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[57] ABSTRACT

Methods and compositions are provided for regulated
expression of polypeptides in transformed bacterial
hosts. A novel class of plasmid cloning vehicles includes
a DNA sequence coding for the desired polypeptide (or
an insertion site therefor) linked for transcriptional ex-
pression in reading phase with one or more functional
fragments derived from an outer membrane protein
gene of a Gram-negative bacterium. The plasmids also
include an inducible promoter sequence positioned in
the proper orientation for transcriptional expression of
the desired polypeptide, as well as a separate DNA
sequence coding for a repressor molecule which can
interact with the inducible promoter to prevent tran-
scription therefrom. Expression of the desired polypep-
tide is under the control of both the constitutive pro-
moter and the inducible promoter, although transcrip-
tion from either promoter is normally blocked by the
repressor molecule. However, the repressor can be
selectively inactivated by means of an inducer molecule
to permit transcriptional expression of the desired poly-
peptide from both promoters. The methods utilize such
plasmids to introduce genetic capability into micro-
organisms for the production of proteins, such as medi-
cally or commercially useful hormones, enzymes, im-
munogenic proteins, or intermediates therefor, but only
in the presence of an appropriate inducer.
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NOVEL CLONING VEHICLES FOR
POLYPEPTIDE EXPRESSION IN MICROBIAL
HOSTS

This invention was made with Government support
under Contract No. 5-R01-GM 1904308 awarded by the
National Institutes of Health. The Government has
certain rights in this invention.

TECHNICAL FIELD

This invention relates generally to the field of recom-
binant genetics, and specifically to a novel class of plas-
mid cloning vehicles with which exogenous genes may
be expressed in transformed bacterial hosts.

As is well-known in the art, genetic information is
encoded on double-stranded deoxyribonucleic acid
(“DNA") molecules (“genes”) according to the se-
quence in which the DNA coding strand presents the
characteristic bases of its repeating nucleotide compo-
nents. The four nitrogenous bases that characterize the
two strands of DNA nucleotides are linked in comple-
mentary pairs by hydrogen bonds to form the double
helix of DNA: adenine (A) is linked to thymine (T) and
guanine (G) to cytosine (C). “Expression” of the en-
coded information involves a two-part process. Ac-
cording to the dictates of certain control regions in the
gene, an enzyme (“RNA polymerase™) may be caused
to move along the DNA coding strand, synthesizing
messenger ribonucleic acid (“mRNA™) in a process
called “transcription.” The DNA. coding strand typi-
cally includes signals, which can be recognized by
RNA. polymerase, for both initiation and termination of
transcription. In a subsequent “translation” step, the
cell’s ribosomes, in comjunction with transfer-RNA,
convert the RNA “message” into proteins or “polypep-
tides,” which determine cell form and function. In-
cluded in the information trnnscribed by mRNA from
DNA are signals for the initiation and termination of
ribosomal translation, as well as signals specifying the
identity and sequence of the amino acids which make up
the polypeptide.

The DNA coding strand comprises long sequences of
nucleotide triplets called “codons” in which the charac-
teristic bases of the nucleotides in each triplet or codon
encode specific bits of information. For example, three
nucleotides read as ATG (adenine-thymine-guanine)
result in an mRNA signal which is interpreted as “start
translation,” while termination codons TAG, TAA and
TGA are interpreted as “stop translation.” Between the
initiation codon and the termination codon lies the so-
cailed “structural gene,” the codons of which define the
amino acid sequence ultimately translated. That defini-
tion proceeds according to the well-established “ge-
netic code” (e.g., Watson, J. D., Molecular Biology Of
The Gene, 31d ed. [New York: W. A. Benjamin, Inc.,
1976)), which specifies the codons for the various amino
acids. Since there are 64 possible codon sequences but
only twenty known amino acids, the genetic code is
degenerate in the sense that different codons may yield
the same amino acid. However, the code is precise in
that for each amino acid there is at least one codon, and
in that each codon yields a single amino acid and no
other. Thus, for example, all of the codons, TTT, TTC,
TTA. and TTG, when read as such, encode for serine
and no other amino acid. It will be apparent that during
translation the proper reading phase or reading frame
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2
must be maintained in order to obtain the proper amino
acid sequence in the polypeptide ultimately produced.

The DNA sequence within the control region of a
gene which mediates the initiation of transcription is
termed the “promoter” of the gene, while the specific
signal encoded in the DNA following the structural
gene at which transcription ends is defined as the “tran-
scription termination site.” Although the mechanisms
which underlie the initiation and termination of tran-
scriptionare not completely understood, it is believed
that the promoter provides the site at which RNA poly-
merase must bind in order to initiate transcription, and
that the effectiveness or “strength” of a particular pro-
moter or terminator signal is determined by the effi-
ciency with which RNA polymerase can recognize and
interact with these signals. This in turn depends in large
part upon the particular base sequence of the DNA at or
near these sites (see, e.g., Rosenberg, M., et al., Ann.
Rev. Genet., 1979 13, 319-353).

The control regions of some genes may also include
DNA sequences which can be recognized by certain
effector molecules, the action of which can positively
or negatively influence the interaction between RNA
polymerase and DNA and thereby further regulate
gene expression at the level of transcription. The ex-
pression of genetic information by such genes may, for
example, be inhibited in the absence of a given sub-
stance, and is therefore termed “inducible.” On the
other hand, there also exist many genes (such as the
lipoprotein gene of the Gram-negative bacterium Esch-
erichia coli [“E. col”]) whose control regions are not
affected by effector molecules. The expression of ge-
netic information by such genes is continuous during
the lifetime of the cell, and is termed “constitutive.”
The control regions of such genes are generally com-
prised solely of a promoter signal and a terminator
signal which immediately precede and follow, respec-
tively, the DNA sequence to be transcribed.

The control regions cause mRNA synthesis to begin
at a “transcription initiation site” located at or near the
promoter, and to proceed until the transcription termi-
nation site is reached, producing an mRNA molecule of
predetermined length with a base sequence complemen-
tary to the base sequence of the transcribed DNA. The
DNA sequence between these two points defines not
only the structural gene, the codons of which are ulti-
mately translated for polypeptide expression, but also
an “untranslated” region on either side of the structural
gene.

Transcription therefore typically results in an mRNA
molecule which carries a translatable RNA. sequence,
located between two untranslated regions. The untran-
slated region which precedes the structural sequence is
known as the “5'-untranslated region,” while the region
which follows the structural signals is known as the
“3*.untranslated region.” As disclosed in detail herein-
below, the DNA coding sequences for both of these
untranslated regions, as well as the DNA coding se-
quences embodying the promoter signal and the termi-
nator signal of certain genes, all of which may be re-
ferred to individually or collectively herein as *“func-
tional fragments” of those genes, may be effectively
used in the creation of the novel cloning vehicles of the
present invention.

As used herein, the term “cloning vehicle™ defines a
non-chromosomal double-stranded DNA molecule in
“plasmid” form which can be replicated after being
placed within a unicellular organism yy a process called
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3
“transformation.” An organism so transformed is called
a “transformant.” For present purposes, a “plasmid” is a
circular non-chromosomal double-stranded DNA mol-
ecule derived from viruses or bacteria, the latter being
termed “bacterial plasmids.”

Advances in biochemistry in recent years have led to
the construction of “recombinant” cloning vehicles in
which, for example, plasmids are made to contain exog-
enous DNA. In particular instances a recombinant plas-
mid may include DNA that codes for polypeptides not
ordinarily produced by the organism susceptible to
transformation by the recombinant plasmid, and the
exogenous DNA may in some cases comprise human
genetic material. Typically, plasmids are cleaved to
provide linear DNA having ligatable termini. These are
bound to an exogenous gene having ligatable termini to
provide a biologically functional moiety with a desired
phenotypical property. The recombinant moiety is in-
serted into a micro-organism by transformation and
transformants are isolated and cloned, with the object
of obtaining large populations capable of expressing the
new genetic information. Methods and means of form-
ing recombinant cloning vehicles and transforming or-
ganisms with them have been widely reported in the
literature, and generalized discussions of the subject
appear in Cohen, S., Scientific American 233, 24-33
(July 1975), and in Gilbert, W., et al., Scientific Ameri-
can 242, 74-94 (April 1980). These and other publica-
tions alluded to herein are incorporated by reference.

A variety of techniques are available for DNA re-
combination, according to which adjoining ends of
separate DNA fragments are tailored inone way or
another to facilitate ligation. The latter term refers to
the formation of phosphodiester bonds between adjoin-
ing nucleotides, through the agency of a catalytic en-
zyme such as T4 DNA ligase. Thus, DNA fragments
with “blunt” ends may be directly ligated. Alterna-
tively, fragments containing complementary single
strands at their adjoining ends are advantaged by hy-
drogen bonding which positions the respective ends for
subsequent ligation. Such single strands, referred to as
“cohesive termini,” may be formed by the addition of
nucleotides to blunt ends using terminal transferase, or
sometimes simply by “chewing back” one strand of a
blunt end with an enzyme such as A-exonuclease. Most
commonly, however, such single strands may be
formed by restriction endonucleases (also called restric-
tion enzymes), which cleave the phosphodiester bonds
in and around unique sequences of nucleotides of about
4-6 base pairs in length. Many restriction endonucleases
and their recognition sequences are known, the so-
called Eco RI endonuclease being one of the most
widely employed.

Restriction endonucleases which cleave double-
stranded DNA at unique sequences (e.g., at rotationally
symmetric “palindromes”) may leave cohesive termini.
Thus, a plasmid or other cloning vehicle may be
cleaved, leaving termini each comprising half of the
restriction endonuclease recognition site. A cleavage
product of exogenous DNA. obtained with the same
restriction endonuclease will have ends complementary
to those of the plasmid termini. Alternatively, synthetic
DNA comprising cohesive termini may be provided for
insertion into the cleaved vehicle. To discourage rejoin-
der of the vehicle’s cohesive termini pending insertion
of exogenous DNA, the termini can be digested with
alkaline phosphatase, providing molecular selection for
closure incorporating the exogenous fragment. Incor-
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poration of a fragment in the proper orientation relativ=
to other aspects of the vehicle may be enhanced when
the fragment supplants vehicle DNA excised by two
different restriction endonucleases, and when the frag-
ment itself comprises termini respectively constituting
half the recognition sequence of the same two different
endonucleases.

As a result of wide-ranging work in recent years in
recombinant DNA research, the prior art includes a
number of successful and commercially viable schemes
to express functional polypeptide products such as insu-
lin, somatostatin and human and animal growth hor-
mone. The present invention relates to an improvement
of one of those schemes.

BACKGROUND ART

In U.S. Pat. No. 4,666,836, issued May 19, 1987 to M.
Inouye and K. Nakamura, entitled “Novel Cloning
Vehicles For Polypeptide Expression In Microbial
Hosts,” a class of recombinant bacterial plasmid cloning
vehicles for expression of exogenous genes in trans-
formed bacterial hosts is disclosed, comprising a DNA
insert fragment coding for the desired polypeptide,
linked in reading phase with one or more functional
fragments derived from an outer membrane protein
gene of any Gram-negative bacterium. In a preferred
embodiment, the exogenous DNA codes for mamma-
lian hormones, enzymes or immunogenic proteins (or
intermediates therefor), the functional fragments are
derived from the lipoprotein gene of E. coli, and the
desired polypeptide is expressed in E. coli transformants
preferred embodiment, the DNA sequence coding ired
protein is linked with and is expressed in with four
specific functional fragments associated with the E. coli
lipoprotein gene, namely, the promoter, the 5'-untran-
slated region, the 3-untranslated region and the tran-
scription termination site of that gene.

These expression plasmids may also include a second
promoter, preferably an inducible promoter and most
preferably the E. coli 8-galactosidase or “lac™ pro-

- moter, which is inserted immediately downstream of
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the lipoprotein promoter so that the exogenous DNA is
expressed only in the presence of a “lactose inducer.”
When induced, the DNA coding for the desired poly-
peptide is transcribed from both promoters, thereby
increasing the yield of the desired product. Accord-
ingly, both constitutive and inducible gene expression
may be achieved using the cloning vehicles of the in-
vention of U.S. Pat. No. 4,666,836.

However, it is disclosed in U.S. Pat. No. 4,666,836,
that with the inducible cloning vehicles, special E. coli
strains are preferred for use as transformants, specifi-
cally, those which can overproduce the lactose repres-
sor molecule. In the wild-type E. coli cell, only about 10
copies of the lactose repressor molecule are maintained
in the cell at any one time, which is just enough to
repress (i.e., inhibit the expression of) the one lacZ gene
normally contained in the cell. This is insufficient, how-
ever, to block the expression of the exogenous DNA
cloned in an inducible expression plasmid of the inven-
tion of U.S. Pat. No. 4,666,836, since 10 to 20 copies of
the cloning vehicle, each containing an active lac pro-
moter, may exist in each cell at a given time. Therefore,
much larger amounts of the lactose repressor are re-
quired, and for this purpose, the strain used for transfor-
mation is preferably a special E. coli strain JA221/F
lac#? lac+ pro+, which carries the mutant lac/ gene.
The lac/? gene is a mutant of lacl, the “normal” gene
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coding for the lactose repressor. The mutant gene over-
produces the lactose repressor, providing about
100-150 molecules/cell at any given time. The lac/?
gene is carried on the plasmid F-prime in this E. coli
strain.

The fact that this scheme necessitates expression of
the desired polypeptide in transformants carrying the
plasmid F-prime gives rise to certain disadvantages.
First of all, the class of recipients for the inducible ex-
pression plasmids of U.S. Pat. No. 4,666,836 is inher-
ently limited to those E. coli strains which carry the lac/
q gene, since strains which lack this gene would not
produce epough of the lactose repressor and would
therefore continuously generate the desired expression
product.

Secondly, the F-prime plasmid is a sex factor which
causes E. coli cells to conjugate, resulting in transfer of
the F-prime plasmid from one cell to another. The use
of E. coli strains carrying this factor for eukaryotic gene
cloning is complicated, thereby reducing still further
the applicability of the scheme on which U.S. Pat. No.
4,666,836 is based.

Finally, since there are usually 2 or 3 copies of the
F-prime plasmid in a cell (each of which maintains
about 100-150 lactose repressor molecules), and since
each cell also contains 10-20 copies of one of the induc-
ible expression plasmids of U.S. Pat. No. 4,666,836
(each carrying a functional lac promoter), the ratio of
repressor molecules to lac promoters will vary widely
from cell to cell, and in some instances will not achieve
complete repression of the desired expression product.

It is therefore the principal .object of the present in-
vention to provide a new class of plasmid cloning vehi-
cles with which these disadvantages may be overcome.

DISCLOSURE OF INVENTION

In accordance with the primary objective of this
invention, a class of recombinant bacterial plasmid clon-
ing vehicles for expression of exogenous genes in trans-
formed bacterial hosts is provided, each plasmid com-
prising a DNA insert fragment coding for the desired
polypeptide, linked with one or more functional frag-
ments derived from an outer membrane protein gene of
a Gram-negative bacterium and also linked in reading
phase with an inducible promoter fragment. Each plas-
mid also includes a DNA. sequence coding for a protein
capable of binding with and thereby repressing tran-
scription from the inducible promoter fragment. In a
preferred embodiment, the functional fragments are
derived from the lipoprotein gene of E. coli, the induc-
ible promoter fragment is the E. coli lac promoter, the
DNA sequence for the repressor comprises an intact,
functional E. coli 1acl gene, and the desired polypeptide
is expressed in E. coli transformants. :

Most preferably, the present invention includes three
sub-classes of plasmids, the members of each subclass
containing one of three alternative insertion sites. In this
manner, the selection of 2 particular plasmid or a partic-
ular sub-class of plasmids for gene expression can influ-
ence the ultimate location at which the expression prod-
uct can be found and collected. Using one of these
insertion sites, for example, the desired polypeptide can
be expressed with a leader sequence located at the
amino terminal which comprises the signal peptide of
the E. coli lipoprotein, such that the desired product
may be secreted through the cytoplasmic membrane
and the signal peptide removed in vivo by processes
native to the transformant, to yield the exogenous gene
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6
product. Using one or the other of the two remaining
insertion sites, the expression product can be expected
to be found either in the cytoplasm of the cell, or in the
cell wall.

While the plasmids of each sub-class share a common
insertion site, they differ from one another in their indi-
vidual reading frames. Thus, each sub-class comprises
three plasmids, whose reading frames in effect differ by
one base pair, enabling the selection of any desired
reading frame for each insertion site and thereby facili-
tating the use of the present invention with a wide vari-
ety of DNA insert fragments without the necessity of
any direct modification of the reading frames of those
fragments.

The exogenous DNA coding for the desired polypep-
tide is expressed in the plasmids of the present invention
only in the presence of a lactose inducer. However, in
the absence of a lactose inducer, the transcription of the
cloned gene is completely repressed, due to the pres-
ence of a lacI gene on each copy of the expression plas-
mid existing in the host cell. Accordingly, inducible
gene expression may be achieved using the cloning
vehicles of the present invention, without the necessity
of utilizing transformants carrying the F-prime factor in
the manner disclosed in U.S. Pat. No. 4,666,836. Since
the expression of genetic information in the cloning
vehicles of the present invention is regulated from
within each plasmid, the gene expression is termed
“auto-regulated.”

BRIEF DESCRIPTION OF DRAWINGS

The structure and function of the recombinant bacte-
rial plasmids of the present invention, with which gene
products such as human insulin may be expressed in
bacterial transformants, is illustrated in the following
specification, when taken in conjunction with the ac-
companying drawings wherein:

FIGS. 1A and 1B together are a schematic illustra-
tion of the 814-base pair DNA sequence encompassing
the E. coli lipoprotein gene, in which the transcription
initiation and termination sites are indicated by arrows
(a), and in which the 78 amino acid sequence of the
prolipoprotein deduced from the DNA sequence is also
shown, written below the corresponding codons of the
DNA coding strand;

FIG. 2 shows the complete 322-nucleotide sequence
of the lipoprotein mRNA of E. coli, in which the amino
acid sequence of the prolipoprotein deduced from the
mRNA sequence is also indicated, written below the
corresponding codons of the nucleotide sequence;

FIG. 3 illustrates the proposed secondary structure of
E. coli lipopratein mRNA, in which the translation
initiation codon is boxed;

FIG. 4 is a schematic outline of the process by which
a eukaryotic protein or other desired polypeptide may
be expressed using the cloning vehicles of the present
invention, in which the transcription initiation and ter-
mination sites are indicated by arrows (a) and the
translation initiation and termination sites are indicated
by arrows (A);

FIGS. 5-27 together comprise a schematic illustra-
tion of the preferred method for construction of the
recombinant plasmid cloning vehicles of the invention,
of U.S. Pat. No. 4,666,836, as disclosed therein, in
which the relative positions of various restriction endo-
nuclease cleavage sites are shown, and in which Amp”
and Tc, respectively, denote genes for ampicillin and
tetracycline resistance; and
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7
FIGS. 28 and 29 together comprise a schematic illus-
tration of the preferred method of modification of one
of the plasmids of U.S. Pat. No. 4,666,836 to obtain the
corresponding plasmid of the present invention.

BEST MODE OF CARRYING OUT THE
INVENTION

1. Summary Of Preliminary Research

As set forth in U.S. Pat. No. 4,666,836, recent investi-
gation has shown that as a class, the major outer mem-
brane proteins of Gram-negative bacteria are present in
rather large quantities in each bacterial cell. For exam-
ple, it has been found that the E. coli lipoprotein, which
is one of the most extensively investigated membrane
proteins, is also the most abundant protein in the cell in
terms of numbers of molecules, there being approxi-
mately 700,000-750,000 lipoprotein molecules per cell.
Since it has also been shown that there is only one struc-
tural gene for the lipoprotein of E. coli, extremely effi-
cient machinery for lipoprotein gene expression, at the
levels of both transcription and translation, is indicated.
It is believed that the lipoprotein gene may be expressed
at least ten times more efficiently than genes for ribo-
somal proteins. The presence of comparable quantities
of other major outer membrane proteins in E. coli, such
as the ompA protein, and the presence of comparable
quantities of the macor outer membrane proteins in
other Gram-negative bacteria, such as the lipoprotein of
Serratia marcescens, indicate that these systems may also
have very efficient machinery for gene expression.
Thus, while the discussion herein may refer in large part
to the lipoprotein system in E. colj, it is to be understood
that this invention extends to recombinant cloning vehi-
cles which utilize the machinery for gene expression
associated with any of the outer membrane protein
genes of any Gram-negative bacterium.

Although the mechanisms which are responsible for
the highly efficient expression of the E. coli lipoprotein
gene are not yet completely understood, it is believed
that several factors must contribute to the abundance of
lipoprotein molecules in a bacterial cell. As shown in
FIGS. 1A and 1B, the DNA nucleotide sequence of the
lipoprotein gene of E. coli has recently been determined,
an analysis of which has revealed many unique proper-
ties associated with the expression of this gene.

In particular, it has been found that in comparison
with other known promoter sequences of E. coli genes,
the lipoprotein promoter region shows a most striking
feature, namely, an extremely high A-T content, which
is believed likely to be essential for highly efficient
transcription of the lipoprotein gene. The segment of
261 base pairs (“bp”) preceding the transcription initia-
tion site (from position —261 through position —1 as
shown in FIG. 1A) has a very high A-T content of
70%, in contrast with 53% for the transcribed region
(or mRNA region) of 322 base pairs (positions 41 to
+322), 44% for a segment of 126 bp after the transcrip-
tion termination site (positions +323 to +449), and
499 for the average A-T content of the E. coli chromo-

~some. The A-T content of the segment from position
—45 to position —1, within which the nucleotide se-
quence of the lipoprotein (“lpp’”) promoter appears to
reside, is especially high (80%), and appears to be the
highest among the E. coli promoter regions thus far
sequenced. The A-T richness of the promoter sequence
is considered to destabilize the helix structure of the
DNA and thereby facilitate the RNA polymerase-
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mediated strand unwinding necessary for the initiation
of transcription.

Apart from its A-T content, the 1pp promoter also
appears to contain a heptanucleotide sequence at posi-
tions —15 through —9 (only eight base pairs distal to
the transcription initiation site) which is homologous to
the generalized “Pribnow box,” as well as a dodecanu-
cleotide sequence at positions —38 through —27 which
is homologous to the generalized “RNA polymerase
recognition site.” The homology of these sequences is
striking, in that the Pribnow box sequence of the lpp
promoter has only one base mismatching with the gen-
eralized sequence, while the recognition site sequence
shows a mismatch of only 5 out of 12 bases of the gener-
alized sequence. The importance of the specific base
sequences at these sites for efficient transcription is
well-documented, in that mutants with enhanced pro-
moter efficiency show increased homology of these
regions with the generalized sequences.

Further analysis of the DNA sequence of FIGS. 1A
and 1B has revealed that besides having an extremely
“strong” promoter, the lipoprotein gene also has an
oligo-T transcription termination signal, located be-
tween positions +316 and +322, which is at least as
efficient as all other E. coli transcription termination
sites that have been studied. It is believed that this factor
contributes to the overall efficiency of transcription by
hastening the rate of mRINA production, and by limit-
ing the size of the mRNA molecule which is transcribed
from the DNA.

As shown in FIG. 2, the complete nucleotide se-
quence of the E. coli lipoprotein mRNA has also been
determined, revealing that the mRNA has several
unique features in its structure which appear to be im-
portant for efficient translation of the mRNA transcript.
The mRNA consists of 322 nucleotides, 38 of which are
in the 5'-untranslated region and 50 of which are in the
3'-untranslated region, leaving 234 nucleotides in the
translated region which code for the lipoprotein precur-
sor, or prolipoprotein. The mRNA sequence of FIG. 2
is complementary to the DNA sequence of FIGS. 1A
and 1B, with the exception of the nucleotide at position
313 which is shown as C in FIG. 2 as determined by
RNA sequencing, rather than A as determined by the
DNA sequencing shown in FIG. 1B. The reason for this
difference is not known at present.

The lipoprotein mRNA has been shown to be unusu-
ally stable, and it has been proposed that this stability is
probably attributable to the formation of extensive sec-
ondary structures within the molecule. As shown in
FIG. 3, the mRNA can form nine stable “hairpin” stem-
and-loop structures (designated by Roman numerals
I-IX), the most stable of which (I) is in the 3'-untran-
slated region. These secondary structures may be re-
sponsible for the longer functional half-life which has
been observed for the lipoprotein mRNA in comparison
with other E. coli mRNAs, and may thereby increase
the availability of this molecule for ribosomal transla-
tion.

Furthermore, although 68% of the total nucleotides
in the mRNA molecule are involved in the formation of
the hairpin structures shown in FIG. 3, it should be
noted that in the first 64 nucleotides from the 5’ end
there are no stable hairpin structures, whereas between
the 65th nucleotide and the 3’ end, 85% of the nucleo-
tides are involved in the formation of hairpin structures.
This is significant because in the 5'-untranslated region
(positions +1 to +38) there appear to be two extensive
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inverted repeat sequences of nucleotides which are
thought to prevent the formation of secondary struc-
tures in this region, allowing the ribosome-binding site
in this segment to be fully exposed to ribosomes,
thereby facilitating the initiation of translation. More-
over, the rate of initiation of translation is probably
further facilitated by the presence of two possible ribo-
some binding sites in this region of the molecule.

Finally, the presence of all three translation termina-
tion codons in the 3'-untranslated region of the mRNA
(UAA, positions +273 to +275, UAG, positions +276
to +278, and UGA, positions +285 to +287 [see FIG.
2]), all three of which are in the same reading frame as
the translatable or “coding” region of the mRNA, pro-
vides a unique “back-up” sequence of tandem termina-
tors which probably contributes to the overall effi-
ciency of translation by assuring proper termination of
translation in a “failsafe” manner.

The cumulative effect of these as well as other unique
features of the lipoprotein mRNA is believed to result in
very efficient translation of this genetic information in
E. coli cells.

Apart from the efficiency of its expression, another
important aspect of the lipoprotein of E. coli is that it is
a “secretory” protein, i.e., it is produced from a precur-
sor, which is then secreted across the cytoplasmic mem-
brane and processed to the lipoprotein. Thus, transla-
tion of the lipoprotein mRNA transcript actually yields
this precursor, called the prolipoprotein, which has a
peptide extension or signal peptide at its amino termi-
nus, consisting of 20 amino acid residues whose se-
quence has been determined, followed by the known 58
amino acid sequence of the lipoprotein. While the

20

mechanisms involved in the secretion process are not

yet well understood, the signal peptide is considered to
direct the translocation in vivo of the prolipoprotein
across the cytoplasmic membrane, in the process of
which the peptide extension itself is removed, yielding
mature lipoprotein. )

It is believed that analogous elaboration processes are
involved in the production of the major outer mem-
brane proteins of all Gram-negative bacteria. For exam-
ple, an analysis and comparison of the DNA sequence
of the Serratia marcescens (“‘S. marcescens”) lipoprotein
gene with that of the E. coli Ipp gene has revealed strik-
ing homologies in the promoter region (84%) and in the
5'-untranslated region (95%). Moreover, the A-T con-
tent in the promoter region of the S. marcescens lipopro-
tein gene is extremely high (78%), as found in the case
of the E. coli lipoprotein gene (80%). Furthermore,
although the DNA sequence coding for the peptide
extension of the prolipoprotein of S. marcescens differs
somewhat from that of E. coli , the resuitant alterations
in the amino acid sequence do not change the basic
properties of the signal peptide as proposed for the E.
coli prolipoprotein and for other bacterial secretory
proteins. In addition, the lipoprotein mRNA of S. mar-
cescens, as deduced from the DNA sequence, seems
capable of forming seven stable hairpin stem-and-loop
structures. The existence of the lipoprotein in many
different genera of Gram-negative bacteria has now
been confirmed, and it has been found that the E. coli
lipoprotein mRNA hybridizes with DNAs from at least
the following seven bacterial species (besides S. mar-
cescens) in the family Enterobacteriaceae: Shigella dysen-
teriae, Salmonella typhimurium, Citrobacter freundii,
Klebsiella aerogenes, Enterobacter aerogenes, Edward-
siella tarda, and Erwinia amylovora, thereby confirming
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a degree of homology of the lipoprotein gene between
E. coli and other Gram-negative bacteria. The extension
of the present invention to recombinant plasmid cloning
vehicles utilizing analogous and highly efficient ma-
chinery for gene expression derived from any Gram-
negative bacterium is believed justified by all of these as
well as other findings.

The unique characteristics of the biosynthesis and
assembly of the outer membrane proteins of Gram-neg-
ative bacteria, as discussed above, make the lipoprotein
genes and other major outer membrane protein genes of
these organisms extremely attractive vehicles with
which to control the expression of exogenous DNA
insert fragments in bacterial transformants. In this appli-
cation, the structure and function of several such clon-
ing vehicles is described.

2. Strategy For Gene Expression

1t will be apparent from the foregoing discussion that
a majority of the features which appear to be responsi-
ble for the efficient transcription and translation of the
lipoprotein gene of E. coli reside in the functional frag-
ments of the gene, namely, the promoter, the 5'-untran-
slated region, the 3'-untranslated region, and the tran-
scription termination site, all of which are located either
“upstream” or *downstream” of the Ipp structural gene,
as shown in FIG. 4, line a. Hence, by inserting a struc-
tural gene for a eukaryotic protein or other desired
polypeptide in an expression plasmid containing various
combinations of the foregoing functional fragments, and
by transforming a bacterial host with such a plasmid,
the transcription and subsequent translation of the struc-
tural gene can be made to take place under the control
of those functional fragments.

For reasons which will be evident to those skilled in
the art, it is particularly desirable and advantageous to
utilize all of the foregoing functional fragments together
in tandem in a single expression plasmid. By fusing the
structural gene for the desired polypeptide at its 5 end
to a DNA sequence comprising both the promoter and
the 5'-untranslated region of the E. coli Ipp gene (most
preferably, this DNA sequence also includes the entire
260 bp A-T rich DNA segment preceding the transcrip-
tion initiation site), highly efficient transcription is
achieved by utilizing one of the strongest bacterial pro-
moters, and highly efficient translation is achieved by
utilizing a DNA sequence which can code for features
which facilitate the initiation of translation, including
the most effective ribosome binding site. Moreover, by
fusing the structural gene at its 3’ end to a DNA se-
quence comprising the 3'-untranslated region and the
transcription termination signal of the E. coli Ipp gene,
the efficiency of transcription is believe to be further
enhanced, avoiding transcriptional “read-through™ (the
synthesis of an unnecessarily long 3’-untranslated region
in the mRNA) and more importantly, facilitating the
rate of mRNA production. The stability of the mRNA
molecule is also augmented by the formation of second-
ary structure in the 3'-untranslated region.

As described in detail hereinbelow, the secretory
nature of the lipoprotein can be utilized to control yet
another aspect of the expression of a eukaryotic protein
or other desired polypeptide, namely, the location at
which the expression product can be expected to be
found. Depending upon the site within the lpp gene
chosen for insertion of the exogenous DNA, the expres-
sion product can be expected to accumulate either
within the cytoplasm
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inverted repeat sequences of nucleotides which are
thought to prevent the formation of secondary struc-
tures in this region, allowing the ribosome-binding site
in this segment to be fully exposed to ribosomes,
thereby facilitating the initiation of translation. More-
over, the rate of initiation of translation is probably
further facilitated by the presence of two possible ribo-
some binding sites in this region of the molecule.

Finally, the presence of all three translation termina-
tion codons in the 3'-untranslated region of the mRNA.
(UAA, positions +273 to +-275, UAG, positions +276
to +278, and UGA, positions +285 to +287 [see FIG.
2)), all three of which are in the same reading frame as
the translatable or “coding” region of the mRNA, pro-
vides a unigue “back-up” sequence of tandem termina-
tors which probably contributes to the overall effi-
ciency of translation by assuring proper termination of
translation in a *“failsafe” manner.

The cumulative effect of these as well as other unique
features of the lipoprotein mRNA is believed to result in
very efficient translation of this genetic information in
E. coli cells.

Apart from the efficiency of its expression, another
important aspect of the lipoprotein of E. coli is that it is
a “secretory” protein, i.e., it is produced from a precur-
sor, which is then secreted across the cytoplasmic mem-
brane and processed to the lipoprotein. Thus, transla-
tion of the lipoprotein mRNA transcript actually yields
this precursor, called the prolipoprotein, which has a
peptide extension or signal peptide at its amino termi-
nus, consisting of 20 amino acid residues whose se-
quence has been determined, followed by the known 58
amino acid sequence of the lipoprotein. While the
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mechanisms involved in the secretion process are not -

yet well understood, the signal peptide is considered to
direct the translocation in vivo of the prolipoprotein
across the cytoplasmic membrane, in the process of
which the peptide extension itself is removed, yielding
mature lipoprotein. .

It is believed that analogous elaboration processes are
involved in the production of the major outer mem-
brane proteins of all Gram-negative bacteria. For exam-
ple, an analysis and comparison of the DNA sequence
of the Serratia marcescens (“‘S. marcescens™) lipoprotein
gene with that of the E. coli Ipp gene has revealed strik-
ing homologies in the promoter region (84%) and in the
5'-untranslated region (95%). Moreover, the A-T con-
tent in the promoter region of the S. marcescens lipopro-
tein gene is extremely high (78%), as found in the case
of the E. coli lipoprotein gene (80%). Furthermore,
although the DNA sequence coding for the peptide
extension of the prolipoprotein of S. marcescens differs
somewhat from that of E. coli , the resultant alterations
in the amino acid sequence do not change the basic
properties of the signal peptide as proposed for the E.
coli prolipoprotein and for other bacterial secretory
proteins. In addition, the lipoprotein mRNA of S. mar-
cescens, as deduced from the DNA sequence, seems
capable of forming seven stable hairpin stem-and-loop
structures. The existence of the lipoprotein in many
different genera of Gram-negative bacteria has now
been confirmed, and it has been found that the E. coli
lipoprotein mRNA hybridizes with DNAs from at least
the following seven bacterial species (besides S. mar-
cescens) in the family Enterobacteriaceae: Shigella dysen-
teriae, Salmonella typhimurium, Citrobacter freundii,
Klebsiella aerogenes, Enterobacter aerogenes, Edward-
siella tarda, and Erwinia amylovora, thereby confirming
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a degree of homology of the lipoprotein gene between
E. coli and other Gram-negative bacteria. The extension
of the present invention to recombinant plasmid cloning
vehicles utilizing analogous and highly efficient ma-
chinery for gene expression derived from any Gram-
negative bacterium is believed justified by all of these as
well as other findings.

The unique characteristics of the biosynthesis and
assembly of the outer membrane proteins of Gram-neg-
ative bacteria, as discussed above, make the lipoprotein
genes and other major outer membrane protein genes of
these organisms extremely attractive vehicles with
which to control the expression of exogenous DNA
insert fragments in bacterial transformants. In this appli-
cation, the structure and function of several such clon-
ing vehicles is described.

2. Strategy For Gene Expression

It will be apparent from the foregoing discussion that
a majority of the features which appear to be responsi-
ble for the efficient transcription and translation of the
lipoprotein gene of E. coli reside in the functional frag-
ments of the gene, namely, the promoter, the 5’-untran-
slated region, the 3'-untranslated region, and the tran-
scription termination site, all of which are located either
“upstream” or “downstream” of the Ipp structural gene,
as shown in FIG. 4, line a. Hence, by inserting a struc-
tural gene for a eukaryotic protein or other desired
polypeptide in an expression plasmid containing various
combinations of the foregoing functional fragments, and
by transforming a bacterial host with such a plasmid,
the transcription and subsequent translation of the struc-
tural gene can be made to take place under the control
of those functional fragments.

For reasons which will be evident to those skilled in
the art, it is particularly desirable and advantageous to
utilize all of the foregoing functional fragments together
in tandem in a single expression plasmid. By fusing the
structural gene for the desired polypeptide at its 5' end
to a DNA sequence comprising both the promoter and
the 5'-untranslated region of the E. coli Ipp gene (most
preferably, this DNA sequence also includes the entire
260 bp A-T rich DNA segment preceding the transcrip-
tion initiation site), highly efficient transcription is
achieved by utilizing one of the strongest bacterial pro-
moters, and highly efficient translation is achieved by
utilizing a DNA. sequence which can code for features
which facilitate the initiation of translation, including
the most effective ribosome binding site. Moreover, by
fusing the structural gene at its 3' end to a DNA se-
quence comprising the 3'-untranslated region and the
transcription termination signal of the E. coli 1pp gene,
the efficiency of transcription is believe to be further
enhanced, avoiding transcriptional “read-through” (the
synthesis of an unnecessarily long 3’-untranslated region
in the mRNA) and more importantly, facilitating the
rate of mRNA production. The stability of the mRNA
molecule is also augmented by the formation of second-
ary structure in the 3'-untranslated region.

As described in detail hereinbelow, the secretory
nature of the lipoprotein can be utilized to control yet
another aspect of the expression of a eukaryotic protein
or other desired polypeptide, namely, the location at
which the expression product can be expected to be
found. Depending upon the site within the lpp gene
chosen for insertion of the exogenous DNA, the expres-
sion product can be expected to accumulate either
within the cytoplasm
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of the transformant cell, within the periplasmic space,
or in the cell’s outer membrane.

FIG. 4 schematically illustrates a process wherein a
transformant organism expresses a natural eukaryotic
protein in accordance with the foregoing scheme. In the
particular embodiment illustrated in FIG. 4, the struc-
tural gene for the eukaryotic protein is inserted within
the signal peptide of the Ipp gene, several base pairs
after the translation initiation codon and downstream of
certain functional fragments (namely, the promoter and
the 5’-untranslated region) normally associated with the
lipoprotein gene. As will be seen by comparing line a
with line b in FIG. 4, the orientation of these functional
fragments is identical to the natural orientation of these
elements in the lipoprotein gene, while the exogenous
DNA insert fragment supplants most of the signal pep-
tide as well as a portion of the structural region of the
lipoprotein gene.

As shown in FIG. 4, line b, the foreign gene is linked
at its 3’ end to an extra translation termination codon,
which is in turn fused to the remainder of the lipopro-
tein structural gene. This is linked still further down-
stream in the normal manner to the 3'-untranslated re-
gion of the Ipp gene, which ends with the transcription
termination site. As can be seen by again comparing line
a with line b in FIG. 4, the functional fragments which
follow the DNA insert fragment are essentially identi-
cal to those which are present normally in the lipopro-
tein gene.

The 3'-untranslated region derived from the Ipp gene
codes for an mRNA sequence capable of forming the
stem-and-loop structure designated by the numeral I in
FIG. 3, which, as discussed previously, is the most
stable secondary structure in the lipoprotein mRNA.
However, the recombinant DNA sequence depicted
schematically in FIG. 4, line b, also includes a terminal
portion of the lipoprotein structural gene consisting of
105 base pairs starting with position -+ 168 (this position
is designated by the arrow (4) in FIG. 3). This region
is chosen so that the stability of the mRNA transcript
can be further enhanced by including four additional
stem-and-loop structures (designated by the numerals
1L, II1, IV and V in FIG. 3), without unduly increasing
the size of the mRNA molecule produced. However, as
set forth below, this region is not ultimately translated.

Transcription of the recombinant DNA sequence
illustrated in FIG. 4, line b, yields an mRNA sequence
which is illustrated schematically in FIG. 4, line c. It
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will be seen that this sequence contains the 5'-untran-

slated region and the 3’-untranslated region, both of
which are normally associated with the production of
the lipoprotein. However, the mRINA also incorporates
a region coding for the eukaryotic protein, preceded by
a region which codes for a short segment of the signal
peptide of the prolipoprotein, and followed by another
region which codes for a segment of the lipoprotein.
The latter region ultimately will not be translated, how-
ever, due to the insertion of a termination codon (desig-
nated by an arrow (A) in FIG. 4, lines b and c) at the 3’
end of the eukaryotic structural gene. Following trans-
lation, a polypeptide is produced comprising several
extraneous amino acid residues, followed by the amino
acid sequence of the desired eukaryotic protein (see
FIG. 4, line d). This conjugate expression product can
be expected to accumulate within the cytoplasm of the
cell, because secretion can not occur in the absence of a
complete signal peptide. However, for certain proteins,
the expression product can be purified from the cyto-
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plasm in a known manner, and the superfluous protein
fragment may then be separated and removed from the
natural protein product by known techniques (see FIG.
4, line e), yielding the desired polypeptide which may
then be stored for future use.

Alternatively, the DNA sequence coding for the
extraneous amino acids can be excised from the expres-
sion plasmid in a known manner prior to transformation
of the bacterial host, such that the expression product
corresponds exactly with the desired foreign protein
and may be purified by known techniques.

In an alternative embodiment of the foregoing
scheme, the same functional fragments are used, but the
DNA sequence coding for the desired polypeptide is
inserted further downstream, following the last codon
of the signal peptide (i.e., at or near the signal peptide
cleavage site). It will be apparent to those skilled in the
art that in this embodiment, the orientation of the func-
tional fragments is once again identical to the natural
orientation of these elements in the lipoprotein gene,
allowing full advantage to be taken of the efficiencies of
transcription and translation associated therewith, in-
cluding the enhanced stability of the mRNA transcript
attributable to the incorporation of four additional stem-
and-loop structures, as described hereinabove.

The transcription and ultimate translation of such a
recombinant DNA sequence proceeds in a manner anal-
ogous to that described hereinabove and illustrated in
FIG. 4, except that following translation, a polypeptide
is produced comprising a signal peptide corresponding
to the signal peptide of the prolipoprotein, followed by
the amino acid sequence of the desired eukaryotic pro-
tein. This precursor product can then be secreted across
the cytoplasmic membrane under the control of the
signal peptide, in the process of which the peptide ex-
tension itself may be recognized and removed by enzy-
matic action natural to the E. coli transformant cell,
yielding a product consisting of the natural eukaryotic
protein, perhaps with several extraneous amino acid
residues at the amino terminus which can be removed as
discussed hereinabove. This product accumulates ini-
tially in the periplasmic space, and may ultimately pass
through the cell’s outer membrane and intothe culture
medium provided that certain E. coli transformant
strains are used, as set forth in more detail hereinbelow.

Using this approach, the accumulation of a large
amount of the expression product inside the cell is less
likely to interfere with cell growth, because the eukary-
otic protein is linked with a signal peptide which is
natural to the cell. Furthermore, the presence of the
signal peptide may protect the foreign protein from
possible degradative action inside the cell, which could
otherwise lower the protein yield and could also cause
contamination of the foreign protein by heterogenous
degradative products, resulting in purification difficul-
ties.

In yet another alternative embodiment of the forego-
ing scheme, the same functional fragments are again
used, but the DNA sequence coding for the desired
polypeptide is inserted still further downstream, for
example, as illustrated herein, following the codon for
the eighth amino acid residue after the signal peptide
cleavage site. It will be apparent to those skilled in the
art that in this embodiment, the orientation of the func-
tional fragments is once again identical to the natural
orientation of these elements in the lipoprotein gene,
allowing full advantage to be taken of the efficiencies of
transcription and translation associated therewith, in-
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cluding the enhanced stability of the mRNA transcript
attributable to the incorporation of four additional stem-
and-loop structures, as described hereinabove.

The transcription and ultimate translation of such a
recombinant DNA sequence proceeds in a manner anal-
ogous to that described hereinabove and illustrated in
FIG. 4, except that following translation, a polypeptide
is produced comprising a signal peptide of 20 amino
acid residues, corresponding to the signal peptide of the
prolipoprotein, followed by eight amino acid residues
corresponding to the first eight amino acid residues of
the mature lipoprotein, followed by the amino acid
sequence of the desired eukaryotic protein. As with the
embodiment previously described, this precursor prod-
uct may be translocated naturally across the cytoplas-
mic membrane, in the process of which the signal pep-
tide can be recognized and removed. However, the
product may not accumulate in the periplasmic space;
instead, the eight amino acids corresponding to the
lipoprotein can be recognized, and the expression prod-
uct may then be processed further and inserted into the
outer membrane of the cell in a manner analogous to the
normal insertion of the lipoprotein into the outer mem-
brane. If, as expected, only the first eight amino acid
residues of the expression product corresponding to the
lipoprotein are actually bound into the outer membrane,
then the remainder of the expression product, consisting
of the amino acid sequence of the eukaryotic protein or
other desired polypeptide, will protrude from the outer
membrane, such that, for certain proteins, the mem-
brane may be isolated and the desired protein purified
from the membrane easily.

Tt will therefore be evident to those skilled in the art
that by constructing a plasmid cloning vehicle accord-
ing to the present invention with one or another of the
three insertion sites described above, and by using such
a plasmid to express an exogenous gene product, the
location of that product can be predicted with a reason-
able degree of certainty, and the appropriate methods
for isolating and purifying that product will thereby be
suggested. The choice of insertion site will often be
dictated by the identity and structure of the desired
polypeptide itself, especially if the method of purifica-
tion most appropriate for that product is known.

Tn order to facilitate still further the expression of a
wide variety of exogenous DNA fragments using the
cloning vehicles of the present invention, a short poly-
nucleotide sequence containing the recognition sites for
the Eco RI, Hind III and Bam HI restriction enzymes
can be incorporated at the insertion site in each expres-
sion plasmid. This allows additional flexibility, in that
six different types of restriction fragments can be in-
serted into each plasmid according to the straightfor-
ward and well-known techniques described herein-
above. Thus, DNA insert fragments tailored to have
any one of the following pairs of cohesive termini can
be readily used with the present invention: Eco RI-Eco
R1, Hind IfI-Hind III, Bam HI-Bam HI, Eco RI-Hind
III, Eco RI-Bam HI and Hind III-Bam HL

As mentioned hereinabove, the expression of genetic
information is termed inducible if transcription cannot
be initiated in the absence of a certain molecule. Induc-
ible gene expression is exemplified in nature by the E.
coli lac promoter-operator, which controls the produc-
tion of B-galactosidase, an important enzyme in lactose
digestion. Normally, the expression of this genme is
“switched off” by the presence of a lactose repressor,
which binds to the lac promoter-operator, preventing
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interaction between RNA polymerase and the promoter
sequence and thereby inhibiting transcription (and sub-
sequent translation) of the B-galactosidase structural
gene. In the presence of lactose, however, the repressor
molecule is removed from the DNA and the gene is
“switched on,” allowing transcription to proceed until a
sufficient quantity of the B-galactosidase enzyme is
produced to digest the lactose, after which the repres-
sor again “switches off” the gene.

The constitutive Ipp gene cloning vehicles described
hereinabove can be made inducible, as disclosed in U.S.
Pat. No. 4,666,836, by inserting the lac promoter down-
stream of the Ipp promoter, but upstream of the exoge-
nous DNA insert fragment. In this configuration tran-
scription of the foreign DNA from either promoter is
blocked by the repressor molecule and cannot proceed
in the absence of a substance, termed a “lactose indu-
cer,” which for present purposes is a molecule that
reacts with and alters the lactose repressor molecule
such that the repressor molecule can no longer bind to
the lac promoteroperator. When induced with lactose
or with a synthetic inducer such as IPTG, the foreign
DNA can be transcribed from both the lpp and lac
promoters independently, allowing approximately five
times higher gene expression than would occur using
the lac promoter alone.

The inducible Ipp gene cloning vehicles of U.S. Pat.
No. 4,666,836 can, in turn, be modified for auto-regula-
tion by inserting within each plasmid a functional E. coli
lacl gene. In this manner, the 1:1 ratio between lactose
repressor genes and lac promoters, which is normally
present in wild-type E. coli cells, can be maintained in
transformants chosen for expression of the desired poly-
peptide. Accordingly, such transformants need not
carry and need not be provided with the F-prime factor
thought necessary, but found to be unsatisfactory to
repress the expression of the desired product by micro-
organisms transformed with the expression plasmids of

"U.S. Pat. No. 4,666,836,

1t is to be understood that all of the desirable features
described hereinabove in connection with the constitu-
tive and inducible Ipp gene expression plasmids of U.S.
Pat. No. 4,666,836 may be incorporated with equal
advantage in the auto-regulated inducible Ipp gene ex-
pression plasmids of the present invention. These in-
clude the efficiencies of transcription and translation
usually associated with the four specified functional
fragments of the Ipp gene, the enhanced stability of the
mRNA transcript attributable tq the incorporation of
the four additional stem-and-loop structures associated
with the mRNA transcript of the terminal portion of the
lipoprotein structural gene, the provision of three dif-
ferent insertion sites for the foreign DNA to control the
location at which the expression product can be ex-
pected to be found, and the incorporation of Eco R],
Hind IIT and Bam HI restriction enzyme recognition
sequences at the exogenous DNA insertion site in each
plasmid to facilitate the expression of a wide variety of
DNA insert fragments.

Itis to be understood also that virtually any structural
gene coding for a desired polypeptide, including mam-
malian and human hormones, enzymes and immuno-
genic proteins (or intermediates therefor), may be ex-
pressed using the recombinant plasmids of the present
invention. Examples of such proteins inciude A-chain
insulin, B-chain insulin, proinsulin, growth hormone,
somatostatin, interferon and trypanosome antigen, but
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the invention is not confined to these exemplary prod-
ucts.

3. The Transformant

In the preferred embodiment of the present invention,
the auto-regulated inducible recombinant cloning vehi-
cles incorporating the gene for the desired eukaryotic
protein or other polypeptide are used to transform spe-
cial E. coli strains as hosts for cloning and for subse-
quent production of the protein. The host cell strains
used will be chosen to have a “deletion mutant” in the
Ipp gene, so that the host cells cannot produce the lipo-
protein, The use of a deletion mutant strain as the trans-
formant is thought to stimulate the production of a large
amount of the foreign protein, since the entire capacity
of the host cells to produce the lipoprotein is thereby
channelled towards production of the foreign protein.
Furthermore, secretion of the foreign protein across the
cytoplasmic membrane is facilitated in lpp-defective
host cells, since the secretion sites in the membrane
which are intended to be used for lipoprotein secretion
are instead available for secretion of the foreign protein.

The use of the lpp-defective cells is especially benefi-
cial when the gene coding for the foreign protein is
inserted at or near the lipoprotein signal peptide cleav-
age site. This is because such cells are known to be
“leaky”, i.e., proteins secreted across the cytoplasmic
membrane of such cells ultimately *“leak” out into the
culture medium through the outer membrane of the
cell. This is believed to be desirable not only because
release of the desired foreign protein into the culture
medium may in some cases allow easier isolation and
purification of the foreign protein than would be possi-
ble if the foreign protein remained inside the cell, but
also because the foreign protein would otherwise accu-
mulate in the periplasmic space, perhaps leading to
undesirable interference with normal cellular activities
or cell growth. Secretion of the desired eukaryotic gene
product outside the cell may also avoid degradation of
that product into smaller fragments by proteolitic en-
zymes which are normally present within the cell.

4. Experimental

The strategy and techniques described hereinabove
were applied experimentally to construct a group of
recombinant bacterial plasmid cloning vehicles accord-
ing to the present invention. For completeness and
continuity, the specific experimental steps disclosed in
U.S. Pat. No. 4,666,836 are repeated herein in full, fol-
lowed by the experimental steps used to construct one
of the plasmids of the present invention. In U.S. Pat.
No. 4,666,836, two types or “families” of vehicles were
disclosed, one for constitutive gene expression (labelled
the “pIN-I” type), and the other for inducible gene
expression (the “pIN-II" type). The auto-regulated
inducible expression plasmids of the present invention
are hereinafter referred to collectively as the “pIN-III”
type or series.

In the remainder of this application, the insertion site
located within the DNA sequence coding for the
prolipoprotein signal peptide will be designated the “A"”
site, while the insertion site located immediately after
the last codon, of the signal peptide will be labelled the
“B” site, and the insertion site located after the codon
for the eighth amino acid residue of the mature lipopro-
tein will be referred to as the “C” site (see FIG. 5). For
each site, three plasmids can be prepared (one corre-
sponding to each of the three possible reading frames),
yielding a total of nine expression plasmids in each se-
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ries which are labelled A-1, A-2, A-3, B-1, B-2, B-3, and
C-1, C-2, C-3.

The restriction enzymes used herein were obtained
from New England Biolabs and Bethesda Research
Laboratories. T4 DNA ligase was obtained from Be-
thesda Research Laboratories (unless otherwise indi-
cated), and S1 Nuclease was obtained from Miles Labo-
ratories.

A. Construction Of A Site Plasmids (pIN-I)

FIGS. 6-15 schematically depict the manner in
which recombinant plasmids incorporating the A inser-
tion site were constructed, and may be referred to in
connection with the following more particularized dis-
cussion.

1. Construction Of Plasmid pKEN111

The first step in the construction of the A site lpp
gene cloning vehicles was to construct a plasmid to
serve as a source of Ipp gene components in subsequent
steps of the procedure. The plasmid chosen to receive
the E. coli Ipp gene for this purpose was pSC101, a small
(molecular wt. approximately 5.8 megadaltons) plasmid
carrying a gene conferring resistance to the antibiotic
tetracycline (Tc¢) (Cohen, S. N,, et al.,, J. Bacteriol
132:734-737]1977]). As shown at 100 in FIG. 6, pSC101
includes a cleavage site for the restriction endonuclease
Eco RI located at the 5' end of the tetracycline resis-
tance gene. The plasmid pSC101 was obiained from Dr.
E. Ohtsubo at the Department of Microbiology, State
University of New York at Stony Brook.

As shown schematically at 101 in FIG. 6, 2 micro-
grams of plasmid pSCIOl DNA were digested to com-
pletion with two units of the restriction endonuclease
Eco RI in 50 microliters of a reaction mixture compris-
ing 100mM Tris:HCl (pH 7.5), 75 mM NaCl, 6 mM
MgCl,, 6 mM [B-mercaptoethanol and 100 micro-

. grams/ml bovine serum albumin (hereinafter “BSA”)
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(this reaction mixture will hereinafter be referred to as
an “Eco RI buffer”) at 37° C. for 60 minutes. To pre-
vent self-ligation of the Eco Rl-treated pSC101 DNA,
bacterial alkaline phosphatase (hereinafter “BAP”) was
added (0.1 units of Worthington BAPF), and in contin-
ued for 60 minutes at 37° C. The reaction was termi-
nated by phenol extraction, and the linearized DNAs
were recovered by ethanol precipitation.

A 2.8 kilobase (“Kb”") DNA fragment containing the
E. coli Ipp gene was separately derived, as shown at 102
in FIG. 6, from a hybrid A phage carrying the E. coli Ipp
gene {designated AlppEc-1). The Ipp gene had viously
been cloned into a A phage vector, A540 (Murray and
Murray, J. Mol. Biol. 98: 551-564 [1975]), as follows:
Total DNA (200 micrograms) isolated from an E. colf
K-12 strain merodiploid for the Ipp gene (JE5519/F506
[Movva, N. R, et al,, J. Bacteriol. 133: 81-84 (1978)])
was digested with 200 units of the restriction enzyme
Hind ITI. DNA fragments were separated on a prepara-
tive agarose gel, and fractions of DNA fragments of
approximately 10 Kb which showed positive hybridiza-
tion with 5'-3%.lipoprotein mRNA were collected,
using the Southern hybridization technique (J. Mol
Biol, 98: 503-517). A mixture of 10 Kb Hind III frag-
ments (enriched approximately twenty-fold) and Hind
Iil-cleaved AS40 vector DNA was reacted with T4
DNA ligase. Ligated DNA was used to transfect E. coli
K802, NRRL B-15016 (obtained from Dr. F. R. Blatt-
ner at the Laboratory of Genetics, University of Wis-
consin-Madison). This strain is available to the public
from the permanent collection of the Northern Re-
gional Research Laboratory, U.S. Department of Agri-
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culture, Peoria, Illinois, U.S.A. Recombinant phages
carrying the Ipp gene were screened by the plaque
hybridization technique of Benton and Davis (Science
196: 180-182 [1977]) using 5'-32P-lipoprotein mRNA.
One of the plaques examined which gave positive hy-
bridization was found to carry a fully functional Ipp
gene, and was designated AlppEc-1.

Two hundred micrograms of AlppEc-1 DNA were
then digested completely with 200 units of the restric-
tion enzyme Hae III in 500 microliters of a reaction
mixture containing 6 mM Tris:HCl (pH 7.5), 6mM
MgCl, 6 mM NaCl, 6 mM 8-mercaptoethanol and 100
micrograms/ml BSA (the foregoing reaction mixture
will hereinafter be referred to as a “Hae III buffer”) at
37° C. for 2 hours, and the 2.8 Kb Hae III fragment
carrying the E. coli Ipp gene was purified by fraction-
ation on a 5% polyacrylamide gel according to follow-
ing procedure: The reaction mixture was first extracted
with phenol, and the DNA fragments were then precip-
itated with 2.5 volumes of ethanol, dried under vacuum,
dissolved in 200 microliters of a buffer comprising 5%
glycerol, 20 mM EDTA, 0.05% bromophenol blue and
0.05% xylen cyanol (this mixture will hereinafter be
referred to as a “gel buffer”) and thereafter fractionated
on a 5% polyacrylamide gel. The DNA band which
had migrated to a 2.8 Kb position was excised from the
gel, and the DNA fragments were eluted from the gel
by electrophoresis. Ethidium bromide dye, used to lo-
cate the DNA band in the gel, was removed from the
DNA fragments by phenol extraction. The DNA frag-
ments were precipitated with 2.5 volumes of ethanol,
centrifuged, dissolved in 200 microliters of 0.3M Na-
acetate, re-precipitated with 0.5 ml of ethanol and dried
again under vacuum. Approximately 10 micrograms of
a purified 2.8 Kb Hae III fragment were recovered.

In order to clone the 2.8 Kb Hae III fragment into
pSC101, synthetic “Eco RI linker” molecules were
attached to the termini of the 2.8 Kb Hae III fragment,
as shown schematically at 103 in FIG. 6. The Eco RI
linker (FGGAATTCC?; obtained from Collaborative
Research) was phosphorylated by T4 polynucleotide
kinase (obtained from P.L. Biochemicals) with ATP in
50 microliters of a reaction mixture containing 3 moles
of the linker, 66 mM Tris:HCI (pH 7.5), 10 mM MgC13,
10 mM B-mercaptoethanol, 60 uM ATP and 10 units of
T4 polynucieotide kinase. After the mixture was incu-
bated at 37° C. for 30 minutes, it was heated at 60° C. for
10 minutes, and cooled to 37° C. Five microliters of
0.1M S-mercaptoethanol and 10 units of T4 polynucleo-
tide kinase were added to the mixture, and the reaction
was continued at 37° C. for 30 minutes. The reaction
was terminated by freezing the mixture in a dry ice-
ethanol bath.

The 2.8 Kb Hae III fragment (2 micrograms) was
mixed with 150 pmoles of phosphorylated Eco RI
linker and was treated with 4 units of T4 DNA ligase in
12.5 microliters of a reaction mixture containing 66 mM
Tris:HCl (pH 7.5), 10 mM MgC1,, 10mM dithiothreitol
(the foregoing reaction mixture will hereinafter be re-
ferred to as a “ligase buffer”) and 0.6 mM ATP at 12.5°
C. for 15 hours. The reaction was terminated by diluting
the ‘mixture twenty-fold with Eco RI buffer and by
heating the mixture at 60° C. for 10 minutes. Thirty
units of the restriction enzyme Eco RI were added, and
the mixture was incubated at 37° C. for one hour to
create Eco RI cohesive termini. The reaction was ter-
minated by heating at 60° C. for 10 minutes.
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The mixture thus obtained was added to 2 micro-
grams of the previously-linearized plasmid pSC101
DNA, and phenol extraction was performed. After
extraction with ether, the DNAs were precipitated with
ethanol, dried under vacuum, and dissolved in 100 mi-
croliters of ligase buffer. The mixture was heated at 37°
C. for 5 minutes, and the Eco RI cohesive termini were
annealed by incubating at 4° C. for 16 hours and then at
0° C. for one hour. After adding ATP (0.4 mM final)
and 1 unit of T4 DNA ligase, the mixture was incubated
at 12.5° C. for 7 hours.

One-fourth of the ligation mixture was thereafter
used to transform E. coli lpp deletion mutant strain
JE5527, NRRL B-15012 (F—, man, lpp-2, pps, thi, his,
rpsL, gyrA, recAl [Hirota, Y., et al,, Proc. Natl. Acad.
Sci. U.S.A. 74: 1417-1420 (1977)), obtained from Dr. Y.
Hirota, National Institute of Genetics, Mishima, Japan).
This strain is available to the public from the permanent
collection of the Northern Regional Research Labora-
tory, U.S. Department of Agriculture, Peoria, Ill,
U.S.A. Transformation was carried out as described in
Cohen, S. N., et al.,, Proc. Natl. Acad. Sci. U.S.A. 69:
2110-2114 (1972), and tetracycline-resistant transfor-
mants were grown overnight on Whatman 3MM filter
papers, placed on the surface of an L broth plate con-
taining 10 micrograms/ml of tetracycline, and screened
for Ipp clones by colony hybridization (Gergen, J. P., et
al., Nucleic Acids Res. 7: 2115-2136 [1979]). A 0.95 Kb
Msp I fragment of AMppEc-1 containing the lpp gene

‘was nick-translated with {a-32p]dATP and [a-

32p]dCTP, as described in Maniatis, T., et al., Proc. Narl.
Acad. Sci. U.S.A. 72: 1184-1188 (1975), and was used as
a 32p-probe. One of the transformants which gave posi-
tive hybridization was shown to contain the plasmid
with the structure illustrated at 104 in FIG. 6, and this
plasmid was designated pKEN111. This plasmid is ob-
tainable from E. coli CC620/pKEN111, NRRL B-
15011, which is available to the public from the perma-
nent collection of the Northern Regional Research
Laboratory, U.S. Department of Agriculture, Peoria,
Illinois, U.S.A. The plasmid can be obtained from
NRRL B-15011 by conventional means.

2, Construction Of Plasmid pKENGO8

The parental plasmid chosen for construction of the
Ipp gene expression plasmids of the present invention
was pBR322 (molecular wt. approximately 2.6 mega-
daltons), carrying genes conferring resistance to the
antibiotics ampicillin (Amp) and tetracycline (Tc) (Boli-
var, F., et al,, Gene 2: 95-113 [1977]). As shown in FIG.
7, pBR322 includes an Eco RI cleavage site located at
the 5’ end of the tetracycline resistance gene, as well as
a Hind III cleavage site located within the promoter of
the tetracycline resistance gene and a Pvu I cleavage
site located within the ampicillin resistance gene. The
plasmid pBR322 was obtained from Dr. N. Arnheim of
the Department of Biochemistry, State University of
New York at Stony Brook, and is available commer-
cially from Bethesda Research Laboratories.

FIG. 5 illustrates schematically the various compo-
nents of the Ipp gene, each of which is identified by a
symbol or shading. Specifically, the shaded segment
indicated by the letter “a” identifies the A-T rich region
of approximately 260 base pairs preceding the transcrip-
tion initiation site and containing the lpp promoter. The
5'-untranslated region is identified by the segment con-
taining the circular device and marked with the letter
“b”. The signal peptide region of the prolipoprotein is
identified by the diagonally hatched and shaded seg-
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ment “c”. The structural region of the Ipp gene is identi-
fied by the diagonally hatched segment labelled with
the letter “d”, while the speckled segment ‘“‘e” identifies
the 3'-untranslated region and the transcription termina-
tion site. These symbols and shading are used in a like
manner to identify the same functional fragments of the
Ipp gene in FIGS. 7-11, 15, 17-18, 21-23, and 26-29.

FIG. 7 illustrates the strategy used for inserting a
fragment carrying the promoter and the 5'-untranslated
region of the lpp gene into pBR322. The fragment
chosen for this purpose was a 462 bp Alu I fragment of
pKEN111 which, as shown schematically at 105A in
FIG. 5, contains not only the promoter sequence and
the 5'-untranslated region (positions —45to —1 and +1
to <+ 39, respectively) of the Ipp gene, but also the entire
extremely A-T rich segment preceding the promoter
sequence. -

In order to clone the 462 bp Alu I fragment contain-
ing the Ipp promoter region in pBR322, the DNA frag-
ment lying between the Eco RI and Hind III cleavage
sites of pBR322 (containing the promoter of the tetracy-
cline resistance gene) was first deleted, as shown sche-
matically at 106 in FIG. 7, using the following proce-
dure: 11 micrograms of pBR322 plasmid DNA were
digested with 11 units of Hind III restriction endonucle-
ase in 200 microliters of a reaction mixture comprising
10 mM Tris:HCI (pH 7.5), 10 mM MgCls, 60 mM NaCl,
6 mM B-mercaptoethanol and 100 micrograms/ml! BSA
(this reaction mixture will hereinafter be referred toasa
“Hind III buffer™) at 37° C. for one hour. After diges-
tion was completed, phenol extraction was performed,
and DNAs were recovered by ethanol precipitation.

To remove the Hind III cohesive termini, the DNA
was treated with 1.5 microliters of S1 Nuclease (Miles
Laboratories) in a iinal volume of 300 microliters of a
buffer containing 30 mM Na-acetate (pH 4.25), 0.3M
NaCl and 4 mM ZnS04 (hereinafter referred to as an “S1
buffer”) at 20° C. for one hour. The reaction was termi-
nated by adding 30 microliters 500 mM Tris:HCl (pH
8.0) and 30 microliters 250 mM EDTA, following
which phenct extraction was performed. To remove
phenol, the mixture was extracted with ether and dia-
lyzed against 0.01 X SSC (SSC=0.15M NaCl+0.015M
Na-citrate) at 4° C. overnight, and the DNAs were
recovered by ethanol precipitation.

Phosphorylated Eco RI linker (200 pmoles) was then
. added and the mixture was treated with 4 units of T4
DNA ligase in 12.5 microliters of ligase buffer contain-
ing 0.6 mM ATP at 12.5° C. for 16 hours. Eco RI cohe-
sive termini were created by addition of 30 units of Eco
RI restriction enzyme in 75 microliters of Eco RI buffer
at 37° C. for 2 hours. The reaction was terminated by
phenol extraction and the DNAs were recovered by
ethanol precipitation.

Eco RI cohesive termini were ligated and the plasmid
was thereby re-circularized by treatment with 0.3 units
of T4 DNA ligase in 20 microliters of ligase buffer
containing 0.4 mM ATP at 12.5° C. for 7 hours. A 0.5
microgram aliquot of the ligated DNA was used to
transform E. coli strain JE5519, NRRL B-15013 (F—,
aroD, man, argE, lac, gal, rpsL, gyrA, recAl; obtained
from Dr, Y. Hirota, National Institute of Genetics, Mis-
hima, Japan). This strain is available to the public from
the permanent collection of the Northern Regional
Research Laboratory, U.S. Department of Agriculture,
Peoria, Ili,, U.S.A. Ten of the ampicillin-resistant, tetra-
cycline-sensitive transformants were grown overnight
in one ml of L broth containing 50 micrograms/mi of

20
ampicillin. Plasmid DNAs were isolated from 0.5 ml of
the cultures by the rapid alkaline-denaturation method
described by Birnboim, H. C. and Doly, J., Nucleic
Acids Res. 7: 1513 (1979), and analyzed by restriction
enzyme mapping. One of the plasmids had the structure
shown at 107 in FIG. 7, and was designated pKENOOS.
As shown schematically at 108 in FIG. 7, the 462 bp
Alu I fragment containing the lop promoter was de-
rived as follows: 100 micrograms of pKEN111 plasmid
DNA were digested with Msp I restriction enzyme in
600 microliters of a buffer containing 10 mM Tris:HCl
(pH 7.5), 10 mM MgCl, 6 mM KCI, 1 mM dithio-
threitol, and 100 micrograms/ml BSA (this mixture will
hereinafter be referred to as an “Hpa I buffer”) at 37° C.
for 3 hours. (Although pKEN111 contains numerous
Msp I cleavage sites, only the two of interest are illus-
trated at 109 in FIG. 7.) Following extraction with
phenol, the DNA fragments were precipitated with 2.5
volumes of ethanol, dried under vacuum, dissolved in
100 microliters of gel buffer, and fractionated on a 5%
polyacrylamide gel. Approximately 6 micrograms of a
purified 0.95 Kb Msp I fragment were recovered after
elution of the separated DNA fragments from the gel.

- The purified 0.95 Kb Msp I fragment was subsequently
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digested with Alu I restriction endonuclease in 400
microliters of Hind III buffer at 37° C. for 2 hours,
yielding a 462 bp Alu I fragment which was purified by
gel electrophoresis.

One microgram of the 462 bp Alu I fragment was
then mixed with 150 pmoles of phosphorylated Eco RI
linker and treated with 4 units of T4 DNA ligase in 10
microliters of ligase buffer containing 0.6 mM ATP at
12.5° C. for 16 hours. The ligated DNA was digested
with 40 units of Eco RI restriction enzyme in 100 micro-
liters of Eco RI buffer at 37° C. for one hour to create
Eco RI cohesive termini. The digestion was terminated
by heating the mixture at 60° C. for 10 minutes, and 0.6
micrograms of Eco RI-digested pKENOO5 plasmid
DNA were added to the mixture and phenol extraction
was performed. The DNAs were recovered by ethanol
precipitation, and the Eco RI cohesive termini were
joined by treating with 0.4 units of T4 DNA ligase in 20
microliters of ligase buffer containing 0.4 mM ATP at
12.5° C. for 7 hours. Ligated DNAs were used to trans-
form E. coli strain JES519, NRRL B-15013, and trans-
formants were selected for tetracycline resistance on an
L broth plate containing 12.5 micrograms/ml of tetra-
cycline. Analysis of the plasmid DNAs isolated from
the tetracycline-resistant transformants by the rapid
alkaline-denaturation method showed insertion of the
462 bp Alu I fragment at the Eco RI site of pKEN0OS
as depicted at 110 in FIG. 7, and one of the plasmids
thus obtained was designated pKENOQOS.

3. Construction Of Plasmid pKENO10

The next step in the construction of the A site lpp
gene cloning vehicles was to eliminate one of the two
Eco RI cleavage sites of pKIEN0OS. This was necessary
in order to insure that the only insertion point available
for the exogenous gene chosen for cloning would be
immediately downstream of the 462 bp Alu I fragment
(now an Eco RI fragment) containing the lpp gene
promoter and 5'-untranslated region. FIG. 8 illustrates
schematically the strategy for removing the Eco RI site
distal to the lpp gene promoter.

In order to accomplish this result, the following pro-
cedure was used: 4 micrograms of Eco Rl-digested:
pBR322 plasmid DNA were treated first with S1 Nu-
clease to remove the Eco RI cohesive termini, and then
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with BAP to prevent self-ligation. As shown schemati-
cally at 111 in FIG. 8, the DNAs were then mixed with
0.76 micrograms of the purified 462 bp Alu I fragment
(derived from pKEN111 as described above in connec-
tion with FIG. 7), and blunt-end ligated with 2.4 units of 5
T4 DNA ligase in 10 microliters of ligase buffer con-
taining 0.6 mM ATP at 12.5° C. for 16 hours. One-half
of the ligated DNA was used to transform E. coli strain
JES519, NRRL B-15013, and one transformants was

shown to contain the plasmid with the structure illus- 10

trated at 112 in FIG. 8. This plasmid was designated
pKENO002, and after digestion of 25 micrograms of
pKENO02 plasmid DNA with Pvu I and Xba I restric-
tion enzymes in 500 microliters of a buffer comprising 6
mM Tris:HCI (pH 7.9), 6mM MgCls, 150mM NaCl, 6 15
mM B-mercaptoethanol and 100 micrograms/ml BSA
(the foregoing mixture will hereinafter be referred to as
a “Bam HI buffer”) at 37° C. for one hour, a 1.04 Kb
Pvu I-Xba I DNA fragment (illustrated at 113 in FIG.

8) was purified by gel electrophoresis. 20

As shown schematically at 114 in FIG. 8, a 24 bp Xba
I-Eco RI DNA fragment was derived from pKENOO8
as follows: 25 micrograms of pKENOO8 plasmid DNA
was digested with Eco RI restriction enzyme, and a 470
bp Eco RI fragment was purified by gel electrophoresis. 25
One microgram of the 470 bp Eco RI fragment was
then digested with Xba I restriction enzyme, and was
mixed with one microgram of the 1.04 Kb Pvu I-Xba I
DNA fragment obtained previously, as well as with
0.75 micrograms of pKENQOS5 plasmid DNA previously
digested with Pvu I and Eco RI restriction enzymes (as
shown at 115 in FIG. 8). The DNA mixture was treated
with 0.8 units of T4 DNA ligase in 50 microliters of
ligase buffer containing 0.4 mM ATP at 12.5° C. for 7
hours. One-half of the ligated DNA was used to trans- 35
form E. coli strain JE5519, NRRL B-15013, and trans-
formants were selected for tetracycline resistance.
Analysis of the plasmid DNAs obtained from 0.5 ml
cultures of tetracycline-resistant transformants by the

W

rapid alkaline-denaturation method, indicated that one 40

of the plasmids had the structure shown at 116 in FIG.
8. This plasmid was designated pKENO10.

4, Constructin Of Plasmid pKENO18

FIG. 9 illustrates the strategy used for cloning a
DNA fragment carrying the 3'-untranslated region and 45
the transcription termination site of the Ipp gene. The
fragment chosen for this purpose was a 0.95 Kb Pvu
II-Hpa I fragment of pKEN111, shown schematically at
105D in FIG. 5. Since the Pvu II restriction enzyme

cleaves the Ipp gene sequence between positions +167 50

and + 168, this fragment contains approximately the
latter half of the Ipp gene (see FIGS. 1 and 5). In order
to insert this fragment into the cloning vehicle in the
same orientation as the promoter fragment, Bam HI

linker and Sal I linker were attached to the Pvu II and 55

Hpa 1 cleavage sites, respectively.

As shown schematically at 117 in FIG. 9, a 2.8 Kb
Eco RI fragment was obtained from pKENIN plasmid
DNA by digestion with Eco RI restriction enzyme and

fractionation on a polyacrylamide gel, and 10 micro- €0

grams of this purified fragment were digested com-
pletely with Pvu II restriction endonuclease in 500 mi-
croliters of Hae III buffer at 37° C. for one hour. The
reaction was terminated by phenol extraction, and the

mixture was extracted with ether. The DNA fragments 65

were precipitated with 2.5 volumes of ethanol, centri-
fuged, re-dissolved in 200 microliters of 0.3M Na-ace-
tate and re-precipitated with 0.5 ml of ethanol. Five

0
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micrograms of the Pvu Il-digested 2.8 Kb Eco RI frag-
ment were mixed with 390 pmoles of phosphorylated
Bam HI linker and blunt-end ligated with 6 units of T4
DNA ligase in 25 microliters of ligase buffer containing
0.6 mM ATP at 12.5° C. for 16 hours. The reaction
mixture was diluted to 150 microliters with Hae III
buffer and heated at 60° C. for 10 minutes to inactivate
the T4 DNA ligase. After the addition of 60 units of
Hae III restriction enzyme, the mixture was incubated
at 37° C. for one hour.

Since the Bam HI linker used here (obtained from
Collaborative esearch and phosphorylated in the same
manner as described previously in connection with the
Eco RI linker) has the Tbase sequence
YCCGGATCCGG?, the recognition sequence for the
restriction enzyme Hae III

Elclclelel
3+CCGGs

was created at the junction of any two linker fragments.
Thus, the use of Hae III restriction enzyme as set forth
above to digest the Bam HI linker-ligated Pvu II frag-
ments (which fragments do.not contain any internal
Hae III cleavage sites) effected the removal of superflu-
ous multiple Bam HI linker fragments joined to the Pvu
11 terminus, leaving only one such linker fragment di-
rectly joined to that terminus. This procedure greatly
simplified the purification of the DNA fragment con-
taining the 3’ end of the Ipp gene, as described below.
After inactivation of the Hae ITI enzyme by heating
the reaction mixture at 60° C. for 10 minutes, the DNA
fragments were digested completely with Hpa I restric-
tion enzyme in 400 microliters of Hpa I buffer at 37° C.
for 2 hours. The reaction mixture was extracted with
phenol and the DNA fragments were precipitated with
ethanol, dried under vacuum, dissolved in 100 microli-
ters of gel buffer and fractionated on a 5% polyacryl-
amide gel. The DNA band which had migrated to a 0.95
Kb position was excised from the gel, and the DNA
fragments were eluted from the gel by electrophoresis.
After removal of ethidium bromide dye by phenol ex-
traction, the DNA fragments were precipitated with 2.5
volumes of ethanol, centrifuged, dissolved in 200 micro-
liters of 0.3M Na-acetate, re-precipitated with 0.5 ml of
ethanol and again dried under vacuum. Approximately
one microgramoof a purified 0.95 Kb Hae IiI-Hpa 1
fragment (illustrated at 118 in FIG. 9) was recovered.
One hundred and twenty pmoles of phosphorylated
Sal I linker (YGGTCGACC?'; obtained from Collabo-
rative Research and phosphorylated according to the
same procedure as described hereinabove) were mixed
with 0.75 micrograms of the purified 0.95 Kb Hae III-
Hpa I fragment, and blunt-end ligated with 3.5 units of
T4 DNA ligase in 25 microliters of ligase buffer con-
taining 0.6 mM ATP at 12.5° C. for 16 hours. The reac-
tion mixture was diluted with sufficient Bam HI buffer
to make a final volume of 300 microliters and was then
heated at 60° C. for 10 minutes. Sufficient amounts of
Bam HI and Sal I restriction enzymes were added and
the mixture was incubated at 37° C. for 2 hours to create
cohesive termini by cleaving the Bam HI and Sal 1
linkers attached to the Pvu II and Hpa I termini, respec-
tively, resulting in a 0.95 Kb Bam HI-Sal 1 fragment
(illustrated at 119 in FIG. 9). The restriction endonucle-
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ase digestion was terminated by heating at 60° C. for 10
minutes.

At this stage, half the volume of the mixture (150
microliters), containing approximately 0.38 micrograms
of the 0.95 Kb Bam HI-Sal I fragment, was mixed with
one microgram of pKENO14 plasmid DNA, which had
previously been digested with Bam HI and Sal I restric-
tion enzymes and treated with BAP (as shown schemat-
ically at 120 in FIG. 9). Plasmid pKENO14 had been
previously derived from pBR322 by deleting a 346 bp
Hind III-Bam HI fragment (containing most of the

" tetracycline resistance gene) from pBR322. This frag-
ment was removed in order to keep the size of the ex-
pression plasmids to a minimum (approximately 5 Kb).
The deletion of this fragment was accomplished, as

o

0

shown schematically at 121 in FIG. 9, by Hind IIT di- -

gestion, followed by S1 Nuclease treatment for one
hour at 20° C., Bam HI linker attachment, Bam HI
complete digestion, re-circularization by T4 DNA li-
gase, and selection of tetracycline-sensitive transfor-
mants.

The mixture of linearized pKENO014 plasmid DNA
and 0.95 Kb Bam HI-Sal I fragments was extracted with
phenol, and the DNAs were precipitated with 2.5 vol-
umes of ethanol, centrifuged and dissolved in 200 mi-
croliters of 0.3M Na-acetate. The DNAs were re-
precipitated with 0.5 ml of ethanol, centrifuged and
dried under vacuum. Cohesive termini of the DNA
fragments were annealed with 0.4 units of T4 DNA
ligase in 60 microliters of ligase buffer containing 0.4
mM ATP at 12.5° C. for 7 hours. Twelve microliters of
the ligated mixture were then used to transform E. coli
strain JE5519, NRRL B-15013, and twelve of the am-
picillin-resistant transformants were grown overnight in
one ml of L broth containing 50 micrograms/ml of
ampicillin, Plasmid DNAs were isolated from 0.5 ml of
the cultures by the rapid alkaline-denaturation method
and analyzed by agarose gel electrophoresis. Five of the
plasmid DNAs were found to carry the 0.95 Kb Bam
HI-Sal I fragment, and one of these plasmids was desig-
nated pKENO18. DNA sequencing of the pKENO18
plasmid DNA indicate structure shown at 122 in FIG.
9, and specifically showed that the Bam HI linker was
attached at the Pvu II site within the lpp gene at the
correct position.

5. Construction Of Plasmid pKENO021

The next step in the construction of the A site Ipp
gene cloning vehicles was to combine the lop promoter
fragment with the transcription terminator fragment in
the same orientation. This step was carried out by re-
placing a 630 bp Pvu I-Eco RI fragment of pKENO018
with a 1.1 Kb Pvu I-Eco RI fragment of pKENOIO, as
illustrated schematically in FIG. 10.

In order to accomplish this result, 20 micrograms of
pKENO10 plasmid DNA were digested to completion
(as shown at 123 in FIG. 10) with Pvu I restriction
endonuclease in 100 microliters of Bam HI buffer at 37°
C. for 1.5 hours, After inactivating the Pvu I enzyme by
heating the reaction mixture at 60° C. for 10 minutes, 52
microliters of water, 40 microliters of 0.5M Tris:HCl
(pH 7.5), 4 microliters of 0.1M MgCl; and 40 units of
Eco RI restriction enzyme were added. The reaction
mixture was incubated at 37° C, for one hour and the
digestion was terminated by phenol extraction. The
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DNA fragments were precipitated with 2.5 volumes of 65

ethanol, dried under vacuum, dissolved in 100 microli-
ters of gel buffer, and fractionated on a 5% polyacryl-
amide gel. Four micrograms of a purified 1.1 Kb Pvu

24
I-Eco RI fragment were obtained after elution of the
separated DNA fragments from the gel.

The purified fragment (0.75 micrograms) was then
mixed with 0.6 micrograms of pKENOQ18 plasmid DNA.
which had previously been double-digested with Pvu I
and Eco RI restriction enzymes and then treated with
BAP (as shown at 124 in FIG. 10). The Pvu I and the
Eco RI cohesive termini were ligated by treating with
0.4 units of T4 DNA ligase in 50 microliters of ligase
buffer containing 0.4 mM ATP at 12.5° C. for 7 hours.
Twenty-five microliters of the ligated mixture were
used to transform E. coli strain JE5519, NRRL B-15013,
and transformants were selected for ampicillin resis-
tance. Plasmid DNAs were isolated from ampicillin-
resistant transformants and amalyzed by agarose gel
electrophoresis. Restriction enzyme mapping indicated
that one of the plasmids had the structure shown at 125
in FIG. 10, and this plasmid was designated pKENO021.

6. Construction Of Plasmid pKENO037

FIG. 11 illustrates the final step in the construction of
the first A site Ipp gene expression plasmid. As shown at
126 in FIG. 11, pKENO021 carries both the lpp promoter
fragment and the Ipp transcription terminator fragment,
separated by a 32 bp fragment derived from pBR322.
By deleting the latter fragment and inserting a DNA
sequence coding for a desired polypeptide, a functional
moiety for expression of the desired polypeptide is pro-
vided. However, since there are Eco RI and Bam HI
cleavage sites at the ends of the 32 bp fragment, the
structure of plasmid pKENO21 allows only for the in-
sertion of exogenous DNA insert fragments having Eco
RI-Eco RI, Bam HI-Bam HI, or Eco RI-Bam HI cohe-
sive termini. Therefore, in order to expand the class of
exogenous genes which can be inserted to include those
tailored with other combinations of cohesive termini,
the DNA sequence in this region was modified to add a
Hind III cleavage site between the existing Eco RI and
Bam HI sites.

To accomplish this result, it was first desirable to
reduce the size of the plasmid by eliminating the 200 bp
Hind I1I-Cla I fragment in pKENO021, using the follow-
ing procedure: five micrograms of pKEN021 plasmid
DNA were partially digested with one unit of Cla [
restriction enzyme in 100 microliters of a reaction mix-
ture comprising 10 mM Tris:HCl (pH 8.0), 10 mM
MgClz and 100 micrograms/ml BSA at 37° C. for one
hour. After phenol extraction and ethanol precipitation,
Cla I cohesive termini were removed by treating with
600 units of S1 Nuclease in 200 microliters of S1 buffer
at 20° C. for one hour. The reaction was terminated by
adding 20 microliters of 0.5M Tris:HCI (pH 8.0) and 20
microliters of 0.25M EDTA. The mixture was extracted
with phenol and dialyzed for four hours against
0.01 X SSC. The DNAs were precipitated with 2.5 vol-
umes of ethanol, centrifuged and resuspended in 100
microliters of 0.3M Na-acetate. The DNAs were re-
precipitated with 250 microliters of ethanol, centri-
fuged, and dried under vacuum.

One microgram of the Sl-treated DNA was then
mixed with 70 pmoles of phosphorylated Hind III linker
(*CCAAGCTTGG?Y; obtained from Collaborative
Research and phosphorylated according to the same
procedure as described hereinabove) and blunt-end
ligated with 4 units of T4 DNA ligase in 20 microliters
of ligase buffer containing 0.6mM ATP at 12.5° C. for
16 hours. The mixture was then diluted to 100 microli-
ters with Hind III buffer and heated at 60° C. for 10
minutes. Twenty unitsoof Hind III restriction endonu-
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clease were added, and the mixture was incubated at 37°
C. for one hour to remove superfluous linker molecules
and to create Hind III cohesive termini. The reaction
mixture was then extracted with phenol, and the DNAs
were precipitated with ethanol. Plasmid DNAs (0.5
micrograms) were re-circularized by treating with 0.8
units of T4 DNA ligase in 15 microliters of ligase buffer
containing 0.4 mM ATP at 12.5° C. for 7 hours. Eight
microliters of the ligated mixture were used to trans-
form E. coli strain JA221, NRRL B-15014 (recA—, hr—,
hm-+, AtrpES$, thr, leu, thi, lacY —; obtained from Dr. J.
Carbon, Dept. of Biological Sciences, University of
California, Santa Barbara). This strain is available to the
public from the permanent collection of the Northern
Regional Research Laboratory, U.S. Department of
Agriculture, Peoria, Illinois, U.S.A. Among the plasmid
DNAs which were purified from the ampicillin-resist-
ant transformants was one that had the structure shown
at 127 in FIG. 11, and this plasmid was designated
pKENGO30. .

In order to eliminate the Hind IIT cleavage site of
pKENO030, 2.5 micrograms of pPKEN030 plasmid DNA
were digested with 5 units of Hind III restriction en-
zyme in 50 microliters of Hind III buffer at 37° C. for
one hour. After phenol extraction and ethanol precipita-
tion, the Hind III cohesive termini were removed by
treating with 400 units of S1 nuclease in 200 microliters
of S1 buffer at 20° C. for one hour. Following recovery
of the DNA, 0.75 micrograms of the S1-treated plasmid
DNAs were re-circularized by treating with 2 units of
T4 DNA ligase in 10 microliters of ligase buffer con-
taining 0.6 mM ATP at 12.5° C. for 16 hours. Three
microliters of the ligated mixture were then used to
transform E. coli strain JA221, NRRL B-15014, and one
of the plasmids isolated from the amicillin-resistant
transformants was found to have the structure shown at
128 in FIG. 11. This plasmid, designated pKENO033,
contained no Hind III cleavage sites.

As shown schematically at 129 in FIG. 11, and in
more detail in FIG. 12, the DNA sequence of plasmid
pKENO033 was modified to create a Hind III cleavage
site between the Eco RI and Bam HI sites, as follows: 5
micrograms of pKENO33 plasmid DNA (having the
- DNA sequence of interest shown in FIG. 12, line a)
were digested with 10 units of Bam HI restriction endo-
nuclease in 50 microliters of Bam HI buffer at 37° C. for
one hour. After inactivation of the Bam HI enzyme by
heating the reaction mixture at 60° C. for 10 minutes,
the linearized DNA fragments were further digested
with 10 units of Eco RI enzyme in 100 microliters of
Eco RI buffer at 37° C. for one hour (see FIG, 12, line
b). After phenol extraction and ethanol precipitation,
the DNAs (3.6 micrograms) were treated with three
units of T4 DNA polymerase (obtained from Bethesda
Research Laboratories) in 20 microliters of a reaction
mixture containing 50 mM Tris:HCl (pH 8.0), 100 mM
KCl, 6 mM MgCly, and 6 mM dithiothreitol (this reac-
tion mixture will hereinafter be referred to as a “poly-
merase buffer”) in the presence of 0.1 mM each of
dATP, dGTP, dCTP and dTTP at 12.5° C. for 45 min-
utes, By this procedure, the Bam HI and the Eco RI
“sticky ends” were filled in completely, as shown in
FIG. 12, line c.

After recovery of the DNAs, 300 pmoles of phos-
phorylated Hind III linker were added, followed by
bluntend ligation with 4 units of T4 DNA ligase in 15
microliters of ligase buffer containing 0.6 mM ATP at
12.5° C. for 16 hours. The mixture was then diluted to
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100 microliters with Hind III buffer, and digested with
100 units of Hind III restriction enzyme. The mixture
was incubated at 37° C. for one hour to remove super-
fluous linker molecules and to create Hind III cohesive
termini (see FIG. 12, line d), which were later joined
(thereby re-circularizing the plasmid DNAS) by treating
0.8 micrograms of the DNA with 0.4 units of T4 DNA
ligase in 20 microliters of ligase buffer containing 0.4
mM ATP at 12.5° C. for 7 hours. Following transforma-
tion of E. coli strain JA221, NRRL B-15014, with a
portion of th ligated mixture, plasmid DNAs were iso-
lated from the ampicillin-resistant colonies, and one of
them had the structure indicated at 130 in FIG. 11 and
was designated pKENO37. Analysis of the DNA nucle-
otide sequence of pKENO037 revealed the DNA se-
quence depicted in FIG. 12, line ¢, in which one G-C
pair was deleted between the Hind III and Bam HI
cleavage sites (for reasons which are presently un-
known), and confirmed that pKENO037 was the consti-
tutive A-1 cloning vehicle of the invention of U.S. Pat.
No. 4,666,836.

7. Construction Of Plasmids pKENO039 and
pKENO040

In order to accommodate DNA insert fragments with
reading frames differing from that of pKEN037, the A-2
and A-3 Ipp gene cloning vehicles were constructed by
adjusting the reading frame of pKENO030 at the Eco RI
cleavage site. FIG. 13, line a, and FIG. 14, line a, both
illustrate the DNA sequence surrounding the transla-
tion initiation site of the prolipoprotein in pKEN111. As
shown, this sequence includes an Alu I cleavage site
between positions +45 and +46. In creating plasmid
pKENO0S, an Eco RI linker was attached to the Alu I
terminus, resulting in the DNA sequence shown in FIG.

5 13, line b, and in FIG. 14, line b, in plasmids pKENO0OS,

pKENO10, pKENO021 and pKENO030, and creating an
Eco RI cleavage site between positions +47 and +48.
The DNA sequence of pKEN030 was modified at the
Eco RI site, as shown in FIG. 13, line ¢, and in FIG. 14,
line ¢, to shift its reading frame by one base and by two
bases, respectively.

To accomplish this result in the first case to produce
a plasmid with the A-2 reading frame, 5 micrograms of
pKENO30 plasmid DNA were digested completely
with Eco RI restriction enzyme in 100 microliters of
Eco RI buffer at 37° C. for 60 minutes. After phenol
extraction and ethanol precipitation, the DNAs were
treated with 3 units of T4 DNA polymerase in 30 micro-
liters of polymerase buffer in the presence of 0.1 mM
dGTP and 0.1 mM JdATP at 12.5° C. for 45 minutes.
The reaction was terminated by adding EDTA to a
final concentration of 25 mM, followed by phenol ex-
traction. By this procedure, half of the 4-base Eco RI
“sticky end” was filled in with two A residues. The
remaining two single-strand A residues were removed
by treating with S1 Nuclease in 200 microliters of Sl
buffer at 20° C. for one hour. The reaction was termi-
nated by adding 20 microliters of 0.5M Tris:HC] (pH
8.0) and 20 microliters of 0.25M EDTA. The mixture
was extracted with phenol and dialyzed overnight
against-0.01 X SSC. The DNAs were precipitated with
2.5 volumes of ethanot, centrifuged and re-suspended in
100 microliters of 0.3M Na-acetate. The DNAs were
re-precipitated with 250 microliters of ethanol, centri-
fuged, and dried under vacuum.

In order to restore the Eco RI cleavage site, one
microgram of the S1-treated DNA was first mixed with
70 pmoles of phosphorylated Eco RI linker and blunt-
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