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ABSTRACr We have cloned double-stranded cDNA copies
of a rat preproinsulin messenger RNA in Escherichia coli X1776,
using the unique Pst endonuclease site of plasmid pBR322 that
lies in the region encoding amino acids 181-182 of penicillinase.
This site was reconstructed by inserting the cDNA with an oli-
go(dG)oligo(dC) joining procedure. One of the clones expresses
a fused protein bearing both insulin and penicillinase antigenic
determinants. The DNA sequence of this plasmid shows that
the insulin region is read in phase; a stretch of six glycine resi-
dues connects the alanine at position 182 of penicil inase to the
fourth amino acid, glutamine, of rat proinsulin.
Can the structural information for the production of a higher
cell protein be inserted into a plasmid in such a way as to be
expressed in a transformed bacterium? To attack this problem,
we used as a model rat insulin, an interesting protein that can
be identified by immunological and biological means.

Although mature insulin contains two chains, A and B, it is
the product of a single longer polypeptide chain. The hormone
is initially synthesized as a preproinsulin structure (1, 2). A
hydrophobic leader sequence of 23 amino acids at the amino
terminus of the nascent chain is cleaved off, presumably as the
polypeptide chain moves through the endoplasmic reticulum
(2-4), producing a proinsulin molecule. The proinsulin chain
folds up and then the C peptide is cleaved from its middle (5).
Thus each of the two (nonallelic) insulin genes in the rat (6-8)
encodes a polypeptide 109 amino acids long, whose initial
structure is NH2-leader sequence-B chain-C peptide-
A chain.

Ullrich et al. (9) have cloned double-stranded cDNA copies
of rat preproinsulin mRNA isolated from pancreatic islets and
determined sequences covering much of those two genes. We
have made double-stranded cDNA copies of mRNA from a rat
insulinoma (10) and cloned these in the Pst (Providencia
stuartli endonuclease) site of pBR322 (11), which lies within
the penicillinase gene.
The Escherichia coil penicillinase is a periplasmic protein,

the gene for which was recently sequenced (12). Penicillinase
is synthesized as a preprotein with a 23 amino acid leader se-
quence (12, 13), which presumably serves as a signal to direct
the secretion of the protein to the periplasmic space, and is re-
moved as the protein traverses the membrane. Insertion of the
structural information for insulin into the penicillinase gene
should cause expression of the insulin sequence as a fusion
product transported outside the cell.

MATERIALS AND METHODS
Bacterial Strains. E. coli K-12, strain HB101 [hsm-, hrs-,

recA-, gal-, pro-, strr (14)] was initially obtained from H.
Boyer. E. coli K-12 strain X1776 (15) (F-, tonA53, dapD8,
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minAl, supE42, A40[gal-uvrB], X-, minB2, rfb-2, nalA25,
oms-2, thyA57, metC65, oms-1, A29[bioH-asd], cycB2, cycAl,
hsdR2) was provided by R. Curtiss.
DNA and Enzymes. pBR322 DNA, a gift from A. Poteete,

was used to transform E. coil HB101. Plasmid DNA was puri-
fied according to the procedure of Clewell (16). Avian myelo-
blastosis virus reverse transcriptase (RNA-dependent DNA
polymerase), E. coli DNA polymerase I, and terminal trans-
ferase were gifts from T. Papas, M. Goldberg, and J. Wilson,
respectively. Restriction enzymes were purchased from Be-
thesda Research Labs and New England BioLabs.
RNA Purification. An x-ray-induced, transplantable rat beta

cell tumor (10) was used as source of preproinsulin mRNA.
Tumor slices (20 g per preparation) were homogenized, and a
cytoplasmic RNA (about 2 mg/g of tissue) was purified from
a postnuclear supernatant by Mg2+ precipitation (17), followed
by extraction with phenol and chloroform, and enriched for
poly(A)-containing RNA by oligo(dT)-cellulose chromatogra-
phy (18). About 4% of the material binds to the column (data
from eight preparations). Further purification of the oli-
go(dT)-cellulose-bound material by sucrose gradient centrif-
ugation and/or polyacrylamide gel electrophoresis showed that
the preproinsulin mRNA was a minor component of the
preparation.

Double-Stranded cDNA Synthesis. Oligo(dT)-cellulose-
bound RNA was used directly as template for double-stranded
cDNA synthesis (19), except that a specific p(dT)gdG-dC primer
(Collaborative Research) was utilized for reverse transcription.
The concentrations of RNA and primer were 7 mg/ml and 1
mg/ml, respectively. All four [a-32P]dNTPs were at 1.25 mM
(final specific activity 0.85 Ci/mmol). The reverse transcript
was 2% of the input RNA, and 25% of it was finally recovered
in the double-stranded DNA product.

Construction of Hybrid DNA Molecules. pBR322 DNA (5.0
,ug) was linearized with Pst, and approximately 15 dG residues
were added per 3' end by terminal transferase at 15° in the
presence of 1 mM Co2+ (20) and autoclaved gelatin at 100
Mg/ml. Similarly, dC residues were added to 2.0,g of dou-
ble-stranded cDNA, which was then electrophoresed in a 6%
polyacrylamide gel. Following autoradiography, molecules in
the size range of 300 to 600 base pairs (0.5 ,g) were eluted from
the gel (21). Size selection was done after tailing rather than
before because previous experience had indicated that occa-
sionally impurities contaminating DNA extracted from gels
inhibits terminal transferase. The eluted double-stranded cDNA
was concentrated by ethanol precipitation, redissolved in 10
mM Tris-HCI at pH 8, mixed with 4 jig of dG-tailed pBR322,
and dialyzed versus 0.1 M NaCI/10 mM EDTA/10 mM Tris,
pH 8. The mixture (4 ml) was then heated at 560 for 2 min, and
annealing was performed at 420 for 2 hr. The hybrid DNA was
used to transform E. coil X1776.
Transformation and Identification of Clones. Transfor-

mation of E. coil X1776 (an EK2 host) with pBR322 (an EK2
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vector) was performed in a biological safety cabinet in a P3
physical containment facility in compliance with NIH guide-
lines for recombinant DNA research published in the Federal
Register [(1976) 41,27902-27943].

X1776 was transformed by a transfection procedure (22)
adapted to X1776 by A. Bothwell (personal communication)
and slightly modified as follows: X1776 was grown in L broth
(23) supplemented with diaminopimelic acid at 10 Mug/ml and
thymidine (Sigma) at 40 ,ug/ml to OD59o of 0.5. Cells (200 ml)
were sedimented at 500 X g and resuspended by swirling in
1/10th vol of cold buffer containing 70mM MnCl2, 40mM Na
acetate at pH 5.6, 30 mM CaCl2, and kept on ice for 20 min.
The cells were repelleted and resuspended in l/30th of the
original volume in the same buffer. Two milliliters of the an-

nealed DNA preparation was added to the cells Aliquots of this
mixture (0.3 ml) were placed in sterile tubes and incubated on
ice for 60 min. The cells were then placed at 370 for 2 min.
Broth was added to each tube (0.7 ml) and the tubes were in-
cubated at 370 for 15 min; 200 Ml of the cells was spread on

sterile nitrocellulose filters (Millipore) overlaying agar plates
containing tetracycline at 15 ,ug/ml. (The filters were boiled
to remove detergents before use.) The plates were incubated
at 37° for 48 hr. Replicas of the filters were made by a proce-

dure developed by D. Hanahan (personal communication): The
nitrocellulose filters containing the transformants were removed
from the agar and placed on a layer of sterile Whatman filter
paper. A new sterile filter was placedon top of the filter con-

taining the colonies and pressure was applied with a sterile
velvet cloth and a replica block. A sterile needle was used to
key the filters. The second filter was placed on a new agar plate
and incubated at 370 for 48 hr. The colonies on the first filter
were screened by the Grunstein-Hogness technique (24), using
as probe an 80-nucleotide-long fragment produced by Hae III
digestion of high specific activity cDNA (9). Positive colonies
were rescreened by hybrid-arrested translation (25) as described
in the legend of Table 1.

Radioimmunoassays. Two-site solid-phase radioimmuno-
assays were performed (28). Cells from colonies to be tested
were transferred with an applicator stick onto 1.5% agarose
containing 30mM Tris.HCI, pH 8, lysozyme at 0.5 mg/ml, and
10mM EDTA; released antigen was adsorbed to an IgG-coated
polyvinyl disk during a 1-hr incubation at 40. The wash buffer
contained streptomycin sulfate at 300 Mg/ml and normal guinea
pig serum (Grand Island Biological Co.) instead of normal
rabbit serum. Guinea pig antiserum to bovine insulin was

purchased from Miles Laboratories.
Standard (liquid) radioimmunoassays were performed using

the back titration procedure employing alcohol precipitation
of insulin-antibody complexes (29).
DNA Sequencing. DNA sequencing was performed as de-

scribed by Maxam and Gilbert (30).

RESULTS
Construction and Identification of cDNA Clones. We

isolated poly(A)-containing RNA from a transplantable rat
insulinoma. This preparation contained preproinsulin mRNA,
because it directed the synthesis in a cell-free system of a

product precipitable with anti-insulin antibody (data not
shown). However, the mRNA yield after further purification
was not sufficient for cloning, and therefore we decided to clone
cDNA synthesized from the total preparation. In an attempt
to enrich the reverse transcript for insulin sequences, we utilized
the DNA sequence reported by Ullrich et al. (9) to choose a

specific primer, (dT)8dG-dC. The product of double-stranded
cDNA synthesis (19) was extended by a short oligo(dC) tail
about 15 nucleotides in length, and sized on a polyacrylamide

Table 1. Hybrid-arrested translation and immunoprecipitation
of the cell-free products

Radioactivity, cpm/20 Al
Immuno- %

Source of Acid precipitable Immuno-
arresting DNA insoluble - Insulin + Insulin precipitable*

Control I
(-DNA, -RNA)t 2,570

Control II
(-DNA, +RNA)t 35,700 12,300 310 36.2

pBR322 28,800 7,850 245 29.0
Clone 3 15,100 3,630 264 26.9
Clone 13 19,600 5,190 350 28.4
Clone 15 18,600 4,850 252 28.7
Clone 16 29,200 8,830 247 32.2
Clone 17 24,000 6,700 316 30.0
Clone 18 15,900 3,690 251 25.8
Clone 19 8,650 587 277 5.0
Clone 20 15,100 4,070 231 30.6
Clone 21 21,100 5,170 223 26.7

Plasmid DNA (about 3Mug) was digested with Pst, precipitated with
ethanol, and dissolved directly in 20 Ml of deionized formamide. After
heating for one minute at 950 each sample was placed on ice. Following
the addition of 1.5 ztg of oligo(dT)-cellulose-bound RNA, pipera-
zine-N,N'-bis(2-ethanesulfonic acid) (Pipes) at pH 6.4 to 10 mM, and
NaCl to 0.4 M, the mixtures were incubated for 2 hr at 50°. They were
then diluted by the addition of 75 1M of H20 and ethanol precipitated
in the presence of 10 &g of wheat germ tRNA, washed with 70% (vol/
vol) ethanol, dissolved in H20, and added to a wheat germ cell-free
translation mixture (26) containing 10 M&Ci of [3H]leucine (60 Ci/
mmol). Fifty-microliter reaction mixtures were incubated at 230 for
3 hr and then duplicate 2-Mul aliquots were removed for trichloroacetic
acid precipitation. From the remainder two 20-MAl aliquots were treated
with ribonuclease, diluted with immunoassay buffer, and analyzed
for the synthesis of immunoreactive preproinsulin by means of a
double antibody immunoprecipitation (27) in the absence or presence
of 10 Mg of bovine insulin. The washed immunoprecipitates were
dissolved in 1 ml ofNCS (Amersham) and assayed in 10 Mll of Omni-
fluor (New England Nuclear) by liquid scintillation counting.
* Calculated using the formula [(immunoprecipitable radioactivity
in the absence of insulin) - (immunoprecipitable radioactivity in
the presence of insulin)]/[(acid-insoluble radioactivity) - (acid-
insoluble radioactivity of control I)].

t Reaction mixture incubated in the absence of added RNA.
Cell-free translation by the direct addition of oligo(dT)-cellulose-
bound RNA into the reaction mixture.

gel. A broad size cut averaging 500 base pairs was selected in
order to enrich for full-length sequences. We inserted these
molecules ipto the Pst site of pBR322 after elongating the 3'-
terminal extension of the cleavage site with oligo(dG). We used
this oligo(dG).oligo(dC) joining procedure in order to recon-
struct the Pst recognition sequence (ref. 31; W. Rowenkamp
and R. Firtel, personal communication); approximately 40%
of the inserts were excisable with Pst after cloning. From about
0.25 .ug of tailed cDNA we obtained 2355 transformants in E.
colh strain X1776. To identify clones containing insulin se-
quences, we first screened one-third of the transformants, using
as a probe an 80-nucleotide-long Hae III fragment of cDNA
synthesized from oligo(dT)-bound RNA because the results of
Ullrich et al. (9) suggested that such a fragment should be in-
sulin specific. About 20% of the clones were positive, but re-
striction analysis of plasmid DNA from a few candidates
showed that the inserts were not insulin sequences. We con-
cluded that our probe was not pure and rescreened some of the
positive clones, using hybrid-arrested translation (25). This
method is based on the principle that mRNA in the form of an
RNA-DNA hybrid does not direct cell-free protein synthesis.
We incubated aliquots of oligo(dT)-bound RNA with linearized

Proc. Nati. Acad. Sci. USA 75 (1978)
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FIG. 1. Restriction map of the insertion in clone pI19. Each restriction site is identified by a number indicating the 5'-terminal nucleotide

generated by cleavage at the message strand. Nucleotides are numbered beginning with the first base of the sequence encoding proinsulin. Nu-
cleotides in the 5' direction from position 1 in the message strand are identified by negative numbers, beginning with -1. Arrows indicate the
sequenced fragments; those pointing to the left indicate sequences derived from the antimessage strand, and those pointing to the right indicate
sequences derived from the message strand. The uniquely labeled restriction fragments were generated as follows: Following excision with Pst,
DNA of the insertion was digested with Ava II and end labeled. Fragments A and C purified from a polyacrylamide gel were sequenced directly
because the Pst ends do not label significantly. Fragment B was strand separated on a polyacrylamide gel and sequenced in both directions.
The exact number of C-G pairs in the right-hand tail before the Pst site could not be counted.

DNA from nine clones under conditions favoring DNA-RNA
hybridization (32), added them to cell-free translation systems,
and assayed for a specific inhibition of insulin synthesis. Table
1 shows that one of the plasmids, pI19, inhibited the synthesis
of immunoprecipitable material. Restriction endonuclease
digestions of the Pst-excised insert of pI19 with several enzymes
generated fragments whose sizes were consistent with the se-
quence of Ullrich et al. (9). We confirmed the presence of in-
sulin DNA in pI19 by direct DNA sequence analysis and
screened the rest of the clones with purified p119 insert labeled
by nick translation. About 2.5% (48/1745) of the clones hybrid-
ized strongly to this probe. There must have been enrichment
for insulin sequence at some step of our procedure, because
hybridization analysis using cloned insulin DNA as probe
showed the presence of only 0.3% insulin mRNA in the original
oligo(dT)-bound RNA.

Sequence Information. Fig. 1 shows the restriction map of
the insertion in clone p119 and Fig. 2 shows the sequence of the
insert. It corresponds to rat insulin I (5, 33) and encodes the
entire preproinsulin chain with the exception of the first two
amino acid residues of the reported preregion (1). It therefore
extends the sequence determined by Ullrich et al. (9) by
twenty-five 5'-terminal nucleotides. It also verifies the reported
amino acid residues for positions -14, -17, -18, and -20; it
identifies the previously uncertain residue -15; and it identifies
the unknown residue -19. However, the residues at positions
-16 and -21 differ from those reported (1).
The sequence deviates from that determined by Ullrich et

al. (9) at the region immediately after the UGA terminator,
where a GAGTC sequence occurs, predicting a Hinf cleavage

site that we have experimentally verified. Furthermore, only
moderate agreement exists between the two sequences for the
next 15 nucleotides of the 3' untranslated region.

Expression. Almost two-thirds of the clones carrying inserts
were ampicillin resistant; thus the active site of penicillinase
must lie between amino acid residues 23 and 182 (12). The
degree of resistance was variable, suggesting the expression of
different sequences from the inserts in the form of fused
translation products, probably differing in length and stabili-
ty.
We therefore screened colonies of the 48 clones containing

insulin sequence for the presence of insulin antigenic deter-
minants, using a solid-phase radioimmunoassay (28). Polyvinyl
sheets coated with antibody molecules will bind specific anti-
gens released from bacteria. The immobilized antigen can then
be detected by autoradiography following exposure of the sheets
to '25I-labeled antibody. This method permits detection of as
little as 10 pg of insulin in a colony. We coated plastic disks with
anti-insulin antibody and used 125I-labeled anti-insulin to detect
solely insulin antigenic determinants. Disks coated with anti-
penicillinase antibody and exposed to 125I-anti-insulin detect
the presence of a fused protein, as do disks coated with anti-
insulin and exposed to radioiodinated anti-penicillinase.
One clone, pI47, gave positive responses with all of the

combinations described above; this indicates the presence of
a penicillinase-insulin hybrid polypeptide. Fig. 3 shows some
of the results. To determine whether this fused protein is se-
creted, we grew clone p147 in liquid culture and extracted the
proteins in the periplasmic space by osmotic shock, a method
that does not lyse bacteria (34). Fig. 4 shows that the insulin

-21 -
TrpMetArgPheLeuPrcLeuLeuAlaLeuLeuValLeuTrpJZuProLysProAZa-lonAla

(C)TGCAGGGGGGGGGGGGGGGGTGGATGCGCTTCCTGCCCCTGCTGGCCCTGCTCGTCCTCTGGGAGCCCAAGCCTGCCCAGGCT
(G ACGTCCCCCCCCCCCCCCCCACCTACGCGAAGGACGGGGACGACCGGGACGAGCAGGAGACCCTCGGGTTCGGACGGGTCCGA -1

Pst HhaI HaeIII

1 + 33

PheValLysCInHisLeuCysGlyProHisLeuValGluAlaLeuTrLeuValCysgZlGluArgGlyPhePheTarThrProLysSerArgArgGiu
TTTGTCAAACAGCACCTTTGTGGTCCTCACCTGGTGGAGGCTCTGTACCTGGTGTGTGGGGAACGTGGTTTCTTCTACACACCCAAGTCCCGTCGTGAA

1 AAACAGTTTGTCGTGGAAACACCAGGAGTGGACCACCTCCGAGACATGGACCACACACCCCTTGCACCAAAGAAGATGTGTGGGTTCAGGGCAGCACTT 99
AvaII MboI I

3466VaIGCuAspProGEnVa2ProG1nLeuGZuLeuGlyGlyG1yProG1uA aGZyAspLeuGZnThrLeuAZaLeu>CgoVaIAOaArgClnLysArgtly
GTGGAGGACCCGCAAGTGCCACAACTGGAGCTGGGTGGAGGCCCGGAGGCCGGGGATCTTCAGACCTTGGCACTGGAGGTTGCCCGGCAGAAGCGTGGC

100 CACCTCCTGGGCGTTCACGGTGTTGACCTCGACCCACCTCCGGGCCTCCGGCCCCTAGAAGTCTGGAACCGTGACCTCCAACGGGCCGTCTTCGCACCG 198
AvaII Alul HaeIII HaeIII MboII HpaII

HpaII HpaII

67 86
IleValAspGlnCysCysThrSerIleCysSerLeuTyrGlnLeuGtuAsnTyrCysAsn
ATTGTGGATCAGTGCTGCACCAGCATCTGCTCCCTCTACCAACTGGAGAACTACTGCAACTGAGTCCACCACTCCCCGCCCCC .....

199 TAACACCTAGTCACGACGTGGTCGTAGACGAGGGAGATGGTTGACCTCTTGATGACGTTGACTCAGGTGGTGAGGGGCGGGGG.....
Hinf

FIG. 2. DNA sequence of the insertion in clone pI19. Nucleotides are numbered using the convention described in Fig. 1. Accordingly, amino
acids are numbered beginning with the first amino acid of proinsulin, while the last amino acid of the leader sequence (pre region) is numbered
as -1. Restriction endonuclease cleavage sites experimentally verified are underlined and identified. The arrows indicate, in order, the ends
of the leader sequence and the peptides B, C, and A. Two nucleotides indicated by double underlining are uncertain.
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FIG. 3. Initial detection of penicillinase-insulin hybrid poly-
peptides in an insulin cDNA clone. Cells from colonies of the 48 insulin
cDNA clones and from control colonies, X1776 and x1776-pBR322,
were applied to an agarose/lysozyme/EDTA plate. Positive controls,
5 ng of insulin and 5 ng of penicillinase, each in 1 Al of wash buffer,
also were spotted on plate. Antigen was adsorbed to an IgG-coated
polyvinyl disk during a 1-hr incubation at 4°. Immobilized antigen
was labeled by setting the plastic disk on a solution containing ra-

dioiodinated anti-insulin IgG. The autoradiographs are of disks
precoated with anti-insulin IgG (A) or anti-pencillinase IgG (B), ex-

posed on Kodak X-Omat R film using a Du Pont Cronex Lightning
Plus intensifying screen for 12 hr at -70°. The arrows indicate the
signal generated by clone pI47. The large exposed area in the lower
right of (A) is the positive control for insulin detection.

antigen was recovered in the distilled water wash of the shock
procedure. Table 2 shows that the insulin antigen in the wash
is also detectable and quantifiable by a standard radioimmu-
noamay. The yield of antigen depended on the growth medium;
antigen was released by cells grown in M9/glucose/amino acids
medium but not by cells grown in brain/heart infusion. We
estimate a recovery of about 100 molecules per cell.

Structure of the Fused Protein. We sequenced p147 to de-
termine the sequence around the junctions. Fig. 5 shows that
a proinsulin I cDNA lies in the Pst site in the correct orientation
and in phase, so that a fused protein can be syntheszed. In pR19,
the insert is in the correct orientation, but not in phase. In pI47
the oligo(dG)oligo(dC) region encodes six glycines that connect
the penicillinase sequence, ending at amino acid 182 (alanine),
to the fourth amino acid (glutamine), of the proinsulin se-

quence. The cDNA sequence in p147 extends 26 base pairs past
the UGA terminator. Thus, we infer the structure of the fused
protein to be penicillinase(24-182)-(Gly)6-proinsulin(4-86).

DISCUSSION
The coding regions of eukaryotic structural genes are often
interrupted by introns (35-38), whose transcripts are spliced
out of the mature mRNA. Because prokaryotes do not appear
to process their messengers, double-stranded cDNA made from
a mature messenger is the material of choice to carry eukaryotic
structural information into bacteria.
By using cDNA cloning technology and an extremely sen-

sitive method to assay expression, we were able to construct a

derivative of E. coli strain X1776 carrying an insulin gene se-

quence and to detect the synthesis and secretion into the peri-
plasmic space of a fused protein carrying antigenic determi-
nants of both insulin and penicillinase. This was accomplished
simply by inserting double-stranded cDNA carrying the
structural information for insulin into a restriction site within
the structural gene for penicillinase. Not only is the fused DNA
sequence expressed as a chain of amino acids, but also the
polypeptide folds so as to reveal insulin antigenic shapes. Thus
we expect soon to be able to demonstrate biological function
for this, or for a similar, fused protein.
We anticipate that the joining of cDNA sequences to nu-

cleotides that lie ahead of the Pst site in the penicillinase gene

Table 2. Immunoreactive insulin concentration in distilled water
wash of osmotic shock procedure

Insulin,
Exp. Aunits/ml Cells/ml

1 318 1.5 X 1010
2 166 6.0X 109
3 386 4.2 X 1010

Duplicate 0.1-ml aliquots of each sample prepared as described in
the legend to Fig. 4 were assayed (29) in a final volume of 0.4 ml using
rat insulin standard, a gift from J. Schlichtkrull One unit = 48 ug. The
NaClt/ris wash, the 20% sucrose wash, and the media of X1776-pI47
as well as the water wash from osmotic shock of x1776-pBR322 gave
values below the sensitivity of the assay (25 Aunits/ml).

will also produce fused and secreted molecules. Moreover, if
the fusion replaces the preproinsulin leader with that of peni-
cillinase it is likely that the new protein will also be secreted by
the E. colh cell and may even be correctly matured by cleavage
of the leader sequence.

Clearly, we have exploited a general method that should lead
to the expression and secretion of any eukaryotic protein pro-
vided another protein, such as penicillinase, will serve as a
carrier, by virtue of its leader sequence. Moreover, the secretion
of the eukaryotic protein sequence to the periplasm or extra-
cellular space will both permit its harvest in a purified form and
probably eliminate intracellular sources of instability.

Often just an expression of antigens is the goal In a "shotgun"
screening, the existence of a fused protein antigen could be used
to identify transformants carrying desired eukaryotic gene
fragments On the other hand, the insertion of a DNA fragment
coding for surface antigenic determinants of a virus into a
carrier protein should lead to the secretion of a fused protein
that could serve as a vaccine, even though no entirely correct
virus product is ever produced.

/ p I47 M 1W 2W S/T OS \

p I47 M W 2W S/T OS \

PBR322 M 1W 2W SJT OS

FIG. 4. Release of insulin antigen from X1776-pI47 cells by os-
motic shock. One liter of X1776-pI47 cells growing at 370 in M9 me-
dium supplemented with 1 g of tryptone, 0.5 g of yeast extract, and
0.5% glucose was harvested at a density of 5 X 107 cells per ml and
washed two times in 10 ml of cold 10 mM Tris-HCl, pH 8/30 mM
NaCl. The cells were then osmotically shocked (34) in the following
manner: The final wash pellet was resuspended in 10 ml of20% sucrose
per 30 mM Tris-HCl, pH 8, at room temperature, made 1 mM in
EDTA, shaken at room temperature for 10 min, centrifuged out, re-
suspended in 10 ml of cold distilled water, shaken in an ice bath for
10 min, and again pelleted. The resulting supernatant was termed the
"water wash." As a control, 1 liter of X1776-pBR322 was grown and
treated in a similar manner. Aliquots (1 Al) of each fraction to be as-
sayed for the presence of insulin antigen were applied to the surface
of a 1.5% agar plate. (A) Positions of each fraction on the plate. M,
medium; 1W, first wash supernatant; 2W, second wash supernatant;
S/T, sucrose/Tris supernatant; OS, distilled water wash; I, insulin.
(B) Autoradiograph showing results of a two-site radioimmunoassay
of these fractions. Antigen was adsorbed to a polyvinyl disk and la-
beled by using anti-insulin IgG. The labeled areas correspond to the
water washes and the positive control (1 ng insulin). A spectropho-
tometric assay for gi-galactosidase (23) indicated that no more than
4% of cells lyse during this procedure.

Proc. Nati. Acad. Sci. USA 75 (1978)
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182 4
..... AspThrThrMetProA laGiyGlyGiyGlyGiyGlyGInnHisLeuCysGlyProHisLeuVa ZGluA laLeuTyr.

. ....GACACCACGATGCCTGCAGGGGGGGGGGGGGGGGGACAGCACCTTTGTGGTCCTCACCTGGTGGAGGCTCTGTAC....

. ..CTGTGGTGCTACGGACGTCCCCCCCCCCCCCCCCCTGTCGTGGAAACACCAGGAGTGGACCACCTCCGAGACATG-....
Pst A AvaiI

86 183
..... LeuGluAsnTyrCysAsn A laMetA laThrThrLeu.

. ....CTGGAGAACTACTGCAACJ GTCCACCACTCCCCGCCCACCCCTCTCCCCCTGCAGCAATGGCAACAACGTTG....

. ....GACCTCTTGATGACGTTGACTCAGGTGGTGAGGGGCGGGTGGGGAGAGGGGGACGTCGTTACCGTTGTTGCAAC....
Hinf B Pst

FIG. 5. Partial DNA sequence of the insertion in clone pI47. Clone p147 DNA was digested with Hinf and two fragments, H1 and H2 (ca. 1700
and 280 base pairs long, respectively) were isolated. H1 contains the amino-terminal portion of the penicillinase gene and the bulk of the cDNA
insert. H1 was digested with Ava II, end labeled, and digested again with Pst. A fragment 39 nucleotides long (fragment A, arrow) was isolated
and sequenced. Fragment H2 was end labeled and digested with Alu I (which cuts at the region corresponding to amino acid 200 of penicillinase).
A fragment 88 base pairs long (fragment B, arrow) was isolated and sequenced. The termination sequence TGA is boxed.
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