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ABSTRACT To use recombinant DNA technology to func-
tionally analyze mutations introduced into cloned eukaryotic
genes, a rapid procedure is necessary to assay the steps along the
gene expression pathway. Since cloned rat insulin genes are not
transcribed efficiently after transfection into various cell lines, I
have asked whether one could drive expression by placing the in-
sulin gene inside a transcriptional unit that functions in all mam-
malian cells. By using a small simian virus 40 (SV40) fragment that
contains initiation signals for replication and transcription, I con-
nected the 5'-noncoding region of the SV40 tumor antigen gene
to the 5'-noncoding region of the rat insulin II gene to create a
pBR322-based recombinant. If one assays shortly after its intro-
duction into mammalian cells, it can be shown that this recombi-
nant plasmid programs the synthesis of correctly spliced and po-
Iyadenylylated insulin mRNA that functions in the synthesis and
secretion of rat proinsulin. This system permits rapid analysis of
cloned in vitro-engineered mutations and the programming of eu-
karyotic cells to manufacture proteins that they normally do not
synthesize.

After a gene coding for a eukaryotic protein has been cloned and
its sequence has been determined, how does one begin to cor-
relate gene structure with control of-gene expression? By using
recombinant DNA technology, it is relatively simple to intro-
duce mutations in a cloned gene; the problem is to assay the
steps (transcription, RNA processing, translation, protein pro-
cessing) leading to the final gene product. Recombinant DNA
technology is being used to study the gene coding for the poly-
peptide hormone insulin (1-3). To establish the required assay,
I have inserted rat insulin genes into cultured cells in a fashion
that results in rat proinsulin production. This assay is rapid, thus
permitting the biochemical analysis of in vitro-engineered mu-
tations. This technology (programming cells to manufacture
proteins that they normally do not synthesize) also maybe useful
in gene therapy and industry.
The two nonallelic rat preproinsulin genes have been isolated

from a rat chromosomal DNA library and characterized (2).
These cloned genes do not function when introduced into
mouse L cells (C. Lo, personal communication). On the other
hand, Gruss and Khoury (4) have obtained insulin expression
by placing the complete rat preproinsulin I gene in the late re-
gion of a simian virus 40 (SV40) vector. This recombinant, to-
gether with a helper virus, will productively infect monkey kid-
ney cells, leading to the synthesis (and secretion) of rat pro-
insulin; the preproinsulin mRNA in these cells is correctly
spliced and possesses a 5' terminus identical to authentic rat
preproinsulin I mRNA, suggesting that.RNA polymerase II is
recognizing and initiating transcription of the insulin gene in-

dependent of SV40 regulatory signals. This work, in principle,
provides the assay required to analyze mutations in the insulin
gene; however, SV40 as a vector imposes a set ofinflexible con-
straints (recombinant DNA size is limited by virion packaging
requirements, need to use a helper virus, lytic infection in
monkey cells, inability to engineer in Escherichsa coli and trans-
fer directly into mammalian cells) that restricts its utility.

By analogy to the methods used to obtain eukaryotic protein
synthesis in bacteria (1), could one drive expression by placing
the insulin gene in a transcriptional unit that functions in all
mammalian cells? To address this question, I have constructed
a SV40-insulin-pBR322 recombinant in which the 5'-noncod-
ing region of the SV40 early gene [which functions constitu-
tively (5) in most mammalian cells] is connected to the 5'-non-
coding region of the rat insulin II gene.

METHODS
Plasmid DNA. Genetic engineering was carried out by using

pBR322 (6) and E. coli K-12 strains RR1 or HB101 (7). Restric-
tion endonucleases and other enzymes were from New England
Biolabs. Plasmid DNA used to transfect mammalian cells was
prepared from detergent-lysed bacteria (8) followed by CsCl/
ethidium bromide centrifugation and ethanol precipitation of
the covalently closed circular (ccc) form. The different plasmids
are described in Fig. 1.

Transfection. Calcium phosphate DNA precipitate suspen-
sions were formed (9) by using plasmid DNA at 10-25 Ag/ml
and presented to cells by two methods. In method 1 (9), 1 ml
of precipitate was added to 10 ml of fresh medium covering a
nearly confluent monolayer of cells in a 10-cm dish. In method
2 (10), confluent cells from a 10-cm dish were trypsinized, cen-
trifuiged, and incubated with 1 ml of precipitate for 15 min; 10
ml of medium was added and the suspension was transferred
to a 15-cm dish. In both methods, after 5 hr of incubation at
370C in 5% C02/95% air, the DNA/medium was removed and
the cells were shocked with 25% glycerol in medium for 1 min
(10), rinsed, and returned to the incubator with fresh medium.

Cos cells (ref. 11; from Y. Gluzman, Cold Spring Harbor
Laboratory) and HeLa cells were grown in Dulbecco's modified
Eagle's medium/10% fetal calf serum. L cells and CV-1P cells
were grown in Dulbecco's modified Eagle's medium/10% calf
serum. All cells were incubated at 370C in 5% CO2/95% air.
RNA. Saline-washed cells were extracted with NaDodSO4/

phenol/chloroform (12) and total cellular RNA was isolated free
ofDNA by pelleting through CsCI (13). RNA was examined by
nuclease S1 mapping (14) using end-labeled probes (15) and by
blot hybridization (16).

Abbreviations: SV4O, simian virus 40; ccc, covalently closed circular
(DNA); kb, kdlobase(s); bp, base pair(s); T antigen, large tumor antigen.
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Protein. Transfected Cos cells were labeled with [3'S]cysteine
(4) for 4 hr and solubilized with detergent (17). The solubilized
proteins were treated with antiserum to bovine insulin (Miles)
in the presence and absence of excess of unlabeled bovine in-
sulin as competitor (12). The antigen-antibody complexes were
recovered (18) by using Staphylococcus aureus (Pansorbin; Cal-
biochem), extracted with 8 M- urea/1% NaDodSO4/0.1 M di-
thiothreitol at 100'C and electrophoresed on 15% acrylamide/
NaDodSO4 gels (19). The acrylamide gel was impregnated with
fluor (EN3HANCE, New England Nuclear), dried, and ex-
posed to x-ray film at -800C.

Insulin antigen released into the culture medium from trans-
fected cells was measured by radioimmunoassay (Amersham).
This assay uses human insulin as a standard and expresses con-
centrations in microunits/ml; pure human insulin is -'25 units/
mg.

RESULTS
The rat insulin II gene contains two introns and is carried on
a 3-kilobase (kb) Pst fragment, which has been subcloned into
pBR322 (prI2; Fig. la). I have engineered a HindIII site in the
5'-noncoding region of this cloned gene and, in the process,
have deleted all upstream sequences (prI2-35; Fig. lb). Roberts
et aL (20) have cloned the entire early region of SV40 (the HpaII/
Bam fragment) in pBR322 in a fashion that converted the Hpa
II site to an EcoRI site (pTR405; Fig. 1c). I have isolated the
EcoRI/HindIII fragment from pTR405 [the HindIII site, at
nucleotide 5,175 on the SV40 genome, lies in the 5'-noncoding
region of the tumor antigen gene, 12 base pairs (bp) upstream
from the AUG initiation codon; this fragment also contains a
functional origin of replication and both 72-bp repeats] and li-
gated this to HindIII-restricted prI2-35 to create the desired
recombinant (prI2-SV40-46; Fig. ld).
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Insulin mRNA Synthesis in Cultured Mammalian Cells. In-
sulin gene expression was evaluated after introduction of the
cloned genes into cultured cells by using calcium phosphate
transfection. At various times after transfection, RNA was iso-
lated and used in a nuclease S1 assay that is designed to detect
correctly spliced rat insulin mRNA; in addition, a sensitive ra-
dioimmunoassay was used to measure insulin antigen released
into the spent culture medium. In monkey kidney cells (CV-1P
cells), both the intact insulin gene (prl2) and the deleted insu-
lin gene (prI2-35) fail to support insulin mRNA expression,
whether presented as ccc plasmids or excised (with Pst I) and
presented as linear molecules (Fig. 2a, lanes 1, 2, and 5). In
contrast, when prI2-SV40-46 is transfected into CV-1P cells,
correctly spliced rat insulin mRNA is easily detected and insulin
antigen is released into the culture medium (see below); the ccc
plasmid programs this expression more efficiently than the ex-
cised (using HincII, which cuts pBR322sequences on both sides
of the SV40-insulin region) gene (Fig. 2a, lanes 7 and 8).

SV40 replication in monkey cells is dependent on the pres-
ence of functional large tumor (T) antigen (5). To examine the
influence of SV40 T antigen on insulin gene expression, the
EcoRI/BamrHI fragment from pTR405, which by itself encodes
functional early region gene products (20), was introduced by
cotransfection along with the different insulin gene plasmids.
This procedure dramatically enhanced the level of correctly
spliced insulin mRNA programmed by excised prI2-SV40-46
but only slightly stimulated expression from the ccc plasmid
(Fig. 2a, lanes 9 and 10). These results are consistent with the
idea that T antigen, supplied in trans by the early region gene,
promotes replication ofthe insulin gene physically linked to the
SV40 origin ofreplication; the resultant gene amplification leads
to increased levels of insulin mRNA. Since plasmid pBR322
contains a sequence (the "poison" sequence) that inhibits rep-
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FIG. 1. Plasmids used for transfection. (a) prI2 and pRC11. The parent phage clone (A Charon 4A-rI2) that carries the entire rat preproinsulin
II gene (2) was used to prepare two plasmid subclones. prI2 carries a 3-kb Pst fragment inserted into the Pst site of pBR322. pRC11 contains a 4-
kb Bgl II fragment inserted into the Bam site of pBR322 (constructed and supplied by R. Cate, Harvard University). v, 5' End of the mature mRNA;
v, start of the coding region; *, 3' end of the mature mRNA; =, the 119-bp intron in the 5'-noncoding region; _, the 499-bp intron in the coding
region. G, Bgl II; P, Pst, B, Bam. (b) prI2-35. prI2 was used to construct a gene with the entire 5' flanking region deleted. A Dde I site in the 5'-
noncoding region was filled out by using the Klenow fragment of E. coli DNA polymerase I and ligated to HindII linkers (Collaborative Research).
The product was digested withHindHlI/Bam, and the gene was reconstructed by ligation and inserted between the HindIl andBam sites of pBR322.
H, HindII. (c) pTR405. This plasmid (ref 20; supplied by T. Roberts, Harvard University) contains a functional SV40 origin of replication and the
entire SV40 early region cloned between the EcoRI and the Bam sites of pBR322. Arrows, directions of late and early gene transcription. L, BgI
I; R, EcoRI. (d) prI2-SV40-46. The 416-bp EcoRl/Hindfl fragment from pTR405 was ligated to EcoPJ/HindHI-cut prI2-35 to create prI2-SV40-46.
The nucleotide sequence across the Hindim site (5'- 3', C-T-T-T-G-C-A-A-A-A-A-G-C-T-T-G-G-T-A-A-G-T-G-A-C-C-A) shows that the SV40 se-

quence is in the correct orientation and connected by the HindIl linkers to the filled outDde I site. (e) prI2-SV40-15. The EcoRI/Hindfl fragment
from pTR405 was ligated to EcoPJ/Hindl-cut pRC11 to create prI2-SV40-15 (-, the 346 bp of pBR322 sequence that separate the SV40 origin
from the beginning of the rat sequences). This construction was also carried out by using the pBR322 derivative pXF3 (constructed and supplied
by D. Hanahan, Harvard University) in which the replication inhibitory poison sequence has been removed, creating the recombinant prI2-SV40-
15-XF3,.
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FIG. 2. 'Nuclease S1 assay of insulin mRNA from transfected cells.
RNA from transfected cells' was hybridized with an insulin-specific
end-labeled probe at 490C'(14, 15). After treatment with nuclease S1
and ethanol precipitation, the digestion products were resolved on a
6% acrylamide/7 M urea gel and autoradiographed. The probe used
wasa 750-bp fragment from the insulinII gene uniquely 3'-end labeled
at aBam site in the coding region and extending to anHha site on the
other side of the 499-bp intron in the coding region. If a correctly
spliced mRNA hybridizes to the labeled antisense DNA strand, nu-

clease S1 will digest the unhybridized intronic sequences, leaving a

protected 170-nucleotide labeled fragment (arrows).' The amount of
probe used (0.04 pmol) for each RNA sample represents an excess of
DNA; hence the assay quantitatively measures insulin mRNA levels.
(a) CV-1P cells (lanes 1-10) were transfected (method 1) with plasmid
DNA (12 pug of each DNA per 10-cm dish); the' DNA was either ccc or

digested with the denoted restriction enzyme, phenol extracted, and
ethanol precipitated. RNA was isolated from the dishes after'2 days
and one-half of the sample was used for the assay. Lanes: 1, prI2; 2,
Pst I-cut prI2; 3, prI2 and EcoRI/BamHII-cut pTR405; 4, Pat I-cut prI2
and EcoRI/BamHI-cut pTR405;'5, Pst I-cut prI2-35; 6, Pst I-cut prI2-
35 and EcoRI/BamHI-cut pTR405; 7, prI2-SV4046; 8, HincII-cut
prI2-SV40-46; 9, prI2-SV40-46 and EcoRI/BamHI-cut pTR405; 10,
HincII-cut prI2-SV40-46 and EcoRI/Bamffl-cut pTR405; 11-13, rat
preproinsulin mRNA standards contained in 10, 20, and 30 ng, re-

spectively, of -rat insulinoma poly(A)3RNA. subjected to nuclease- S1
analysis; 14, control (no cellular RNA was added to the assay mixture).
(b) Cos cells (lanes 1-4) were transfected (method 2) with plasmid DNA
at 25 Ag per 15-cm dish. RNA was isolated from the dishes after 3 days
and one-quarter of the sample used for the assay. Lanes: 1, prI2-SV40-
46; 2, prI2-V40-15; 3, prI2; 4, prI2-SV40-15-XF3; 5, prI2-SV40-46
(from another experiment); 6, 10 ng of rat insulinoma poly(A)+RNA;
7, 50ng of rat insulinoma poly(A)+RNA; 8, control (noRNA was added
to the assay mixture).' This autoradiogram was overexposed to show
that prI2-SV40-15, but not prI2, programs the synthesis of correctly
spliced insulin mRNA. Radioimmunoassay showed the presence of in-
sulin antigen at 227 microunits/mlhin the spent medium (sampled at
the time of RNA isolation) from culture 1; media from cultures 2-4
were below the sensitivity of the assay (<15 microunits/ml).

lication in monkey kidney cells (21-24), the increased insulin
mRNA synthesis programmed by excised prI2-SV40-46, rela-
tive to that by intact ccc plasmid, supports the copy number-gene
expression relationship. Curiously, cotransfection of the EcoRI/
BamHI fragment from pTR405 with excised prI2 or with excised
prI2-35 resulted in insulin mRNA appearance (Fig. 2a, lanes
4 and 6). Considering that recombination between transfected
DNA molecules is a rather active process (25-27), it is possible,
in the cotransfection experiments, thatthe SV40 origin becomes
spliced adjacent to the insulin coding region, resulting in rep-
lication and eventual -insulinmRNA synthesis (28).

*To simplify the introduction ofplasmids into an environment
where they can replicate and to eliminate the problem of re-
combination between heterologous transfected DNA mole-
cules, the insulin plasmids were examined in Cos cells (11).
These cells are derivatives of CV-1 cells that constitutively syn-
thesize T antigen and thus are capable of supporting the rep-
lication of SV40 tsA mutants (11) and recombinants that carry
SV40 origin of replication (23, 24, 28). When prI2-SV40-46

is introduced into Cos cells, correctly spliced insulin mRNA is
easily -detected(Fig. '2b, lanes- 1 and-5); prI2 (lane 3) and prI2-
35 (data not shown) are absolutely incapable of supporting this
expression. Surprisingly, if, the poison sequence is removed
from the pBR322 portion of prL2-SV40-46, insulin mRNA does
not accumulate to higher levels in Cos cells (data not shown).

Recently, Mellon et aL (28) showed that pBR32Z recombi-
nants carrying a SV40 origin and an intact globin gene replicate
efficiently and program correctly spliced globin mRNA synthe-
sis in Cos cells; presumably, this synthesis is the result of RNA
polymerase II recognizing the globin gene promotor since the
5' end of the globin transcripts is identical to authentic globin
mRNA. To examine the analogous situation, plasmid prI2-SV40-
15, which contains a SV40 origin separated from the insulin II
gene (Fig. le), was constructed; when introduced into Cos cells,
this plasmid inefficiently programs insulin mRNA synthesis
(Fig. 2b, lane 2). When the poison sequence is removed (Fig.
le), prI2-SV40-XF3 programs insulin mRNA synthesis more
efficiently (Fig. 2b, lane 4), albeit not as well as prI2-SV40-46
(see below and Table 1).
The results in Fig. 2 show that prI2-SV4046 is capable of

programming the synthesis of correctly spliced insulin mRNA
in cells that are permissive for SV40 infection irrespective of the
presence of T antigen. In cells incapable of supporting SV40
replication (e.g., HeLa and L cells), prI2-5V40-46 programs
insulin mRNA synthesis, but prI2 and prI2-35do not (data not
shown). These data are in accord with the observation that the
SV40 early region promotor functions constitutively in most
mammalian cells (5). Since Cos cells support the highest levels
of expression, insulin gene expression in this system was ex-
amined in greater detail.

Insulin Expression in Cos Cells. In Cos cells, the insulin
mRNA synthesized from prI2-SV40-46 is polyadenylylated and
slightly larger than authentic rat insulin mRNA (a mixture of
preproinsulin mRNA Iand mRNA II) as shown by hybridization
blot analysis. The transfected cell insulin mRNA has both in-
trons spliced exactly as found in authentic rat preproinsulin
mRNA II (data,not shown); however, the 5' end maps as a het-
erogeneous set oftermini =76-90 nucleotides from the HindIII
site in the 5'-noncoding region (Fig. 3). Early in a SV40 lytic
infection, early SV40 mRNA 5' termini map heterogeneously
=60 nucleotides upstream from the HindIII site in the 5'-non-
coding region.of the tumor antigen gene (29). Later in the in-
fection, the early gene transcripts possess 5' termini that map
even further upstream ['=100 nucleotides from the HindIII site
(30)]. This shift of transcriptional initiation during a SV40 in-
fection, and the 5' termini observed in Cos cells, may be ex-
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FIG. 3. Mappingthe 5' ends ofRNAfrom transfected Cos cells. Cos
cells were transfected (method 2) with prI2-SV40-46 at 20 ,g of DNA
per dish; RNA was isolated after three days. Assays were carried out
as described in Fig. 2 using various amounts of nuclease S1 and a 5'-
end-labeled probe extending upstream from the HindIII site of
prI2-SV40-46. The digestion products were resolved on an8% sequence
analysis gel. Lanes: 1 and 6, Mr markers (32P-labeled Hpa II-cut
pBR322; chain length in nucleotides shown alongside); 2, control (3 Ml
of nuclease Si; no RNA was added to the assay mixture); 3, transfected
cell RNA (1/20th of the material from a 15-cm dish) and 3 ,ul of nu-
clease; 4 and 5, transfected cell RNA as in lane 3, 4 and 5 Ml, respec-
tively, of nuclease.

Table 1. Insulin mRNA concentrations in Cos cells after
plasmid transfection

mRNA
prI2-SV40-46 500-1,000
prI2-SV40-15 3
prI2-SV40-15-XF3 -30

Insulin mRNA concentrations (no. of molecules per cell) were esti-
mated by comparison of nuclease S1 assay results (Fig. 2) using rat
insulinoma poly(A)+RNA as a standard. The calculation assumes that
a rat insulinoma cell contains 20 pg of RNA, 2% of which is
poly(A)+RNA and that preproinsulin II mRNA (600 nucleotides long)
represents 0.15% of the poly(A)+RNA (1); hence, there are -5 x 107
molecules of preproinsulin II mRNA in 10 ng of rat insulinoma
poly(A)+RNA.

continues to accumulate for 3 days after transfection (Fig. 4);
this is in contrast to the results in CV-IP cells in the absence
ofT antigen, where insulin mRNA levels do not increase with
time. By using rat insulinoma poly(A)+RNA as a standard to
quantitate the nuclease S1 assays, 3 days after transfection, one
finds 500-1,000 molecules of insulin mRNA per Cos cell (Table
1); this calculation is uncorrected for the fact that only a small
fraction of the cells have actually taken up functional DNA mol-
ecules (10).
When transfected Cos cells are labeled with [3S]cysteine and

the solubilized proteins are exposed to insulin antiserum, one
detects, after NaDodSO4/polyacrylamide gel electrophoresis
and autoradiography, a single polypeptide in prI2-SV40-46-
transfected cells (Fig. 5, lane 1) that is not found in prI2-35-
transfected cells (lane 3). Excess unlabeled insulin prevents the
binding of this polypeptide to the insulin antiserum (lane 2).

plained by a model relating the cooperative binding ofT antigen
to the control of early transcription (30, 31).
How much rat insulin mRNA is synthesized in the Cos cells?

Nuclease S 1 assays show that correctly spliced rat insulin mRNA
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FIG. 4. Nuclease S1 assay of insulin mRNA from transfected cells:
Time course of correctly spliced insulin mRNA accumulation pro-

grammed by prI2-SV40-46. Cos cells (lanes 1-6) were transfected
(method 1) with prI2-SV40-46 at 15 Mg of DNA per 10-cm dish. RNA
was isolated from the dishes at various times and one-half of the sam-
ple was used for the assay as described in Fig. 2. Lanes: 1, 8 hr; 2, 20
hr; 3, 32 hr; 4, 44 hr; 5, 56 hr; 6, 68 hr; 7-9, 10, 20, and 30 ng, respec-

tively, of rat insulinoma poly(A)+RNA was added to the assay mixture;
10, control (no RNA was added to the assay mixture). Radioimmu-
noassay showed the presence of insulin antigen at 22.4, 25.4,62.6,77.1,
129, and 184 microunits/ml in the spent media from cultures 1-6,
respectively.

FIG. 5. Polyacrylamide gel electrophoresis of insulin-immunopre-
cipitable proteins from transfected Cos cells. Cos cells were transfected
(method 2) with plasmid DNA and plated in 6-cm dishes. After 3 days,
the cells were labeled with [35S]cysteine at 200 uCi/ml for 4 hr and
then immunoprecipitated and electrophoresed in a NaDodSO4/poly-
acrylamide gel. Rat insulinoma poly(A)+RNA was translated in a
HeLa cell-free extract (cell-free translation was kindly carried out by
M. Morgan and A. Shatkin, Roche Institute of Molecular Biology), and
the products were similarly analyzed. Lanes: 1, prI2-SV40-46 (1/10th
of the cell extract was used for this analysis); 2, as in lane 1, except
that the immunoprecipitation was carried out in the presence of 10 ,g
of bovine insulin; 3, prI2-35 (1/10th of the cell extract was used); 4,
as in lane 3, except that 10 .g of bovine insulin was also present; 5,
cell-free translation products from rat insulinoma poly(A)+RNA. Bo-
vine proinsulin (arrow) and Mr (shown x 10-3) markers were run in a
parallel lane and visualized by Coomassie blue staining.
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This polypeptide has an electrophoretic mobility similar to that
of bovine proinsulin (8,700 daltons) and is smaller than au-
thentic rat preproinsulin (11,500 daltons; Fig. 4, lane 5). Cell-
free translation of RNA from prI2-SV40-46-transfected cells
generates an insulin-immunoreactive polypeptide that comi-
grates with rat preproinsulin (data not shown). Insulin radioim-
munoassay on spent culture media from prI2-SV40-46-trans-
fected cells detects insulin antigen (e.g., Figs. 2b and 4); in a
3-day period after transfection, =80 pmol of insulin antigen is
released from 107 cells. Labeling with [asS]cysteine shows that
the protein secreted from the cells is the same size as that found
inside the cell (data not shown).

Hence, in Cos cells, the hybrid SV40-rat insulin mRNA ap-
pears to be translated into rat preproinsulin II that is rapidly
processed (by removal ofthe signal sequence) to proinsulin. The
processing and secretion of rat proinsulin II programmed by
prI2-SV40-46 is consistent with the observations of Gruss and
Khoury (4) on rat proinsulin I production in monkey kidney
cells.

DISCUSSION
These results show that a fragment ofthe SV40 genome carrying
a functional origin of replication and the early region promotor
is capable of driving expression of the rat insulin II gene. Plas-
mid prI2-SV40-46 functions most efficiently in Cos cells, where
replication activated by the constitutively supplied T antigen
generates many copies of the recombinant genome a very short
time after transfection (23, 24, 28); the resultant gene amplifi-
cation and SV40-promoted transcription permits analyzing in-
sulin gene expression immediately (12-72 hr) after transfection.
Mutations can be introduced into the insulin gene portion of
prI2-SV40-46, and the individual variants can be isolated after
cloning in E. coli and rapidly assayed after transfection into Cos
cells (32). This sytem has proven convenient for the rapid anal-
ysis of cloned in vitro-engineered mutations because the re-
combinant plasmids are transferred directly from bacterial to
mammalian cells; in addition, unlike first-generation SV40 vec-
tor systems, there is no restriction on genome size or need to
use a helper virus. One serious disadvantage in using the SV40
early region promotor to force expression is that this approach
precludes studying transcription of the gene in question. The
related system recently described by Mellon et al. (28) is not
restricted in this sense and clearly is the method of choice to
analyze mutant genes; however, this system works only in Cos
cells and, for unexplained reasons, certain genes [,3-globin (28)
and rat insulin II] are poorly transcribed and translated (28).

Recently, it has been shown (33-36) that the SV40 early re-
gion promotor, in conjunction with other regulatory signals (for
splicing and polyadenylylation), will drive expression of several
prokaryotic genes and eukaryotic cDNA clones in both monkey
(replicative mode) and nonsimian (nonreplicative mode) cells.
The work described here confirms their observations that the
SV40 early region promotor will function in the absence or pres-
ence of T antigen to transcribe adjacent sequences on a pBR322
plasmid vector. In addition, this work shows that no regulatory
signals other than the early region promotor need be used to
force expression of a cloned eukaryotic gene that possesses its
own introns, transcriptional termination, and polyadenylylation
signals.

Although the question has not been examined here, based
on the transcriptional behavior of integrated SV40 genomes (5,
33-36), one would predict that prI2-SV40-46 would continue
to program (pro)insulin biosynthesis after selection for a trans-
formant carrying the recombinant plasmid integrated into high
molecular weight DNA. In this fashion, one could stably pro-

gram cells to manufacture proteins that they normally do not
synthesize.

I thank Steve McAndrew for superb technical assistance during the
latter stages of this work. I thank T. Roberts, S. Broome, Y. Gluzman,
D. Hanahan, and R. Cate for materials and advice. I am indebted to
M. Morgan for carrying out the cell-free translation, the Clinical Bio-
chemistry Department for insulin radioimmunoassays, the members of
the Department of Molecular Genetics for helpful criticism, and Diane
Andriola for careful preparation of this manuscript. This project was
initiated in W. Gilbert's laboratory at Harvard University.

1. Villa-Komaroff, L., Efstratiadis, A., Broome, S., Lomedico, P.,
Tizard, R., Naber, S. P., Chick, W. L. & Gilbert, W. (1978) Proc.
NatL Acad. Sci. USA 75, 3727-3731.

2. Lomedico, P., Rosenthal, N., Efstratiadis, A., Gilbert, W., Ko-
lodner, R. & Tizard, R. (1979) Cell 18, 545-558.

3. Perler, F., Efstratiadis, A., Lomedico, P., Gilbert, W., Kolod-
ner, R. & Dodgson, J. (1980) Cell 20, 555-556.

4. Gruss, P. & Khoury, G. (1981) Proc. Nati Acad. Sci. USA 78,
133-137.

5. Tooze, J., ed. (1980) Molecular Biology of Tumor Viruses (Cold
Spring Harbor Laboratory, Cold Spring Harbor, NY), Part 2.

6. Bolivar, F., Rodriguez, R. L., Greene, P. J., Betlach, M. C.,
Heyneker, H. L., Boyer, H. W., Crosa, J. H. & Falkow, S.
(1977) Gene 2, 95-113.

7. Boyer, H. W. & Roulland-Dussoix, D. (1969) J. Mol Biol. 41,
459-472.

8. Katz, L., Kingsbury, D. T. & Helinski, D. R. (1973)J. Bacteriol
114, 577-591.

9. Graham, F. L. & Van Der Eb, A. J. (1973) Virology 52, 456-467.
10. Chu, G. & Sharp, P. A. (1981) Gene 13, 197-202.
11. Gluzman, Y. (1981) Cell 23, 175-182.
12. Lomedico, P. T. & Saunders, G. F. (1976) Nucleic Acids Res. 3,

381-391.
13. Glisin, V., Crkvenjakov, R. & Byus, C. (1974) Biochemistry 13,

2633-2637.
14. Berk, A. J. & Sharp, P. A. (1978) Proc. Nati Acad. Sci. USA 75,

1274-1278.
15. Weaver, R. F. & Weissmann, C. (1979) Nucleic Acids Res. 7,

1175-1193.
16. Alwine, J. C., Kemp, D. J. & Stark, G. R. (1977) Proc. Natl. Acad.

Sci. USA 74, 5350-5354.
17. Mulligan, R. C., Howard, B. H. & Berg, P. (1979) Nature (Lon-

don) 277, 108-114.
18. Kessler, S. W. (1975) J. Immunol 115, 1617-1624.
19. Laemmli, U. K. (1970) Nature (London) 227, 680-685.
20. Roberts, T. M., Bikel, I., Yocum, R. R., Livingston, D. M. &

Ptashne, M. (1979) Proc. Natl Acad. Sci. USA 76, 5596-5600.
21. Hanahan, D., Lane, D., Lipsich, L., Wigler, M. & Botchan, M.

(1980) Cell 21, 127-139.
22. Peden, K. W. C., Pipas, J. M., Pearson-White, S. & Nathans, D.

(1980) Science 209, 1392-1396.
23. Myers, R. M. & Tjian, R. (1980) Proc. Natl Acad. Sci. USA 77,

6491-6495.
24. Lusky, M. & Botchan, M. (1981) Nature (London) 293, 79-81.
25. Lai, C.-J. & Nathans, D. (1974)J. MoL Biol, 89, 179-193.
26. Winocour, E. & Keshet, I. (1980) Proc. Nati Acad. Sci. USA 77,

4861-4865.
27. Perucho, M., Hanahan, D. & Wigler, M. (1980) Cell 22, 309-

317.
28. Mellon, P., Parker, V., Gluzman, Y. & Maniatis, T. (1981) Cell

27, 279-288.
29. Haegeman, G. & Fiers, W. (1980) J. ViroL 35, 955-961.
30. Ghosh, P. K. & Lebowitz, P. (1981) J. Virol 40, 224-240.
31. Myers, R. M., Rio, D. C., Robbins, A. K. & Tjian, R. (1981) Cell

25, 373-384.
32. Lomedico, P. T. & McAndrew, S. J. (1982) Nature (London), in

press.
33. Mulligan, R. C. & Berg, P. (1980) Science 209, 1422-1427.
34. O'Hare, K., Benoist, C. & Breathnach, R. (1981) Proc. Nati

Acad. Sci. USA 78, 1527-1531.
35. Subramani, S., Mulligan, R. & Berg, P. (1981) MoL CelL BioL 1,

854-864.
36. Mulligan, R. C. & Berg, P. (1981) Proc. Natd Acad. Sci. USA 78,

2072-2076.

1550002 Biochemistry: lomedico


