription of genes
contained in these plasmids is initiated at the
correct start sites and transcriptional regulation
of these genes is maintained (18, 20). Third,
nucleoprotein containing supercoiled plasmid
DNA can be extracted from COS-1 cells, and
those nucleoprotein molecules have sedimenta-
tion properties similar to SV40 chromatin.
Fourth, DNase I cleaves plasmid DNA in COS-1

50 lOO 150 200 316

Bam HI BgIl Ncol 2 l BclI* TATA *21 2121 72

FIG. 6. Regions of DNase I cleavage in SV40 sequences of pJll and in region II of in(Or)-1411 late after
infection. Brackets indicate the regions which are preferentially cleaved by DNase I in both pJIll and in(Or)-1411
chromatin. The thickness of the lines indicates approximate relative frequency of cleavage. Numbering is in base
pairs from the center of the 27-bp palindrome, with positive values in the late direction with respect to the
inserted origin region. The 21-bp repeated sequences and the 72-bp segment which is repeated in wild-type SV40
but not in either segment of in(Or)-1411 or pJIl are shown by numbers and boxes. TATA refers to the Goldberg-
Hogness sequences. V, Joints of the inserted origin region (25).
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FIG. 7. Dot-blot analysis of total cell RNA from COS-1 cells. Total cell RNA was isolated from COS-1 cells
and SV40-infected BSC-1 cells at 8 (early RNA) and 33 h (late RNA) after infection. These RNA preparations
were dot blotted onto nitrocellulose and hybridized with probe C (specific activity greater than 109 cpm/,g of
DNA). The quantity of total cell RNA dotted in each row is as follows. COS-1 RNA (,ug): 7.8, 4.7, 1.6, 0.5;
infected BSC-1 early RNA (,ug): 1.5, 0.5, 0.16, 0.016; infected BSC-1 late RNA (jig): 0.38, 0.13, 0.04, 0.013.

nuclei preferentially in the SV40 sequences at
sites similar to those cleaved in SV40 chromatin
late after infection (2, 22, 23).
Our experiments demonstrate that the nucle-

ase-sensitive chromatin structure of SV40 forms
in the absence of viral late proteins and that the
DNA does not need to be delivered as nucleo-
protein packaged in a virus particle to acquire a
nuclease-sensitive feature. These results are in
agreement with those of Saragosti et al. (22),
who showed that the DNase I cleavage pattern
of tsB201 chromatin did not change when infect-
ed cells were shifted to the nonpermissive tem-
perature late after infection, indicating that
maintenance of the pattern of DNase I-sensitive
sites does not depend on functional major capsid
protein (VP1). We have extended their observa-
tions by showing that none of the viral structural
proteins are required for the establishment of the
nuclease-sensitive region. Llopis and Stark (12)
reported evidence that VP2 or VP3 or both
confer altered transcriptional properties on
SV40 nucleoproteins late after infection. We did
not detect a change in the pattern of DNase I-
sensitive sites in pJIl when late proteins were
provided by SV40 superinfection. Since tran-
scriptional complexes comprise a small percent-
age of the SV40 nucleoprotein molecules late
after infection (0.5 to 1% [11]), it is likely that we
would not have detected altered structural fea-
tures if they were limited to this subfraction. It is
also possible that late proteins can influence
transcriptional activity by binding to SV40 se-
quences not included in pJIl or that binding of
late protein(s) in this region of the genome may
not change the pattern of DNase I cleavage
sites.
Our results with plasmids do not allow us to

evaluate the role which the process of DNA
replication might have in the occurrence of the
nuclease-sensitive sites. The DNase I cleavage
pattern seen in Fig. SA was also observed at
earlier times after transfection (seen clearly at 24
h and, faintly, at 10 h after transfection); howev-
er, its appearance at early times was partially
obscured by a background of degradation prod-

ucts which were apparently random. The emer-
gence of DNase I specificity at later times after
transfection can be explained by the preferential
replication of undegraded DNA molecules and
does not imply that replication must occur be-
fore the nuclease-sensitive sites can form.

In agreement with Cremisi (2), we found that
the nuclease-sensitive region is established in
the absence of replication when the viral DNA is
introduced in virions (data not shown). Both
origin regions of in(Or)-1411 were DNase I sen-
sitive in nuclei isolated from BSC-1 cells which
had been incubated from the time of infection
and during the isolation of nuclei (isolated 7 h
after the start of the infection) with 25 ,ug of
cytosine arabinoside per ml (15). On the other
hand, the presence of the nuclease-sensitive
region may enhance the function of the replica-
tion origin. Mutations which displace the nucle-
ase-sensitive region away from the origin reduce
the rate of replication (manuscript in prepara-
tion).
No role for large T antigen in the nuclease-

sensitive chromatin structure has been defined.
When cells were infected with SV40 mutant
tsA58 and shifted to the nonpermissive tempera-
ture late after infection, the pattern of DNase I
cleavage sites did not change (23; J. P. Hart-
mann and W. A. Scott, unpublished data). In
addition, deletion mutants which lack T antigen
binding site 2 retain the nuclease-sensitive fea-
ture (5).
The sequences required to form nuclease-

sensitive sites are contained in a limited segment
of viral DNA. We have previously shown (5, 37)
that sequences between map positions 0.65 and
0.72 on the SV40 genome contain cis-acting
information sufficient to organize the nuclease-
sensitive chromatin structure, and Fromm and
Berg (4) have shown that a segment of the SV40
genome containing the 72-bp repeated se-
quences organized a DNase I-sensitive site
when placed at different positions in the viral
genome. In this paper, we have shown that the
sequences can also generate the nuclease-sensi-
tive structure when introduced into cells as part
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of a plasmid DNA molecule. These results are in
agreement with the view that chromatin struc-
ture is determined, in large part, by the primary
sequence of a segment of DNA and the conse-
quent secondary structure (35, 36).
The method of experimentation used here

should be appropriate for studying the chroma-
tin structure of other cloned segments of DNA.
The effects of mutations (e.g., deletions, inser-
tions, and point mutations) on nuclease sensitiv-
ity of a variety of cellular or viral DNA segments
can be conveniently determined by analysis in
plasmids.
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ADDENDUM IN PROOF

We have recently learned (personal communication)
that S. Cereghini and M. Yaniv have also introduced
an SV40 hybrid lacking viral late genes into COS-1
cells and observed a pattern of DNase I-hypersensitive
sites similar to that observed in lytic infection.
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