
The EMBO Journal Vol.2 No.9 pp. 1487 -1492, 1983

A bovine papilloma virus vector with a dominant resistance marker
replicates extrachromosomally in mouse and E. coli cells
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We describe the construction of a bovine papilloma virus-
based vector (pCGBPV9) which contains a dominant select-
able marker and replicates autonomously in both mouse and
Escherichia coli cells. This vector contains the complete
bovine papilloma virus genome, a ColEl replication origin
and a dominant selectable marker conferring resistance to
kanamycin in bacteria and G418 in eukaryotic cells. A high
number of G418R colonies are obtained after transfer of
pCGBPV9 into mouse C127 cells. These G418R colonies con-
tain vector DNA which replicates autonomously at - 10 - 30
copies per cell. The molecules are in most cases unrearranged
and can be rescued into E. coli cells by bacterial transforma-
tion.
Key words: bovine papilloma virus/shuttle vector/dominant
selectable marker/cell transfection

Introduction
Bovine papilloma virus (BPV-1) DNA replicates exclusively

as an extrachromosomal molecule in virally induced tumors
(Amtmann et al., 1980; Lancaster, 1981) as well as in trans-
formed mouse fibroblasts in culture (Law et al., 1981; Lan-
caster, 1981). The complete viral genome or a 69% HindlII-
BamHI fragment thereof have been used as vectors to intro-
duce cloned prokaryotic or eukaryotic genes into mammalian
cells in culture (Sarver et al., 1981, 1982; Zinn et al., 1982;
DiMaio et al., 1982; Pavlakis and Hamer, 1983; Wang et al.,
1983). These recombinant molecules replicate as multicopy
plasmids in stably transformed cells. This suggests that a
broad potential exists for BPV-1 DNA-derived vectors. The
functional analysis of cloned eukaryotic genes would be
greatly facilitated if the normal and in vitro mutated copies of
these genes could be kept in a controlled genetic environment
(extrachromosomal maintenance) once stably reintroduced
into eukaryotic cells. In addition, it may be possible to rescue
BPV recombinants as minichromosomes and thus study
associated proteins and the chromatin structure. Thus, the
function of cis-acting DNA sequences and trans-acting fac-
tors could be studied in a defined system, as the configuration
of all transferred genes in the recipient cells remains the same.
An important limitation of the BPV vector system is that

the efficiency of focus formation in mouse C127 fibroblasts is
decreased by two orders of magnitude when BPV-1 DNA is
linked to sequences of the bacterial plasmid pBR322 (Lowy et
al., 1980; Law et al., 1981; Sarver et a., 1982; DiMaio et al.,
1982; Binetruy et al., 1982). To circumvent this inhibition of
transformation, the BPV-1 DNA has to be freed from
pBR322 DNA by enzymatic cleavage prior to transfection in-
to eukaryotic cells. This renders the rescue of BPV recom-
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binants into bacteria impossible. Recently, however, BPV
vectors have been described that can be shuttled between
eukaryotic and prokaryotic cells. They contain either the
complete BPV genome and a derivative of pBR322 (pML2d,
Sarver et al., 1982), or the 69% BPV fragment linked to
pBR322 sequences and some 'positively acting sequences'
such as the human f3-globin gene (DiMaio et al., 1982) or the
rat growth hormone gene (Kushner et al., 1982) which ap-
parently facilitate the extrachromosomal maintenance of the
recombinants.
The second important limitation of all BPV-derived vectors

described heretofore is that the identification of the transfor-
mants relies on the morphological transformation (focus for-
mation) of contact inhibited mouse cells. This strongly limits
the range of recipient cells for BPV recombinants. In this
communication we describe the construction and preliminary
analysis of a selectable, dually replicating BPV-derived vec-
tor. This vector can be shuttled between eukaryotic and pro-
karyotic cells and provides an alternative to the focus assay.
This selectable BPV vector consists of the complete BPV-1
genome, a mini ColE 1 replication origin, and, as a dominant
selectable marker, the kanamycin gene of Tn5 engineered in
such a way that it confers resistance to kanamycin in bacteria
and to G418 in mammalian cells. Furthermore, the presence
of the cos site of bacteriophage X might allow the efficient
cloning of very large DNA inserts. We have introduced this
vector into culturoed mouse C127 cells and show here that
G418-resistant colonies can be otained at high frequencies. In
these colonies the BPV vector is replicated autonomously and
can be rescued back into Escherichia coli cells as an unrear-
ranged molecule.

Results
Construction ofBPV recombinants
As a dominant selectable marker for the BPV plasmids, we

chose the aminoglycoside phosphotransferase gene of trans-
poson Tn5 which confers resistance to the antibiotic G418
(Jimenez and Davies, 1980; Colbere-Garapin et al., 1981;
Southern and Berg, 1982). Starting from the plasmid pAG60
(Colbere-Garapin et al., 1981) we made a cosmid derivative
called pHSG272 (Figure IA) whose detailed construction and
characteristics will be published elsewhere (Brady et al., in
preparation). Briefly, pHSG272, a ColEl-derived vector,
contains the kanamycin resistance gene of Tn5 under the con-
trol of two promoters: the eukaryotic HSVtk promoter (as in
pAG60) and the prokaryotic P1 promoter of pBR322 (Stuber
and Bujard, 1981). The antibiotic resistance marker of
pHSG272 can thus be selected for in both prokaryotic and
eukaryotic cells where expression confers resistance against
12.5 itg/ml kanamycin and > 1.2 mg/ml G418, respectively
(Brady et al., in preparation). Furthermore, this plasmid con-
tains the cos site of bacteriophage X which allows the use of
the in vitro packaging reaction to clone large DNA
fragments. To extend this dual selection system towards a
eukaryotic extrachromosomally replicating vector, full length
BPV-1 DNA was cloned in either orientation as a HindlII
fragment in the single HindII site of pHSG272. The two
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Fig. 1. Structure of the BPV-G418R recombinants described in the text.

(A) Cosmid pHSG272 (Brady et al., in preparation). (B,C) Cosmids

pCGBPV7 and pCGBPV9, respectively. Thin line: DNA segment contain-

ing the ColEl replication origin (@) and the X cos region (O). Stippled
bar: pBR322 DNA segment containing the P1 promoter (short arrow:
Stuber and Bujard, 1981). Hatched bar: HSV tk DNA segment containing
a eukaryotic promoter (short arrow) and polyadenylation signals (Colb&re-
Garapin et al., 1981). Open bar: kanamycin resistance gene of transposon
Tn5. Solid bar: BPV-1 DNA; the long arrows indicate the approximate
location of the BPV-1 early transcripts (Chen et al., 1982).

resulting constructs were called pCGBPV7 and pCGBPV9
(Figure lB and C). Similar recombinants have also been made
that contain the same BPV fragment and kanamycin/G418
resistance unit but have, instead of a ColEl replication origin,
a pML2 (pBR322) replication origin and, in addition, the am-
picillin resistance gene (pMGBPV plasmids, structure not
shown).
Transfer ofpCGBPV7 andpCGBPV9 into mouse C127 cells
We used mouse C127 cells as recipients to study whether

transformation and stable maintenance, as determined by
G418 resistance or focus formation, could be achieved using
these BPV-containing plasmids. Plasmid-CaPO4 precipitates
were prepared with or without carrier DNA, in order to ex-
amine the influence of calf thymus carrier DNA on the
transformation efficiency and on the state of the DNA in the
transformed cells. Cells were transfected with 1 Ag plasmid
DNA per 10 cm dish (106 cells) and after 14 days of incuba-
tion in G418-containing medium, G418-resistant colonies
were scored. Foci were counted after 21 days of growth in
medium lacking this antibiotic. The number of G418R col-
onies obtained was compared with that obtained after
transfection of the cells with pAG60 or pHSG272, which lack
any BPV1 DNA. Results from a typical experiment (one out
of five similar experiments) are shown in Table I.

In all experiments the number of G418-resistant colonies
was much higher than the number of foci. The addition of
calf thymus carrier DNA reproducibly led to a 5- to 20-fold
increase in the number of G418-resistant colonies with the
plasmids pAG60, pHSG272 and pCGBPV7 (Table I and data
not shown). In contrast, the number of G418-resistant col-
onies obtained with pCGBPV9 was increased only -2.5-fold
(Table I) and in two experiments no effect of the calf thymus
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Table I. Transfonnation of mouse C127 cells to G418 resistance with various
plasmids

Plasmid DNA Calf thymus G418R Foci
carrier DNA colonies

pAG60 111 0
+ 510 0

pHSG272 181 0
+ 1248 0

pCGBPV7 368 0
+ 3441 176

pCGBPV9 1721 257
+ 4529 573

None + 0 0

Mouse C127 cells (106/dish) were transfected with 1 Ag of plasmid DNA
with or without the addition of calf thymus carrier DNA (20 ag/dish); the
CaPO4 DNA co-precipitate was removed after 16 h and the cells were
replated 48 h after DNA addition at a density of 106/10 cm dish and
challenged with G418 containing or normal medium. G418-resistant col-
onies were scored after 14 days and foci after 21 days. The numbers are
expressed per pmol of plasmid DNA.

carrier DNA was observed. We have also tested, in a similar
manner, several other BPV-G418R plasmids which contain
the AmpR gene, the origin of replication of pML2 and no X
cos site (pMGBPV plasmids). None of these recombinants
showed this relative carrier independence and the results ob-
tained were comparable with those obtained with pAG60,
pHSG272 or pCGBPV7 (data not shown).
The G418-resistant colonies derived from BPV vectors

were of two morphological types. Some colonies displayed a
transformed phenotype, whereas others had a normal
appearance. The ratio of colonies with the normal or
transformed phenotype varied from experiment to experi-
ment. On average, with pCGBPV9, 50-900%o of the colonies
displayed the transformed phenotype. With pCGBPV7 this
percentage was always significantly lower. When analyzed by
Southern blotting, both types of G418-resistant colonies
resulting from pCGBPV9 transformation were shown to con-
tain the vector DNA in an extrachromosomal state (see
below).
State ofpCGBPV7 and pCGBPV9 DNA in G418-resistant
C127 transformants
To test for extrachromosomal maintenance of these

plasmids in transformed eukaryotic cells, pCGBPV7- and
pCGBPV9-derived G418-resistant clones were grown up to
2 x 107 cells, total DNA was prepared (Colbere-Garapin et
al., 1981), and analyzed by the Southern blotting technique.
The data obtained from seven pCGBPV7 and 12 pCGBPV9
clones from one transformation experiment are shown in
Figure 2. Undigested DNA from each clone was run on a
0.60/o agarose gel, blotted onto nitrocellulose filters and
hybridized to 32P-labelled pCGBPV9 DNA (Figure 2A, lanes
5-16, 2B, lanes 2-8). pCGBPV9 DNA isolated from
bacterial cells and mixed with calf thymus DNA was used as a
size marker (Figure 2A, lane 1, 2B, lane 1). All 12 pCGBPV9
clones (Figure 2A, lanes 5-16) contain an extrachromosomal
DNA species migrating at the same position as form I
pCGBPV9 DNA (Figure 2A, lane 1). The addition of calf
thymus carrier DNA during cell transformation had no ap-
parent influence on the state of pCGBPV9 DNA in the
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Fig. 2. Southern blotting analysis of total DNA from various G418R cell lines containing pCGBPV9 or pCGBPV7 DNA. Total cell DNA was electrophoresed
on a 0.6%o agarose gel, blotted onto nitrocellulose and hybridized to nick-translated pCGBPV9 DNA. Lanes 1 contain 200 pg pCGBPV9 from bacterial
origin mixed with 1 jig calf thymus DNA. In A, cells were transfected with pCGBPV9 DNA in the absence (lanes 5-10) or in the presence (lanes 11-16) of
calf thymus carrier DNA (20 ytg/transfection). Lanes 2-4 are pAG60 transformants. DNA of lanes 5-7 and 11-13 was derived from colonies with the
transformed phenotype, whereas DNA of lanes 8-10 and 14-16 was derived from colonies with the untransformed phenotype. In B, cells were transfected
with pCGBPV7 in the absence (lanes 7,8) or in the presence (lanes 2 - 6) of calf thymus carrier DNA (20 yg/transfection). I and II indicate the position of form
I and form II of pCGBPV9, respectively.
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Fig. 3. Southern blot analysis of undigested (A), HindlII digested (B) and EcoRI digested (C) total DNA from various pCGBPV9 G418R transformants.
DNA (5 yg) was run on a 0.60o agarose gel, blotted onto nitrocellulose and hybridized to nick-translated pCGBPV9 DNA. The left-most BPV9 lane (A) con-

tains 18 pg pCGBPV9 DNA, whereas the other BPV9 lanes (A,B,C) contain 180 pg of pCGBPV9 DNA, mixed with calf thymus carrier DNA. I, II and III
indicate the position of the supercoiled, open circular and linear form of pCGBPV9, respectively. Sample 60.5 in A was underloaded (as judged by the
ethidium bromide staining of the gel; not shown).

various transformants (compare lanes 5-10 of Figure 2A
showing transformants made without carrier DNA with lanes
11 -16 showing transformants made with carrier DNA). One
of these clones contains an additional faster migrating DNA
species which is likely to be a deleted plasmid (Figure 2A, lane
11, bottom). In contrast to that, only one out of seven
pCGBPV7 clones contains a DNA species of the size expected
for full length plasmid (Figure 2B, lane 8), while another one

contains a faster migrating DNA species which is also pro-
bably a deleted plasmid (Figure 2B, lane 6). The remaining
five pCGBPV7 clones analyzed here do not show any DNA
molecules migrating similarly to supercoiled monomer

pCGBPV9 DNA (Figure 2B, lanes 2-5 and 7). As expected,
none of the three pAG60 G418-resistant colonies shows any
extrachromosomal material (Figure 2A, lanes 2-4; note that

the faint fast migrating band visible in lane 2 of Figure 2A is
due to spillover from lane 1).

All of the 19 clones presented here also exhibit a complex
array of slowly migrating DNA species, part of which migrate
similarly to form II pCGBPV9 DNA (Figure 2A, lane 1, 2B,
lane 1). Some of these bands might be form I and form II
dimers of the plasmid used, whereas some co-migrate with the
bulk of high mol. wt. cellular DNA and could thus represent
integrated DNA (see Discussion).
The pMGBPV plasmids behaved similarly to pCGBPV7

when transfected into C127 cells. Only a minor proportion of
the G418-resistant colonies contain unrearranged extra-
chromosomal monomer plasmid material (results not shown).
From another transformation experiment exhibiting iden-

tical characteristics, the DNAs of five pCGBPV9-derived
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G418-resistant clones were analyzed in more detail by
Southern blotting experiments with or without prior restric-
tion with HindIII or EcoRI (Figure 3A, B, C ). All five cell
lines contain pCGBPV9 DNA as an extrachromosomally
replicating plasmid, co-migrating in an agarose gel with
supercoiled pCGBPV9 DNA (Figure 3A). As seen in Figure
2, part of the hybridizing material migrates in a region of the
gel where form II of pCGBPV9 DNA migrates (Figure 3A,
lane BPV9). However, the radioactivity observed in this part
of the gel can also be accounted for by the various forms of
the dimer and oligomers of the plasmid as well as by in-
tegrated DNA (especially Figure 3A, lane 98.6, and see
below). Furthermore, in two samples (Figure 3A, lanes 100.5
and 60.3) a band corresponding to form III pCGBPV9 DNA
is also visible, suggesting some cleavage of the DNA in the
samples.

Digestion of pCGBPV9 DNA with HindIII gives two frag-
ments of 7.95 kbp and 3.4 kbp in length, while EcoRI diges-
tion produces three fragments which are 6.4, 4.5 and
0.45 kbp long (Figure IC). Figure 3B and C show the results
of the HindIII and EcoRI digests performed with the five cell
lines DNAs described above. As a size marker we used
pCGBPV9 plasmid DNA mixed with carrier DNA and
digested with the appropriate restriction enzyme (Figure 3B
and C, lane BPV9). All five cell lines show the expected Hin-
dIll or EcoRI fragments co-migrating with the control DNA
(the third EcoRI fragment, 0.45 kbp long, ran out of the gel).
One of the cell lines, 98.6, also shows additional hybridizing
fragments of various molecular size reflecting several recom-
bination events (Figure 3B, C, lane 98.6). The slow migrating
band found in cell line 60.5 upon EcoRI digestion (Figure 3C,
lane 60.5) corresponds to form III pCGBPV9 DNA and is
most likely a partial digestion product, since it can also be
observed in the control which was only partially digested
(Figure 3C, lane BPV9). The hybridization seen at the top of
the gel with undigested total DNA (Figure 3A) disappears
upon HindlII or EcoRI digestion without leading to the ap-
pearance of 'junction' fragments, indicating that the vast ma-
jority if not all of the plasmid material is truly extra-
chromosomal and has not undergone gross rearrangements in
the mammalian cells. For reference, the left-most slot BPV9,
Figure 3A, shows a single copy equivalent of pCGBPV9
DNA (18 pg). DNA from cell line 98.6, however, shows upon
EcoRI or HindlII digestion the two expected fragments and a
variety of other hybridizing fragments of various sizes. These
fragments may be the junction fragments arising from in-
tegration of pCGBPV9 at different locations in the cellular
DNA or may reflect rearrangements within plasmid DNA
maintained as oligomeric structures.
We did not precisely quantitate the amount of extra-

chromosomal material present in our transformed cell lines.
However, by comparing the signals obtained with these cell
lines with that obtained with known amounts of pCGBPV9
DNA, we estimate that G418-resistant transformants carry
-10-30 plasmid copies per cell. This number is in good
agreement with other reports (Law et al., 1981; Kushner et
al., 1982; DiMaio et al., 1982).
Rescue ofpCGBPV9 DNA from G418-resistant C127 cells
To obtain further evidence for the extrachromosomal

maintenance of pCGBPV9 in G418-resistant transformed
C127 cells a rescue in E. coli was attempted. Highly compe-
tent CaCl2-treated HB1I1 cells (Dagert and Ehrlich, 1979)

Table II. Rescue of pCGBPV9 in bacterial cells

DNA Restriction Bacterial trans-
digest formants (No.)

Kan Tet

None None 0 0

60.3 (KanR, TetS) None 35 64

+ Sau3A 0 0

pBR322 (Kans, TetR) MboI 2 72

60.3 cellular DNA (G418R transformant obtained by transformation with
pCGBPV9, see text) was mixed with pBR322 DNA prepared from dam +
bacteria, mock-digested or digested with Sau3A or MboI and used to
transform CaCl2-treated HBIOI bacteria. Transformation mixes were then
plated onto either Kan or Tet plates. The amounts of 60.3 and pBR322
DNA had been adjusted so that they would give comparable numbers of
transformants when not restricted.

were incubated with undigested total DNA from 10 different
G418-resistant transformants. Kanamycin (Kan)-resistant
bacterial colonies were obtained from all DNA samples. Ap-
proximately 1 Atg of total DNA yielded 10-20 Kan-resistant
colonies. In each case the plasmid DNA from three HB1O1
colonies was prepared (Holmes and Quigley, 1981), examined
by restriction analysis with up to five enzymes and was found
to contain, in all cases, exclusively unrearranged pCGBPV9
DNA (data not shown).
To rule out the possibility that the rescued DNA was a con-

taminant stemming from the original DNA applied to the
mouse cells in the transfection procedure and carried over
during the growth of the G418R colonies, we examined the
sensitivity of the rescuable DNA to the enzymes Sau3A and
MboI. Plasmid DNA coming from dam + E. coli cells (such
as HB11), is methylated at the A residue in the sequence
GATC and therefore resistant to cleavage by MboI but not by
Sau3A (Peden et al., 1980). Cellular DNA, or DNA which
has been replicated in eukaryotic cells, has no methylation at
the A residues and is thus sensitive to cleavage by MboI, as
well as by Sau3A. If pCGBPV9 had been replicated in the
mouse cells it should become sensitive to MboI digestion and
no Kan-resistant bacterial colonies should be obtained after
MboI cleavage and bacterial transformation. 15 itg of 60.3
cellular DNA (see Figure 3A, B and C) containing -400 pg
pCGBPV9 DNA (as estimated from Southern blots and
bacterial rescue experiments) were mixed with 500 pg of
pBR322 DNA prepared from dam + bacterial strain (HB1I1).
This mixture was divided into several aliquots which were
mock-digested or digested with Sau3A or MboI. After phenol
extraction, ether extraction and ethanol precipitation the dif-
ferent samples were used to transform HB101 bacteria which
were subsequently plated onto either Kan or tetracycline (Tet)
plates. Sau3A digestion eliminated both the Kan and Tet
transforming activities (pCGBPV9, pBR322 respectively),
whereas MboI drastically reduced the Kan transforming ac-
tivity (pCGBPV9) (Table II). This result confirms that the
pCGBPV9 DNA which can be rescued in E. coli was passag-
ed in mouse cells and was not a contaminant carried over dur-
ing the growth of the G418 clones.

Discussion
Here we describe a BPV-1-derived vector, pCGBPV9,

which carries a dominant selectable marker (Kan/G418) and

1490



A BPVI-denved shuttle vector with a selectable marker

replicates autonomously in both mouse C127 and E. coli
cells. Transfection of pCGBPV9 DNA into C127 cells and
selection for G418 resistance yields high numbers of stable
G41 8R transformants (Table I). These transformants contain
free pCGBPV9 DNA that is unrearranged as judged by
restriction analysis and which can be rescued into E. coli cells
by bacterial transformation. Occasionally, in addition to the
input vector molecule, one can also detect rearranged or in-
tegrated molecules. One example of this is provided by cell
line 98.6 in which the amount of free monomer pCGBPV9
DNA is small, although the absolute amount of plasmid
hybridizing DNA is comparable with that contained in other
G418R transformants. Unrearranged pCGBPV9 DNA can be
rescued from this cell line into E. coli (results not shown) pro-
ving that indeed some plasmid DNA is maintained extra-
chromosomally in this cell line.
Our belief that most of the plasmid hybridizing material

found in the G418R mouse cells is extrachromosomal, is bas-
ed on several observations. In most cases a significant portion
of the hybridizing material co-migrates with form I
pCGBPV9 monomer DNA (Figure 2A). With undigested
DNA, the remainder of the radioactivity is found in a region
of the gel where high mol. wt. cellular DNA migrates. We
know that various types of circular pCGBPV9 molecules
(open circular monomer, supercoiled and open circular
dimer) also migrate in this area of the gel and are not well
resolved under these electrophoresis conditions. Following
restriction digestion of the DNAs, the slowly migrating
hybridizing material disappears completely, without leading
to the appearance of unexpected fragments (Figure 3B, C).
An exception to this behavior, however, is cell line 98.6 which
upon digestion shows the expected fragments, but also a
variety of weakly hybridizing fragments (Figure 3B, C). The
intensity of these fragments corresponds approximately to a
single copy signal and therefore probably represents junction
fragments of an integrated structure, or perhaps reflects rear-
ranged plasmids maintained extrachromosomally at very low
copy number.

Surprisingly, pCGBPV7, which carries the BPV fragment
in the opposite orientation relative to the plasmid moiety,
behaves differently from pCGBPV9 when transfected into
mouse cells. Only rarely can extrachromosomally maintained
unrearranged or rearranged form I monomers be found. In
the other transformants, plasmid hybridizing material can be
found exclusively in the high mol. wt. region of the gel. We
have no explanation for this different behavior of pCGBPV7
and pCGBPV9, but it is worth noting that in pCGBPV9 the
BPV 'early' transcripts (Chen et al., 1982) and the Kan/G418
transcripts are read in opposite orientation, whereas in
pCGBPV7 they are both in the same orientation.
The other series of G418R recombinants we made

(pMGBPV plasmids) showed only rarely unrearranged
plasmid DNA maintained extrachromosomally in transfected
mouse cells. Therefore, it seems that the plasmid part con-
tained in the pCGBPV vectors is more suitable for extra-
chromosomal maintenance than the one contained in the
pMGBPV vectors. These latter plasmids differ from the
pCGBPV constructs in at least three points. The origin of
plasmid replication in pMGBPV is supplied by pML2
(pMBl/pBR322 derivative; Lusky and Botchan, 1981)
whereas in pCGBPV it is supplied by pHSG262, a ColEl
derivative (Brady et al., in preparation; Hashimoto-Gotoh
and Inselburg, 1979). The pMGBPV plasmids contain an ad-

ditional antibiotic resistance gene (the 3-lactamase gene from
pML2) and do not contain the cos site region of
bacteriophage X. Further experiments would be needed to
delineate which of these differences explains the poor
extrachromosomal maintenance of the pMGBPV plasmids.

While with the plasmids pAG60, pHSG272, pCGBPV7
and pMGBPV, the addition of calf thymus carrier DNA
reproducibly stimulated the transfection rates by a factor of
5-20 for G418R colonies, the rate with pCGBPV9 was
already nearly maximal without added carrier DNA.
Although a detailed understanding of this observation needs
further study, these data may indicate that some of the effect
of carrier DNA may be to facilitate integration of the selec-
table marker into chromosomal DNA, and therefore extra-
chromosomal maintenance, which was reproducibly observed
only with pCGBPV9, bypasses this pathway.
The number of foci obtained in mouse C127 cells with our

G418R BPV plasmids was consistently lower than the number
of G418R colonies, generally by a factor of at least 10-fold
(Table I). We believe that this discrepancy is not simply due
to trivial reasons (e.g., the fact that G418R colonies are easier
to score than foci), but reflects post-transfectional events
depending on the selection procedure. Preliminary data in-
dicate that many foci did not exhibit resistance to G418 and
had deleted part of the vector DNA (details of these observa-
tions will be published in a separate communication). Similar
findings have also been made by Binetruy et al. (1982), who
found, in many cases, deletions in the vector moiety or in the
BPV non-transforming region.
The fact that pCGBPV9 is a cosmid allows use of the in

vitro packaging reaction (Hohn and Murray, 1977) to effi-
ciently clone large DNA fragments. At the present time we do
not yet know the stability of pCGBPV9 with cloned inserts in
mouse cells. We are currently analyzing this parameter using
pCGBPV9 containing either very large inserts (-35 kbp
mouse DNA) or the HSV1 tk gene. Furthermore, we are also
using this vector to ask whether hormonally regulated expres-
sion of a tryptophan oxygenase-chloramphenicol acetyltrans-
ferase fusion gene (Danesch et al., in preparation) can be ob-
tained in an episomal state in transfected cells. This would
allow analysis of the chromatin structure of this fusion gene
in the induced and uninduced state, free from cellular in-
terferences.

Materials and methods
Construction of BPV recombinants
The cosmid pHSG272 (Brady et al., in preparation) was opened at its uni-

que HindIII site, treated with calf intestine phosphatase (Weaver and Weiss-
mann, 1979) and ligated to the gel-purified 7.95-kb BPV-1 DNA fragment
(obtained by HindIII cleavage of the plasmid pBR-BPVl which contains a
complete copy of BPV-1 DNA in the HindIII site of pBR322). The two
plasmids thus obtained, representing both orientations of the BPV insert,
were called pCGBPV7 and pCGBPV9 (Figure lB,C). pHSG272 confers
kanamycin resistance to bacteria (HBI01, DH-1: 12.5 tg Kan/ml) and G418
resistance to mammalian cells (up to 8 mg/ml in Ltk - cells, T. Jenuwein, un-
published data). The pMGBPV plasmids (structure not shown) were obtained
similarly by cloning the entire BPV-1 DNA fragment into the HindllI site of a
pML2 vector carrying the same Kan/G418 resistance unit as pHSG272.
Cell culture and DNA transfection
Mouse C127 cells (provided by P.M. Howley, via P. Gruss) were maintain-

ed at low density in Dulbecco modified Eagle's (DME) medium supplemented
with 10% fetal calf serum (FCS), 10 mM Hepes (pH 7.4) and 100 ,ug/ml peni-
cillin/streptomycin. For DNA transfections the plasmid DNA (1 or 2 Ag) was
mixed with CaC12 and Hepes Buffered Saline with or without calf thymus car-

rier DNA (20 ktg) and the precipitate was allowed to form at room
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temperature for at least 30 min (Wigler et al., 1978). It was then added to the
cells in 10 cm dishes containing 10 ml of fresh medium. After 16-20 h at
37°C, the CaPO4 precipitate was removed, the cells were washed with
phosphate buffered saline (PBS) and further incubated with fresh medium.
G418 selection (1.2 mg/ml G418 in medium) was started 2 days after the ad-
dition of DNA and G418-containing medium was changed every 6 days.
0418-resistant colonies were scored and picked after 14 days of selection.
When grown in mass culture, the G418-resistant colonies were kept under
selective pressure at all times. For foci selection, DME medium containing 5%
FCS was used and the cells were refed ever 3-4 days until visible foci ap-
peared (21-25 days).
DNA analysis

Total cellular DNA was extracted as described by Colbere-Garapin et al.
(1981) or in some cases by a simplification of this procedure, followed by
isopropanol precipitation (H.U.Bernard, unpublished data). DNAs were then
resuspended and stored in Tris 10 mM (pH 8.0), EDTA 1 mM. The agarose
gels were run in Tris-borate buffer and blotted to nitrocellulose filters. The
conditions for hybridization and washing of the blots were as in Jolly et al.
(1982). To ensure a comparable migration of the pCGBPV9 DNA used as size
marker with that prepared from transformed cells, it was mixed with 2.5 itg
calf thymus or mouse carrier DNA prior to loading on the gel.
Bacterial rescue

Highly competent E. coli HB101 cells were prepared by CaC12 treatment as
described by Dagert and Ehrlich (1979). Transformation efficiency obtained
was - 5 x 105 colonies/pg pCGBPV9. From reconstruction experiments with
a mixture of pCGBPV9 and C127 cellular DNA, it was concluded that the
presence of high mol. wt. chromosomal DNA in large excess did not
significantly decrease the overall transformation efficiency of pCGBPV9
under our experimental conditions.
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