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SUMMARY

We have developed a new expression vector which allows efficient selection for transfectants that express foreign genes
at high levels. The vector is composed of a ubiquitously strong promoter based on the f-actin promoter, a 69%, subregion
of the bovine papilloma virus genome, and a mutant neomycin phosphotransferase II-encoding gene driven by a weak
promoter, which confers only marginal resistance to G418. Thus, high concentrations of G418 (approx. 800 ug/ml) effectively
select for transfectants containing a high vector copy number (> 300). We tested this system by producing human interleukin-2
(IL-2) in L cells and Chinese hamster ovary (CHO) cells, and the results showed that high concentrations of G418 efficiently
yielded L cell and CHO cell transfectants stably producing IL-2 at levels comparable with those previously attained using
gene amplification. The vector sequences were found to have integrated into the host chromosome, and were stably

maintained in the transfectants for several months.

INTRODUCTION

In recent years, various techniques have been developed
for efficient introduction of DNA into cultured eukaryotic
cells, and have allowed expression of various genes cloned
in an expression vector for the studies of gene regulation

Correspondence to: Dr. J.-i. Miyazaki, at his present address: Department
of Disease-Related Gene Regulation Research (Sandoz), Faculty of
Medicine, University of Tokyo, Hongo 7-3-1, Bunkyo-ku, Tokyo 113
(Japan)

Tel. (81-3)5800-6854; Fax (81-3)5800-6853.

Abbreviations: Ac, gene encoding f-actin; 4G, modified chicken f-actin
promoter; bp, base pair(s); fGal, B-galactosidase; BPV, bovine papilloma
virus; CAG, AG promoter with CMV-IE enhancer; CHO, Chinese
hamster ovary; CMV, cytomegalovirus; dhfr, gene encoding dihydrofolate
reductase; HMW, high molecular weight; HSV, Herpes simplex virus;
IE, immediate early; IL-2, interleukin-2; kb, kilobase(s) or 1000 bp; LTR,
long terminal repeat; MEM, modified Eagle’s medium; neo, gene (NmR®)
encoding NPT I1; Nm, neomycin; NPT II, Nm phosphotransferase II;
nt, nucleotide(s); ori, origin of DNA replication; §, resistance; RSV, Rous
sarcoma virus; SV40, simian virus 40; tk, gene encoding thymidine kinase;
u, unit(s).

and protein biosynthesis (Okayama and Berg, 1982; Wong
et al., 1985; Miyazaki et al., 1989). Although many experi-
ments can be performed with cells transiently expressing
foreign genes, it is often necessary to isolate cell lines that
permanently express foreign genes. Especially when large
quantities of a product are required for the experiments, the
success of the experiments depends on the isolation of a cell
line highly expressing the foreign gene.

The level of expression of the introduced gene depends
mostly on the strength of the promoter and the copy number
of the integrated DNA in the transfected cells. Therefore,
expression vectors utilize very strong promoters, such as
the SV40 early or late promoter, the CMV-IE promoter, the
cytoplasmic Ac promoter, and the adenovirus major late
promoter (Okayama and Berg, 1982; Wong et al., 1985;
Foecking and Hofsteffer, 1986; Miyazaki et al., 1989). Two
approaches have been undertaken to increase the vector
copy number in stably transfected cells. One is to use
co-amplification of introduced DNA mediated by some
selectable marker genes, among which the dhfr gene is most
widely used (Kaufman and Sharp, 1982; McCormick et al.,
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1984). Cells harboring more than 1000 copies of the dhfr
gene could be selected by sequentially increasing concentra-
tions of methotrexate. Although this system appears to be
the most powerful technique for obtaining high levels of
constitutive expression in mammalian cells, the disadvan-
tages of this method include requirement of the cells
deficient in dhfr expression for effective selection, prolonged
time required for the repeated cloning of the resistant cells,
and instability of the amplified genes when selective pres-
sure is removed.

Another way to increase the vector copy number is to use
expression vectors which contain all or part of the BPV
genome. The BPV fragment allows the vector to replicate
to 50-100 copies per cell, resulting in high levels of constitu-
tive expression of the inserted genes (Sarver et al., 1982;
DiMaio et al., 1982; Binetruy et al., 1982; Law et al., 1983).
Recently, another expression vector based on the
Epstein—Barr virus genome has been reported (Margolskee
et al., 1988). However, selection of transformants is still
required to achieve high levels of expression with these
vectors.

In this report, we describe a new vector for stable expres-
sion with the following distinct features. First, this vector
contains a ubiquitously strong promoter derived from the
chicken Ac gene (Fregien and Davidson, 1986; Miyazaki
et al., 1989). Thus, this vector can be utilized in a wide
variety of cell lines. Second, the selective marker used in this
vector is the neo gene with a mutation which lowers the
resistance to G418 (Yenofsky et al.,, 1990). This marker
gene is driven by a weak promoter. Therefore, only transfec-
tants that contain a high copy number of the vector survive
the selection by high concentrations of G418. This selection
should work in most eukaryotic cells. Third, the vector
contains the BPV 699, fragment which allows the vector to
replicate autonomously. This sequence facilitates the pro-
duction of high-copy-number transfectant clones by G418
selection. We demonstrate that the new expression vector
is utilized to rapidly obtain transfectants constitutively pro-
ducing human IL-2 at high level.

RESULTS AND DISCUSSION

(a) Promoter selection

Use of efficient promoter elements for construction of
expression vectors enhances the levels of expression of the
linked exogenous genes in the transfectants. We have pre-
viously shown that the chicken Ac promoter and its deriva-
tive, the AG promoter, are highly active in a wide range of
cell types (Miyazaki et al., 1989). In order to confirm these
observations, the strength of the promoters was evaluated
by pGal activity after transient transfection into several cell

lines of different cell types in comparison with the RSV
LTR and the CMV-IE promoter, both of which are con-
sidered to be very active in various cell lines (Gorman et al.,
1982; Foecking and Hofsteffer, 1986). As shown in Table I,
the Ac and AG promoters are more active than the RSV
LTR in all these cell lines. The CMV-IE promoter exhibited
much higher activity than the other ones in L cells and CHO
cells, aithough it showed only weak activity in F9 cells, an
undifferentiated embryonal carcinoma cell line. With the
hope of combining the advantages of both the Ac and
CMV-IE promoters, we have engineered another promoter,
designated the CAG promoter, by connecting the CMV-IE
enhancer sequence to the AG promoter. This composite
promoter produced the highest levels of fGal in all the four
cell lines tested. These results suggest that the CMV-IE
enhancer and the Ac enhancer additively stimulate tran-

TABLE |

Comparison of fGal activities directed by various promoters in different
cell lines

lacZ constructs® Relative fGal activity®

L F9 CHO HepG2
pAc-lacZ 1.0 1.0 1.0 1.0
pAG-lacZ 2.8 23 0.4 1.5
pCAG-lacZ 17.0 1.7 54 25
pCMV-lacZ 11.4 0.1 4.7 0.9
pRSV-lacZ 1.2 0.1 0.4 0.6
placZ <0.01 <0.01 <0.01 <0.01

® Plasmids pAc-lacZ, pAG-lacZ, and pRSV-lacZ were described pre-
viously (Miyazaki et al., 1989). pCMV-lacZ was produced by replacing
the Xhol-HindIIl segment including the Ac¢ promoter in pAc-lacZ with
the approx. 660-bp Hincll-HindIIl CMV-IE enhancer/promoter derived
from CDMS$ plasmid (Seed and Aruffo, 1987). The HincIl-Neol region of
the CMV-IV enhancer was also excised from CDMS8, and was introduced
using a Sall linker into an Xhol site located directly 5’ to the 4G
promoter in pAG-lacZ, resulting in pCAG-lacZ. placZ is a lacZ plasmid
lacking any eurkaryotic promoter.

5 Ltk cells, F9 tk~ cells (Gmiir et al., 1980), and HepG2 cells (Aden
et al., 1979) were grown in Dulbecco’s MEM supplemented with 109,
fetal bovine serum. CHO dhfr~ cells (Urlaub and Chasin, 1980) were
grown in MEM «-medium with ribonucleosides and deoxyribonucleo-
sides supplemented with 109, fetal bovine serum. For transient expres-
sion assay, transfection of DNA was performed by the Ca- phosphate
coprecipitation procedure as described (Miyazaki et al., 1986; Chen and
Okayama, 1987). Celis (1 x 10°) were seeded in a 6-cm dish, and were
transfected 20 h later with 5 ug of plasmid DNA. Cells were washed after
20 h and re-fed with 5 ml of fresh medium. They were harvested after 48 h
incubation, and cell extracts were prepared and assayed for fGal activity
by incubation with o-nitrophenyl-f-D-galactopyranoside as described
(Herbomel et al., 1984). The BGal activity directed by these constructs
was measured relative to that generated by pAc-lacZ (set at 1.0) for each
cell line. The BGal activities by pAc-lacZ in these cell lines relative to that
generated in L cells (set at 1.0) were 16.0 in F9, 2.3 in CHO, and 28.0 in
HepG2. The values shown are the average of duplicate experiments.



scription from the A G promoter. Thus, we have chosen the
CAG promoter for the construction of expression vectors.

(b) Construction of expression vectors for stable trans-
fection

We constructed an expression vector by introducing the
CAG promoter, rabbit f-globin gene sequences including a
polyadenylation signal, and an SV40 ori into pUCI13
(Fig. 1). This vector, designated pCAGGS, was designed
for transient expression, and exhibited high-level produc-
tion of fGal, IL-2, IL-5, leukemia inhibitory factor and
others in various cell types (data not shown).

We engineered another expression vector for stable ex-
pression by introducing the BPV 699, fragment and a
selectable marker gene into pCAGGS. The BPV sequence
was used to allow the vector to replicate extrachromoso-
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a high copy number of the plasmid, we utilized a weak
expression unit of the neo gene which confers resistance to
an Nm derivative, G418, and has been widely used as a
selectable marker for many kinds of cells. This neo expres-
sion unit derives from the pMClneo polyA + plasmid
(Thomas and Capecchi, 1987), and has a spontaneous mu-
tation in the coding region of the reo gene, resulting in a
severalfold reduction in the activity of NPT II (Yenofsky
et al., 1990). Furthermore, the polyoma enhancer sequence
was removed from the HSV tk promoter prior to integration
into pCAGGS (see Fig. 1 legend). Thus, the neo expression

s td oo

unit used in the vector construction confers only marginal
resistance to G418, so that only transfected cell containing
many copies of the vector could survive in the presence of
high concentrations of G418. Fig. 1 illustrates the final

construct of the expression vector, which was designated

mally in the transfected cells. In an attempt to develop an
efficient means of selection for the transfectants containing

PABWN.

BPV 69%
fragment

SV40 ori
neo expression unit

ori

tk promoter

Sall

CMV
IE enhancer

neo
Rabbit p—globin
"-flanking sequence

SRS
9

AG promoter

Fig. 1. Construction of pCAGGS and its derivatives. Plasmid pCAGGS was constructed from pUC13 (Messing, 1983). First, the XhoI-EcoRI segment
of pAGS-3 including the AG promoter was inserted in place of the EcoO109-EcoRI region of pUCI13 after changing the EcoO109 site to an Xhol site
by an Xhol linker. Next, the EcoRI-Sall region of this plasmid was replaced by the EcoRI-Xkol fragment from pKCR-3 (O’Hare et al., 1981) including
a polyadenylation signal (An) and a 3'-flanking sequence of the rabbit f-globin gene. The BamHI fragment from pAGS-lacZ including an SV40 ori was
introduced into the Pvull site of the above construct by using a BamHI linker. Then, the Sall CMV-IE enhancer fragment (see Table I) was inserted
in place of the AatIl-Xhol region of this construct after changing the Aarll site to a Sall site by a Sa/l linker. Finally, a unique Xkol site was made in
the EcoRlI site by an Xkol linker, resulting in pPCAGGS. A mutant neo gene was derived from pMClneo polyA + (Thomas and Capecchi, 1987), which
was purchased from Stratagene Inc. (La Jolla, CA), and had a point mutation in its coding region which reduces the activity of NPT II by one order
of magnitude (Yenofsky et al., 1990). Plasmid pMClneo polyA + has expression elements for the neo gene consisting of a mutant polyoma enhancer and
the tk promoter of HSV, and an SV40 polyadenylation signal. The XhoI-Sall fragment containing all these neo expression elements and the EcoRI-Sall
fragment lacking the mutant polyoma enhancer were excised from pMClneo polyA +, and inserted into a Sa/l site of pPCAGGS by a Sa/l linker. The
resulting plasmids were designated pCXN and pCXWN. Plasmids pABN and pABWN were constructed by inserting the 5.4-kb HindIII-BamHI fragment
derived from pdBPV-MMTneo (342-12) (Law et al., 1983), that is the so-called 69%, fragment of BPV-1, into a unique HindIII site of pPCXN and pCXWN
using a HindIII linker, respectively. A truncated form of the IL-2 cDNA (nt 41-542; Taniguchi et al., 1983) was introduced into a commonly unique Xhol
site of pCXN, pCXWN, pABN and pABWN using an Xhol linker.
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(c) IL-2 production by stable transfectants with the novel
expression vector

We next evaluated the above vector by IL-2 production
in L cells and CHO cells stably transfected by the pABWN
vector containing the human IL-2 cDNA. These cells were
chosen because they have commonly been used for expres-
sion of various genes or cDNAs. To assess the contribution
of the BPV 599 fragment and the weak neo expression unit
included in the vector, we made three additional vectors by
modifying the pABWN plasmid as follows: pABN, which
has the polyoma enhancer in the neo expression unit,
pCXN, which also has this enhancer, but lacks the BPV
sequence, and pCXWN, which lacks both the enhancer and
the BPV sequence.

We introduced the above constructs containing the hu-
man IL-2 ¢cDNA into L cells using the Lipofectin method
(Felgner et al., 1987), and cultured these transfected cells in
the presence of 200 ug/ml G418 for 18 days. Then, resistant
colonies (>200) were pooled and subcultured at different
G418 concentrations between 0 and 800 ug/ml. After one

IL-2 production (ux103/105celis/48 h)

600

G418 concentration (pg/ml)

Fig. 2. Effects of G418 concentration on IL-2 production in L cell trans-
fectants. L cells (2 x 10°) were seeded in a 6-cm dish, and transfected
20 hlater with 10 ug of pABWN-IL2 (blackened circle), pABN-IL2 (open
circle), pPCXWN-IL2 (blackened box), and pCXN-IL2 (open box) using
Lipofectin reagent (Bethesda Research Laboratories, Gaithersburg,
MD) (Felgner et al., 1987). Cells were washed after 6 h and re-fed with
5 ml of fresh medium. After 24 h, the medium was changed to selective
medium containing 200 ug G418/ml (Geneticin; Sigma, St. Louis, MO).
Selective medium was changed every two days. Pools of the stable trans-
fectants were then subcultured in medium containing the indicated con-
centrations of G418. The cells were subcultured at 1:20 once a week.
After one month, the cells were cultured in the absence of G418, and IL-2
assay of the culture supernatants was performed by enzyme-immuno
assay using a commercially available assay kit (DuPont, Willington, DE).
1 x 10* u of IL-2 correspond to 0.33 ug of IL-2.

month and after three months, we assayed the culture su-
pernatants for 1L-2. As shown in Fig. 2, pABWN-IL2
could direct higher levels of IL-2 production than the other
three constructs, especially after selection at higher G418
concentrations. A fivefold increase in IL-2 production was
observed in pABWN-IL2 transfectants after selection at
800 pg G418/ml, as compared with that at 400 ug/ml. This
expression level (4.3 x 10* u/10° cells/48 h) is comparable
with the production by the stable expression systems so far
reported which included the isolation of overexpressing
clones (Conradt etal., 1986; Onomichi etal., 1987;
Karasuyama and Melchers, 1988). Selection at higher con-
centrations of G418 (1200 or 1600 pg/ml) did not further
enhance the IL-2 production from pABWN-IL2 transfec-
tants (data not shown).

(d) DNA and RNA blot analyses of L cell transfectants

Southern-blot analysis of DNA from the L cell transfec-
tants subcultured at different G418 concentrations revealed
that the enhanced IL-2 production directed by pABWN-
IL2 depended on the increase of the vector copy number
which reached, on the average, 300 per diploid genome at
800 ug G418/ml (Fig. 3). In contrast, the cell pools from
transfection with pABN-IL2 containing the BPV fragment
and the polyoma enhancer for neo expression showed only
a slight increase of the vector copy number (approx. 20) as
the concentration of G418 increased. Northern-blot analy-
sis of these subcultured pools indicated that the amounts of
IL-2 and neo mRNA also increased in proportion as the
selective pressure by G418 increased.

(e) IL-2 production in CHO cells with the expression vec-
tors

We also examined the IL-2 productivity of these four
constructs in CHO cells. The transfected cells were cul-
tured in the presence of 200 ug G418/ml for 20 days. Then
we picked five colonies from pABWN-IL2 and pCXWN-
IL2 transfections, and established clones in 200 pg
G418/ml (see below). The remaining colonies (> 100) were
pooled and subcultured at different G418 concentrations.
We assayed these subcultured pools for their ability to
secrete human IL-2 after one month. High-level IL-2 pro-
duction by pABWN-IL2 was also obtained in CHO cells
after selection at 800 ug G418/ml, while the other vectors
showed low levels of expression (not shown). Southern-blot
analysis of DNA from the pABWN-IL2 transfectants con-
firmed that this overproduction was also mediated by the
selection of the transfectants with a high vector copy num-
ber (not shown).

BPV-based vectors have been shown to stay in the trans-
fected cells as multicopy circular episomes (Zinn et al.,
1982; Mitrani-Rosenbaum et al., 1983), which can be de-
tected by Southern-blot analysis of the low-M_ DNA iso-
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probe IL-2 neo
HMW DNA total RNA total RNA
G418 (ug/ml) 0 400 800 0 400 800 0 400 800
enhancer + =~ 4 -+ - + =4 -+ - + -4 -4 -
- 28S
1353 8 -1
1078: a. 8S

Fig. 3. Southern- and Northern-blot analysis of stably transfected L cells. L cells stably transfected with pABN-IL2 (enhancer + ) and pABWN-IL2
(enhancer — ), described in Fig. 2 legend, were further selected with the indicated concentrations of G418 for another month and subjected to Southern-
and Northern-blot analysis. HMW DNA was prepared as described (Maniatis et al., 1982) and digested with EcoRI Then 10 pug of each digest were
electrophoresed in 1.27%, agarose gel and transferred onto a nylon membrane (Biodyne B; Pall BioSupport, Glen Cove, NY). Total RNA was isolated
from L cell transfectants using ribonucleoside-vanadyl complex (Berger and Birkenmeier, 1979). Total RNA (10-ug aliquots) was electrophoresed in 1%
agarose gel containing 0.66 M formaldehyde and transferred onto a nylon membrane as above. Hybridization of the blots with probes labeled by
random-priming was carried out in 507, formamide/1 M NaCl/5%, dextran sulfate/1%, sodium dodecy! sulfate for 16 h at 42°C. An IL-2 cDNA fragment
and a neo gene fragment from pMClneo polyA + were used to prepare *?P-labeled IL-2 probe (middle and left panels) and neo probe (right panel),

respectively. Size markers (in bp) are shown on the left.

lated from the transfected cells using the Hirt (1969) proce-
dure. However, we could not find introduced vectors as
episomes by Southern-blot analysis of Hirt supernatants
from the transfected cells one month after transfection (data
not shown). Considering the apparent effects of the BPV
fragment on the increase of the vector copy number in the
stable transfectants, the vector was probably present as a
replicating episome in the early stage after transfection, but

TABLE 11

soon underwent integration into the host chromosome.
With this regard, it is interesting to note that after entering
a cell, BPV DNA transiently replicates to several hundred
copies per cell (Lusky and Botchan, 1986). BPV-based
vectors have been reported to be prone to rearrangements
and to integration into the host chromosome (Ostrowski
et al., 1983; Stenlund et al., 1983), and such instability has
been considered a major disadvantage of the BPV-based

Copy numbers of integrated vectors and IL-2 productivity in isolated CHO cell transfectant clones

Vector® Clone No.* Approximate copy number of IL-2 production rate®
integrated vectors® (u x 1073/10° cells/48 h)
(per diploid genome)
1 500 74.4
2 300 47.6
pABWN-IL2 3 100 338
4 50 114
S 10 0.8
6 100 242
7 100 24.0
pCXWN-IL2 8 50 12.2
9 10 6.0
10 10 5.6

* Plasmids pABWN-IL2 and pCXWN-IL2 were transfected into CHO cells as described in Fig. 2 legend. Five clones resistant to 200 ug G418/ml were

established from each transfection.

> EcoRI + Pstl-digested HMW DNA (10 ug each) and standard plasmid DNA were electrophoresed, hybridized with an IL-2 probe and autoradio-
graphed. Then the signal intensity for each clone was compared with that of the standard on the autoradiogram.
¢ Each clone was cultured in the absence of G418, and the culture supernatants were assayed for IL-2 production.
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vectors. However, such rapid integration of the vector into
the host chromosome does not deteriorate our system, but
may rather stabilize the productivity of the transfected cells
in long-term culture. In fact, the CHO transfectants selected
at 800 ug G418/ml for a month maintained their IL-2 pro-
ductivity for more than three months.

(f) Isolation of transfectant CHO cell clones

To examine the variation of the ability to produce IL-2
among the pABWN-IL2 transfectants, five clones
(Nos. 1-5) from pABWN-IL2 transfection were analyzed
for their IL-2 secretion and their copy numbers of the I11.-2
gene (Table I1). Similarly, we analyzed another five clones
{(Nos. 6-10) from transfection of pPCXWN-IL2 lacking the
BPV sequences. The results showed that the levels of IL-2
production by the transfectant clones correlated well with
their copy numbers of the exogenous IL-2 gene, and that the
presence of the BPV fragment appeared to increase the
copy number of the vector integrated into the host chromo-
some. Clone No. 1 carried a very high copy number
(approx. 500) of pABWN-IL2, and secreted IL-2 at a high
level. It should be noted that, although clone No. 5 con-
tained only about ten copies of vector sequences, this clone
would be eliminated by a higher concentration of G418.

For rapid isolation of highly productive transfectants, we
tested whether single-step selection of pABWN-IL2 trans-
fectants at 800 ug G418/ml would give a similar enrichment
of high producers of IL-2 as did the two-step selection
(200 ug G418/ml followed by 800 pug/ml). The resuit
showed that both selections were equally effective (data not
shown). The singie-step selection produced G418-resistant
colonies of L cells or CHO cells within ten days due to rapid
elimination of nontransformed cells, and allowed us to
clone and identify highly expressing recombinant cell lines
very rapidly. More importantly, a pool of pABWN transfec-
tants obtained by single-step selection at 800 ug G418/ml
yielded high-level expression of the inserted gene, which
was sufficient for most purposes.

(g) Conclusions and discussion

(1) Plasmid pCAGGS exhibited strong transient expres-
sion in various cell lines, and especially in combination with
COs7 cells (Gluzman, 1981) or BMT10 cells (Gerard and
Gluzman, 1985) produced large quantities of proteins en-
coded by various genes and cDNAs (unpublished results).
In addition, pPCAGGS directed high-level expression of the
ligated lacZ gene during the early stages of mouse embryos
from fertilized eggs to blastocysts in vitro when micro-
injected into pronuclei of fertilized eggs (unpublished re-
sults). It also produced high-level expression of various
ligated genes in all the tissues as far as examined in trans-
genic mice (unpublished results).

(2) Plasmid pABWN was constructed by introducing a

weak neo expression unit and the BPV 699, fragment into
pCAGGS and exhibited powerful expression not only in
transient, but also in stable transfection. Under high selec-
tive pressure by G418, stably transfected L or CHO cells
could be obtained within ten days, and even the pools of
these cells stably exhibited expression as high as selected
transfectant clones in previous reports (Onomichi et al.,
1987; Conradt et al., 1986; Karasuyama and Melchers,
1988). So far, there have not been good selectable markers
to rapidly enrich highly productive transfectants, but the
weak neo expression unit described in this study can be used
for such purpose in combination with the BPV 699, frag-
ment. The elements which constitute the pABWN vector,
the CAG promoter, the weak reo unit, and the BPV frag-
ment have only low specificity to cell types or species.
Therefore, this system can be applied not only to L cells or
CHO cells, but to a wide variety of cell lines. The pABWN
vector should be very useful for producing large amounts of
valuable proteins in mammalian cells, for changing the phe-
notype of host cells by overexpression of some normal or
mutated genes, and for disrupting the function of targeted
genes by overproduction of anti-sense RNAs.

(3) Itis conceivable that the weak reo unit may function
as an amplifiable selectable marker in this system. To test
this possibility, we examined whether low-copy-number
transfectant clones with pABWN-IL2 show amplification
of the neo gene after growth in the medium containing high
concentrations of G418 for one month. The result showed
that the copy numbers of the neo gene in these clones were
not affected by this treatment (data not shown). High con-
centrations of G418 obviously retarded the growth of these
cell clones, but were not lethal to them. Therefore, the
enrichment of highly producing transfectants by high con-
centrations of G418 was mediated by the difference of the
growth rates among the transfectants.

(4) Though this vector has the BPV 699, fragment,
which contributes to rapid and efficient selection of highly
producing cells in cooperation with the weak reo expression
unit, the introduced vector integrates into the host genomes.
Therefore, this vector cannot be used as a shuttle vector
between mammalian cells and E. cofi. However, such rapid
integration of the vector into the host chromosome may
help to increase the stability of its copy number. The weak
neo unit may be used as a selectable marker to maintain
vectors as high-copy-number episomes in combination with
alternative autonomously replicating elements other than
the BPV fragment, such as Epstein—Barr virus elements.
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