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ABSTRACT.

Transcription of the bhumsn adenovirus 5 genome in trans-
formed rat embryo cells (DFK3) was investigated using two
different approaches, Preferential digestion of transcribed
viral sequences by DNase 1 was analysed using kinetics of re-
naturation of 2P-labe].ed, Ad5 Hpal restriction fragments in
the presence of material which was stable after nuclease
treatment. The second approach was the hybridization of 32P-
labeled nuclear RNA from transformed cells with Ad5 restric-
tion fragments which were attached to a nitrocellulose filten
These two methods gave similar results, It was found that not
all integrated regions of the Ad5 genome are active in trans-—
formed cells.

2,5 copies of the Hpal-E fragment of Ad5 DNA were found
in transformed DFK3 cell line. Nuclear RNA from these cells
hybridized to Hpal-E fragment of Ad5 DNA, but only about half
of sequences of the integrated Hpal-E fragment was sensitive
to DNase I digestion.

INTRODUCTION

Studies of the transcription of adenovirus genes in
transformed cells are of importance in order to elucidate the
regulation of gene expression in eukaryotic cells as well as
the mechanism of cell transformation.

So far, the only method which permits one to investigate
transcription of viral genes is the analysis of RNA-trans-
cripts /1-5/. Using the technique of reassociation kinetics
with specific fragments of viral DNA as probes, it has been
shown that the extent of viral sequences and the number of '
copies present per diploid quantity of DNA extracted from
cells transformed by either adenovirus type 2 or type 5,
varies in different cell lines/6,7/. Hybridization of RNA
from the transformed cells to restriction endonuclease gene-—
rated fragments of viral DNA has shown that only a portion of
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the viral sequences are transcribed /5/. From this type of
analysis it is not clear whether all of the copies of a cer-
tain sequence are active in transcription, however, with a
few exceptions, the number of RNA transcripts of a given
sequence closely parallels the number of copies of viral INA,
from cell line to cell line /8/.

A method which permits examination of transcription in a
way such that one may be able to determine how msny copies of
a particular gene are transcriptionally active is based on
the observation that after digestion of nuclei ér chromatin
by DNase I, sequences that are active in transcription are
selectively digested /9/.

The purpose of the present work was to determine the
pattern of transcription of Ad5 DNA in transformed cells. Two
different methods were employed: hybridization of in vivo
labeled 32P RNA with restriction fragments of viral DNA and
reassociation of fragments of viral DNA in the presence of
transformed cell DNA which had been selectively digested with
DNase I,

MATERTALS AND METHODS

Cells, Rat embryo cells transformed by Ad5, line DFK3,
were grown in glass roller bottles (New Brunswik) in Eagle’s
minimal essential medium (MEM), supplemented with 10% calf
serum, KB cells for cultivation of Ad5 virus were grown in
suspension culture in spinner modified MEM supplemented with
5% calf serum,

32:E’ labeled cells were prepared in the following manne" .
Cells were washed with the phosphate free MEM, containing
25 mM HEPES and 1% dialysed calf serum and then incubated for
4 br in the same medium with 500 uCi of H.332P04 (carrier free
Amersham) per ml.

Virus, Ad5 was propagated in suspemsion culture of KB
cells at an input multiplicity of 10 PFU/cell. Virus was
purified by a modification of the method of Green and Pifa
79,10/,

Viral DNA, Ad5 DNA was extracted from purified virions
as described /11/.
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Cell DNA, Nuclei from transformed cells were isolated,
digested with DNase I (Worthington) as described /9/ and DNA
from native and DNase I treated nuclei was isolated /9/.

RNA, 32P-labeled RNA was extracted from isolated nuclei
of DFK3 cells and purified by the method of Scherrer /12/.

Restriction endonucleases, Endonuclease EcoRI was iso-
lated from E,coli strain RY-13 /13/. Hpal was preparated from
H,par luenzae according to Sharp et al. /4/.

Preparation of specific fragments of adenovirus 5 DNA,
Hpal restriction fragments of Ad5 DNA were separated by
electrophoresis on 0,7x30 cm cylindrical gels of 0,7% agarose
/5/ and prepared as described by Gallimore et al. /15/. Hpal+
EcoRI restriction fragments of Ad5 DNA were separated by
electrophoresis on a 0,4x12x15 cm slab gel of 1% agarose.

Radioactive labelipng of DNA, Hpal restriction fragments
of Ad5 DNA were labeled to specific activities of 1-8x10 cpm/
g using four /oC= 2P/deomncleotida triphosphates (250Ci/
mmol, Amersham) and DNA-polymerase I (fractionVII, Boehringer
Mannheim Biochemicals) according to Botchan et al. /16/.

Blotting, The fragments of Ad5 DNA were transferred from
the gel onto a sheet of nitrocellulose (B6, Schleicher and
Schiill) using essentially the method described by Southern/17/

Hybridization conditions, DNA:RNA filter hybridization
was carried out at 65°C for 16 hr in 6xSSC, 0.5% SDS, 0,001 M
EDTA. Before hybridization a strip of nitrocellulose filter
(0e3x11cm) was soasked in a solution containing 0,02% Ficoll,
0.02% bovine serum albumin, 0,02% polyvinylpyrrolidone dis-
solved in 2xSSC /18/ for a period of 4=5 hr at 65°C, The filter
was then incubated under the above conditions with 10x10° cpm
of 32‘.E’--la.beled nuclear RNA from DFK3 cells in a volume 0,2 ml,
Following hybridization the nitrocellulose strip was washed
with 2xSSC, incubated in 7 M urea, 2xSSC, 0.5% SDS at 42°C for
a period of 2 hr, again washed with 2xSSC, air-dried and
subjected to autoradiography (No-Screen Film, Type NS-5T,
Kodak) for one week.

DNA:DNA hybridization was carried out at 68°C in 1.0 M
NaCI buffered with 0,14 M Na-phosphate pH 6.8. Before annea-
ling both viral and cellular DNA were degraded to oligo-
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nucleotides with the average size ~150 bases by

boiling in 0.3 M NaOH for 30 min. DNA from nuclei digested
with DNase I had the same average length, as judged by sedi-
mentation in the alkaline sucrose gradient (data not shown),.
Samples taken after different times of incubation at 68°C were
diluted 10-fold in 0,14 M Na-phosphate pH 6,8 and stored at
4°C until assayed by chromatography on hydroxylapatite /6,15/.

Calculations, The derivation of equation and methods of
calculation have been described in detail elsewhere /6/.

The time required for 50% of the >°P-labeled probe to
reanneal in the presence of calf thymus DNA (t1/2p) and in the
presence of trarsformed cell DNA (t1/2) was calculated from
equation (1): 1

YEss - 1

where f£ss is the fraction of total 32P-Iabeled DNA that is
single stranded at time t, the time of reannealing.

The quantity of viral DNA per diploid quantity of trans—
formed cell DNA (3.9x10'2 Daltons) /19/ was calculated as
described by Sharp et al. /6/.

RESULTS

t1/2(01' t1/2P) = 1)

Before using specific fragments of Ad5 DNA generated by
cleavage with restriction endonuclease Hpal (Fig.1) in an
analysis of the viral DNA sequences present in different DNA
preparations from DFK3 cells, it was necessary to demonstrate
that all fragments were capable of annealing to viral DNA
sequences, The conditions in which 32P-las.‘nel.ecl probe DNA was
annealed in the presence of transformed cell DNA were closely
reproduced in reconstruction experiment in which the hybridi-
zation mixtures contained a large amount of unrelated, control
cell DNA and a small. amount of viral DNA., The data obtained
were treated as described in Materials and Methods to give the
values shown in part 1 of Table I. The rates of reannealing
of all 32IP--labelecl fragments were accelerated in the presence
of unlabeled Ad5 DNA by an amount close to that expected from
the quantity of viral DNA added. Thus we conclude that the
Hpal fragments of Ad5 DNA reanneal at rates preportional to
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Fig,1, A. Hemoghylus parainfluenzae restriction endonuclease
, cleavage map of the adenovirus 5 genome /5/.
B, +EcoRI cleavage map of the adenovirus5 genome

. V= Hpal cuts; EcoRI cuts - V ,

Equiv,/diploid
mu Fragaent ( /ty5) Seqaences homol.
preparavien soquoncos ologous
t,/ap tyz to completse fragment
4, 1.77x10~2ug/al Hpal A+B 16,0210,24 24
Ad5 DHA and [ 6.18*0.43 2,
1,0mg/nl calf D 3.95%0,15 3.1
thymas DiA B 2.43%0.2% 3.3
4 243180,11 3.5
_ G 1.69%0,25 3.3
2. 1.0mg/ml DNA Epal A+B 3;8710,35 0.6
frem nuclei of ¢ 3,02%0,11 11
DFX3 cells un- D 2,5320,64 1.6
treated with B +0610,21 2,8
INase I ¥ 2.,36%0,81 3.3
G «2130,34 o
3, 1,0mg/ml DMA Hpal A+B 3.,14£0,15 0o
frem nuclei of c ~4030,23 0,2
DIFK3 celle D 1,14%0,15 0.0
treated with B 430,15 1.3
DNase I ) 4 1,102£0,01 0,0
G 0.85£0,03 0,0

their initial molar concentrations in the reaction mixture.
The effect of transformed cell DNA on the reassoclation
kinetics of the 32P-lembeled fragments can be used to determi-
ne the concentration of each fragment in different DNA pre-
parations from DFK3 cells.

Digestion of viral DNA sequences in DFK3 cells with
DNage I, The rates of reannealing of ““P-labeled Hpal frag-
ments of Ad5 DNA were measured in the presence of unlabeled
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DNA extracted from native nuclei of DFK3 cells, nuclei which
were digested with DNase I and calf thymus DNA. The results
of renaturation experiments are shown in Figure 2 and Tablel,
Such assay permite the detection ofa preferential sensitivity
or resistance of specific portions of the integrated adeno-
virus DNA to DNase I.

419 HpalAB Hpal-C Hpal-D

04 08 04 08 05 10 1,520
t/ty b
2
Fig,2, Kinetics of reassociation of 32p_1abeled Hpal frag-
ments of Ad5 DNA in the presence of calf thymus
DNA_(®) and DNA extracted from the native nucledi
of DFK3 cells (0) and nuclel of DFK3 cells digested
with DNase (e)., The concentration of calf thymus
DNA and DNAs extracted from DFK3 digested and undiges-

526. nuclei was 1,0 mE/ml. Thlei :Iongrentrat%oni gf the
P-labeled probe DNAs were agments A+B,
6.8110"8]18/1111% Hpal fragment 5. 6.39x10~4ng/nl; Hpal
fragment, D, 5.9&3’@3/1:11; Hpal fragment E,
7.05x10~pg/ml; Hpal fragment G, 6.40x10~‘pg/ml.
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DNA extracted from untreated nuclei of DFK3 cells
increased the rate of renaturation of all Hpal restriction
fragments of Ad5 DNA, The numbers of copies of different frag-
ments per diploid quantity of DFK3 DNA (part 2 of Table I)
were in accord with the data obtained earlier /20/.

DNA isolated from DNase I digested nuclei of DFK3 cells
(nuclei were digested with DNase I until 25% of DNA became
acidsoluble) increased the rate of reassociation omly of 32p.
labeled E and A+B fragmente, Other fragments reassociate with
the same rates as in the presence of calf thymus DNA (Fig2a-f).
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Fige3. bridization of 3215’-1a.be].ed nuclea.r RNA extracted

al+kcok restr c on fragments of A
y ophoresis in 1% aggose s:l &1):.
Autoradio aph of AdS restrjiction fragments er
bybridizagog with nuclear % ~labeled RNA of DFK3
cells (B)., Fragments Y and Hpal-G have run off the gel.
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The data indicates that the preferential complete elimi-
nation of Hpal fragments C,D,F and G occured during DNase I
digestion of nuclei of DFK3 cells. Sequences which are comp-
lementary to Hpal fragments E and A+B are present im DNA from
DNase I digested nuclei in distinguishable amounts (Fig.2a,d)
The number of copies of A+B and E fragments which remain
stable after DNase I digestion of nuclei was calculated (part
3 of Table I).

Viral RNA sequences in DFK3 cells, Viral nuclear RNA
sequences in this cell line were assayed on nitrocellulose
filter by hybridization of 3°P-labeled RNA extracted from the
nuclei of transformed cells to specific endonuclease restric
tion fragments of unlabeled Ad5 DNA. For hybridization expe-
riments we have used specific fragments which were obtained
after simultaneous digestion of unlabeled Ad5 DNA with Hpal
and EcoRI restriction endonucleases., After treatment of AdS
DNA with these two enzymes we were able to separate in 1% aga-
rose slab gels Hpal fragment A and two main fragments which
EcoRI produced from Hpal fragment B (X and EcoRI-C).

The results of hybridization are shown in Figure 3. RNA
extracted from the nuclei of DFK3 cells hybridized only to
Hpal fragments C, D, E and F, No radioactive spots were obe
served at the positions of Hpal-A and HpaI-B (X and EcoRI-C)
Ad5 restriction fragments. '

uiv/diploid quant
cell DNA

Hpa 1 Ad5 DNA

sequences.,
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Thus, DFK3 transformed cells seem to express into nuclear
RNA those sequences of the Ad5 genome which are complementary
to Cy D, E and F Hpal fragments of Ad5 DNA, Although some
sequences of Hpal fragments A+B are present in DFK3 cells
(046 copies per diploid quantity of DFK3 DNA) (part 2 of Table
I, and ref.20) RNA-transcripts which are complementary to Hpal
fragments A and B (X and EcoRI-C) are absent in the nuclei of
DFK3 cells, or their amount is less than ‘IO"'5 of nuclear RNA
(we were able to detect 100 cpm per spot).

The obtained data indicate that not all sequences of Ad5
DNA which are present in DFK3 cells are transcribed,

DISCUSSION

The DFK3 transformed cell line was obtained after treat-
ment of rat embryo cells by Ad5 virus. The fragments of the
integrated viral genome in this cell line are present in dif-
ferent numbers of copies /20/. The same results were obtained
with different Ad2 and A4S transformed cell lines /5,7,15,20/.
The only segment of viral DNA which was common for all of
these lines was the 14% of the extreme left-hand end of the
viral genome. Graham et al., have found that 7% of the left-
hand end of the viral genome is sufficient for transformstion
/21/. So any viral functions required for the maintenance of
the transformed cell phenotype are encoded by about 7=-8% of
the Ad5 genome and map at the extreme left end.

The Hpal-E fragment of the Ad5 genome is present in
245 copies per diploid quantity of cell DNA in the DFK3 line,
The hybridization of nuclear RNA from this cell line to sepa-
rated restriction fragments of Ad5 DNA shows that transcrip-
tion of the E fragment and also C, D and F occurs in trans-
formed cells. But the problem with all hybridization experi-
ments detecting the tramscription of some viral sequences in
transformed cells is the difficulty in distinguishing between
functional and randomly integrated viral DNAs, The only me-
thod which permits one to overcome this problem is the method
of preferential digestion of transcribed DNA sequences in
nuclei with DNase I and the following analysis of stable ma-
terial. This method was developed by Weintraub and Groudine
for analysis of hemoglobin genes /9/.
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The analysis of the expressed 445 sequences in DFK3
transformed cells by this technique indicates that the method
is sensitive enough for analysing of tramnscription of viral
genomes in transformed cells (Fig.2,3) and that not only the
extreme left end of the genome is tramscribed, but Hpal frage
ments from the majority of the genome are transcribed as
judged by DNase I sensitivity (Fig.2). This observation is
in agreement with the results of other authors /1,2,4/.

The obtained data show that about 50% of the sequences
of fragment Hpal-E are sensitive to DNase I digestion of DFK3
cell nuclei. Simple explanationsof this fact are that not all
identical sequences of this fragment are active in transcrip-
tion or/and 50% of the length of Hpal-E fragment are trans-
cribed and sensitive to DNase I digestion of nuclel (Fig.4).

The precise explanation may be obtained in the experi~
ments with restriction fragments of Hpal-E and after investi-

gation of pattern of the integrated viral sequences in DFK3
cells,
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