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The human insulin gene or the corresponding ¢cDNA
has been inserted into the early region of a simian virus
40 vector in which all SV40 splice junctions were de-
leted while the early promoter and polyadenylation
regions remained intact. The expression of insulin-cod-
ing sequences was tested in permissive monkey COS
cells.

The insulin ¢cDNA was transcribed from the early
promoter to produce a stable polyadenylated RNA
which was translated, and immunoreactive human
proinsulin accumulated in the medium. Thus RNA
splicing is not obligatory for insulin expression in this
system.

The genomic insulin transcript was also initiated
from the SV40 promoter and terminated at the SV40
polyadenylation site. S1 endonuclease mapping re-
vealed that the transcript is processed via two alter-
native splicing pathways within the insulin gene. About
one-third of the total transcripts are processed nor-
mally with removal of the two insulin-specific introns.
This transcript is apparently translated normally since
immunoreactive proinsulin accumulates in the me-
dium.

About two-thirds of the transcripts are processed via
an alternative splicing pathway involving a new splice
acceptor site located within the coding region of the
insulin gene. This results in a codon frameshift such
that translation would produce a novel chimeric pep-
tide containing the insulin NH,-terminal B chain, but a
different COOH terminus containing human and SV40
sequences. A peptide of the predicted size is detected in
the COS cell extract.

Most eukaryotic genes are mosaic structures in which the
coding regions (exons) represented in the mRNA are inter-
rupted by intervening sequences (introns) which are subse-
quently removed from the primary transcript by RNA splicing
(Sharp, 1982). In most cellular genes thus far studied, the
primary transcript givesrise to a single mature mRNA species.
There are however notable exceptions in which alternative
splicing is employed: in the early gene of SV40, two donor
sites are spliced to one common acceptor site (Berk and Sharp,
1978). In the adenovirus 2 late genes, one donor site is spliced
to several acceptor sites (Chow et al., 1977). Alternative RNA
splicing pathways also contribute to the diversity of the
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expression of immunoglobulin genes (Marcu, 1982), calcitonin
(Rosenfeld et al., 1982; Amara et al., 1982), and to the tissue-
specific expression of salivary and liver amylase (Young et al.,
1981).

The nucleotide sequence of the human insulin gene and its
flanking regions has been determined (Bell ef al., 1979, 1980).
A comparison of the human insulin gene with the insulin
c¢DNA and with other insulin genes indicates that this gene
has two intervening sequences. Although the DNA sequence
provides crucial structural information, it does not decisively
locate the boundary region for the RNA splicing junction nor
the regions regulating gene expression. To elucidate these
features biological systems must be employed.

We have used SV40 as a vector to express the human insulin
gene in permissive monkey cells. This system is particularly
useful for these and other studies because during infection the
virus reaches high titer within the cells and consequently high
levels of transcription are achieved. For these experiments our
construction employed the SV40 early promoter but the SV40
splice sites were eliminated. A full length cDNA was inserted
to test for the effect of introns on the expression of insulin-
coding sequences. Introns are required for effective expression
of the mouse 8™ globin gene in another SV40 vector-host
system (Hamer and Leder, 1979).! We show that cultured
transformed monkey cells infected with this SV40-insulin
recombinant express high levels of insulin-coding mRNA
without splicing and secrete immunoreactive proinsulin into
the medium. The transcripts from the genomic human insulin
DNA were processed by two splicing pathways. In the first,
the precursor RNA is processed normally; in the second, a
new splice acceptor site is recruited from within the insulin-
coding sequences.

MATERIALS AND METHODS

Enzymes and Radioisotopes—Restriction enzymes were pur-
chased from Bethesda Research Laboratories or New England Bio-
labs. Escherichia coli polymerase I, T4 polynucleotide kinase, and
T4 DNA ligase were from New England Biolabs. SI nuclease was
obtained from Miles Laboratories. All radioisotopes were from Amer-
sham.

Cell Transfection and Virus Strain—The construction of SV40-
insulin recombinants is described in the results sections. Transformed
African green monkey (COS-7) cells (Gluzman, 1981) were maintained
in Dulbecco’s modified Eagle’s medium containing penicillin, strep-
tomycin, and 10% fetal calf serum. Twenty-four hours after seeding
(1.5 x 10° cells/10-cm plate), the cultures were transfected by the
CaPO, procedure (Graham and Van Der Eb, 1973; Parker and Stark,
1979). 5-10 pg of circularized SV40-insulin recombinant DNA were
used for each plate and virus stocks were prepared from cell lysates
14-21 days after transfection. The titer of the recombinant viruses
was estimated by comparison with wild type virus stock of known
titer, assayed under the same conditions. The comparisons were
performed by comparing cytopathic effects of the two stocks and
alternatively by comparing amounts of free viral DNA (Hirt, 1967)
48-h post-infection.

' A. Buchman and P. Berg, personal communication.
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F1G. 1. SV40-Human insulin re-
combinant designed to express the
human insulin sequences. The insulin
sequences are indicated by the dark
solid line, and the coding sequences are
indicated by three blocks. The details for
these constructions are summarized in
the text.
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DNA Preparations—SV40 strain 777 DNA was used for the con-
struction of the SV40 vectors. The Hincll/BamHI human insulin
DNA fragment was purified from pIns96 which is a subclone of
pHi300 (Bell ef al., 1980). All SV40 and human DNA fragments were
purified by agarose gel electrophoresis. DNA fragments were eluted
by shaking the gel in 0.2 M NaCl, 1 mm EDTA, 10 mMm Tris, pH 7.5.
Eluted DNA was filtered through GF/C filters and concentrated with
butanol-1. Fragments were ligated as described by Maniatis et al.
(1978) and SV40-insulin recombinants were cloned in pBR322 and
amplified in E. coli (Clewell and Helinski, 1969). SV40-insulin recom-
binant DNA was extracted from infected COS cells as described (Hirt,
1967; Randloff et al., 1967). Preparation of uniformly labeled viral
DNA has been previously described (Zasloff et al., 1982}. End-labeled
DNA probes were prepared by using T4 DNA polymerase for 3’ end
labeling (O’Farrell et al., 1980) and T4 polynucleotide kinase for 5’
end labeling (Maxam and Gilbert, 1980).

Analysis of RNA—Polyadenylated and nonpolyadenylated cyto-
plasmic mRNAs from COS cells infected at a multiplicity of 10-100
plaque-forming units/cell with the LSV insulin recombinants were
isolated as described previously (Laub and Aloni, 1975). Mapping of
RNAs by the S} method of Berk and Sharp (1977) was done with
labeled insulin probes prepared from LSV;.. DNA. After hybridization
at 50-52 °C for 4 h, the DNA:RNA hybrids were digested with 1000
units of S1 nuclease, denatured with formamide, and analyzed by
electrophoresis on a 5% polyacrylamide, 8 M urea gel (Maxam and
Gilbert, 1980). For Northern analysis polyadenylated RNA was elec-
trophoresed on a methyl mercury gel (Alwine et al., 1977) and blotted
onto nitrocellulose paper. The resulting blot was hybridized to a nick-
translated insulin probe (Maniatis ef al., 1978), washed with 0.1 x
SSC at 50 °C, and autoradiographed.

Protein Analysis—COS cells were infected with the LSVi..2 or
LSVinC2 virus stocks at 10-100 plaque-forming units/cell. Cells were
maintained for 24 h in cysteine-depleted medium followed by 6-h
labeling with 10 uCi/ml of L-[**S]cysteine. Cell lysate or culture
medium was immunoprecipitated with guinea pig anti-bovine insulin
serum and analyzed on a 12.5% acrylamide/sodium dodecyl sulfate

2 The abbreviations used are: LSVin, late simian virus 40-insulin
recombinant; ESV,,, early simian virus 40-insulin recombinant;
LSVsC2, late simian virus 40-insulin cDNA recombinant; LSV,.2,
late simian virus 40-insulin genomic recombinant; Pipes, 1,4-pipera-
zinediethanesulfonic acid; pLSV, late simian virus 40 vector.
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gel (Laemmli, 1970). Quantitative radioimmunoassays were per-
formed as described (Rall et al., 1973).

RESULTS

Construction of SV40-Human Insulin DNA Recombi-
nants—Fig. 1 summarizes the procedure for constructing the
SV40-insulin recombinants. The LSV vector was generated
from an SV40 genome inserted in the BamHI site of pBR322
(pSV40) and amplified in E. coli GM48 cells. pSV40 was
linearized by partial digestion with HindIII restriction endo-
nuclease (SV40 nucleotide 5107) followed by S1 treatment to
produce blunt ends. The linear pSV40 DNA was digested with
Bell restriction endonuclease (SV40 nucleotide 2706) and the
7.2-kilobase pair pLSV vector was purified by preparative
agarose gel electrophoresis. The resulting pL.SV vector con-
tains the SV40 origin of replication and the coding information
for the SV40 late genes. Most of the coding region for the
SV40 early genes (nucleotides 5107 to 2706) was deleted from
the pLSV vector. The vector retains the early SV40 promoters
and 105 noncoding nucleotides downstream from the 5’ end as
well as 136 nucleotides prior to the polyadenylation site at the
3’ end of the early gene region. In pLSV;,,C2 a 545-bp BamHI/
EcoRI blunt-ended insulin ¢cDNA fragment was inserted in
this site. The human insulin gene including 69 nucleotides in
the 5’ flanking and 119 nucleotides in the 3’ flanking region
was present in the 1603-bp Hincll/BamHI fragment that was
used in all the insulin genomic recombinants. In LSV;,.2 the
1603-bp insulin fragment was inserted 105 bp downstream
from the early SV40 major cap site. In LSV, LP the late SV40
leader sequences (SV40 nucleotides 234-437) are placed be-
tween the SV40 early promoter and the human insulin gene.
In LSV, LP2, the late SV40 promoter and leader (SV40
nucleotides 140-437) were inserted between the early SV40
promoter and insulin gene. The constructions of the late SV40
replacement recombinant, ESVy,,, and the nonexpressing
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