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(7) ABSTRACT

The invention provided herein includes novel gram negative
bacteria cells containing the Hte mutation. Other aspects of
the invention include methods for rendering gram negative
bacterial cells bearing the Hte region, such as E. coli cells
competent for DNA transformation using any of a variety of
competency inducing procedures. The competent cells of the
subject invention may be frozen so as to provide for pro-
longed storage.
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HIGHLY TRANSFORMABLE BACTERIAL
CELLS AND METHODS FOR PRODUCING
THE SAME

1.0. TECHNICAL FIELD OF THE INVENTION

The present invention generally relates to the field of
recombinant DNA technology. More specifically, the inven-
tion describes a novel bacterial mutation characterized by an
ability to confer a high efficiency of transformation
phenotype, and methods for producing highly competent
cells using bacteria comprising the novel mutation.

2.0. BACKGROUND OF THE INVENTION

The process of introducing DNA (and other similar
polynucleotides) into host cells is a key aspect of recombi-
nant DNA technology The process by which polynucleotides
are introduced into host cells is called transformation. Bac-
terial cells generally remain the preferred hosts for the
majority of recombinant DNA experiments and genetic
engineering manipulations. Of particular interest for genetic
engineering experiments is the bacteria Escherichia coli.
Given that “competence” (the ability to efficiently uptake
exogenous DNA) is not a natural feature of the E. coli
growth cycle, artificial procedures must be used to introduce
exogenous polynucleotides into E. coli. Of particular
interest, are a variety of competency inducing procedures
that render bacteria, including E. coli, more permeable to
exogenous nucleic acid. Bacterial cells that have been
treated to enhance their permeability to polynucleotides are
generally referred to as competent cells.

There are many established procedures for making com-
petent cells. These procedures include the CaCl, incubation
methods of Mandel and Higa, J. of Mol. Biol. 53:159 (1970),
as well as numerous well-known variants thereof. Hanahan
has made a detailed study of factors that effect the efficiency
of transformation of E. coli cells (J. Mol. Biol. 166:557-580
(1983)) where he describes a method of producing highly
competent . coli cells comprising the step of washing F.
coli cells in a buffer comprising potassium acetate, KCl,
MnCl,, CaCl,, and hexamine cobalt chloride, which is
generally regarded as the best available method of producing
highly competent E. coli. Another method of producing
competent £. coli cells is described by Jessee et al., U.S. Pat.
No. 4,981,797. Jessee et al. shows that high levels of
competency may be induced by growing F. coli cells in a
temperature range of 18° C. to 32° C. as part of the
competency inducing procedure.

The various techniques for rendering E. coli cells com-
petent produce competent E. coli cells having varying of
transformation efficiencies. The precise mechanism by
which DNA enters competent E. coli is not completely
understood. Nor is it completely understood why one com-
position of competent E. coli cells differs in transformation
efficiency from that of another composition of competent F.
coli cells. Hanahan, in Escherichia Coli and Salmonella
Typhimurium: Cellular and Molecular Biology, editor F. C.
Neidhardt, American Society for Microbiology, Washington,
D.C. (1987).

The above methods have been further optimized to
achieve efficiencies of approximately 1x10° cfu/ug super-
coiled plasmid DNA. Although this number appears high,
the theoretical efficiency for the test plasmid (pUC) is
3x10"* cfu/ug. Furthermore, when applied to practical labo-
ratory conditions, such as the transformation of DNA sub-
strates that were ligated rather than supercoiled, the actual
number of colony forming units observed was many orders
of magnitude lower than that achieved when supercoiled
pUC was used as a test substrate.
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Even with past developments, only a minute fraction of
the cells in a preparation of “competent” E. coli cells, are
actually competent for DNA uptake. Thus, the methods and
cells presently used to generate compositions of competent
E. coli cells may yet be significantly improved.

Alternatively, other methods of producing competent cells
may result in the formation of competent £. coli cells that
each have an enhanced ability to replicate and expresses
exogenously added DNA. Hanahan, in J. Mol Bio.
166:557-580 (1983) has speculated that competent E. coli
cells contain channels for transport of DNA across the cell
envelope, and that the limiting step in determining the
competency for transformation of E. coli cells are events that
occur in the cell after the cell has taken up the DNA of
interest, i.e., the establishment step. Another factor affecting
the transformation efficiency of a composition of competent
E. coli cells is the genotype of the cells. Some strains of F.
coli are known to produce more highly transformable com-
petent cell compositions than other strains of E. coli that
have been subjected to the same competency inducing
procedure.

Subsequent to the initial discovery that E. coli could be
rendered competent for DNA uptake, studies have been
undertaken to increase transformation efficiency. The maxi-
mum level of transformation efficiency obtained using the
method of Hanahan described in J. Mol. Bio. 166:557-580
(1987), which employs the step of washing cells in a buffer
comprising potassium acetate, KC1, MnCl,, CaCl,, glycerol,
and hexamine cobalt chloride, is approximately 1x10° trans-
formants per microgram of supercoiled pUC18 plasmid
DNA. On a per cell basis, this translates to approximately 1
cell out of 300 in the population actually becoming trans-
formed. However, the above number generally only applies
to small supercoiled plasmids. When large plasmids, or
ligated molecules are involved, as is the case with many
recombinant DNA experiments, the number of “competant”
cells that actually become transformed is dramatically
reduced. As such, a need continues to exist for new and
improved methods for producing competent E. coli of supe-
rior transformability, as well as new strains of E. coli that
demonstrate superior transformability. Such methods and
strains would be of wide interest to most researchers in the
field of genetic engineering in that the number of transfor-
mations required to obtain the desired result would be
minimized. Thus, for example, larger genetic libraries could
be built more easily as well as the construction of complex
recombinant molecules achieved more readily.

3.0. SUMMARY OF THE INVENTION

The invention described herein provides a method of
producing novel strains of highly transformable gram nega-
tive bacterial cells such as F. coli that may be used in a wide
variety of competency inducing procedures. The methods of
the subject invention involve methods of mutagenizing
bacterial cells, selecting the mutagenized cells for a high
efficiency transformation phenotype, and using the mutated
genetic material responsible for (or associated with) high
efficiency transformation to construct novel compositions of
highly competent bacteria.

One embodiment of the present invention is a biologically
pure strain of E. coli which is characterized as comprising an
Hte mutation that confers a high efficiency of transformation
(of foreign plasmids) phenotype relative to . coli that lack
an Hte mutation.

Another embodiment of the subject invention is the novel
strain of F. coli XL10-GOLD, having the genotype A(mcrA)
183A (merCB-hsdSMR-mrr)173endAl supE44 thi-1 recAl
gyrA96 relAl lac tet® Hie [F' proAB lacl?ZAM15 Tnl0
(Tet®) Amy Cam®™]. The invention further relates to frozen
compositions of such cells, and methods for making the cells
competent.
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An additional embodiment of the present invention is the
use of cells harboring an Hte mutation to clone or subclone
heterologous genetic material of interest.

4.0. DETAILED DESCRIPTION OF THE
INVENTION

The presently described invention includes gram negative
bacterial cells, such as E. coli, that have been genetically
modified to have enhanced transformation efficiency after
being processed by an appropriate competency inducing
procedure when compared to E. coli cells lacking the genetic
modification. It has previously been shown that microor-
ganisms bearing the proper genotype can display drastically
enhanced transformation efficiency. In particular, U.S. Pat.
No. 5,512,468, herein incorporated by reference, describes
how the presence of the ai-amylase gene in E. coli increases
transformation efficiency.

The bacterial cells of the subject invention have been
modified by the incorporation of a mutated Hte region. For
the purposes of the present invention, the Hte region is
characterized as a region which confers a high efficiency of
transformation phenotype to cells harboring mutated forms
of the Hte region. For the purposes of the present disclosure,
the term “incorporation” as used herein shall mean the
insertion of a mutated variant of the Hte region into the
bacterial genome by homologous or nonhomolgous
recombination, or the episomal presence of a mutant variant
of the Hte region. Similarly, an Hte mutant is defined as a
mutated form of the Hte locus that confers a high efficiency
of transformation phenotype to a bacterial host harboring the
Hte mutation.

Preferably, bacterial hosts harboring mutated variants of
the Hte region shall be biologically pure. For the purposes
of the present invention, a “biologically pure” strain of
bacteria shall be derived from a single cell, or shall be at
least about 99.9 percent comprised of cells of directly
common ancestry.

The Hte region was identified by screening/selecting
mutagenized F. coli for an enhanced transformation effi-
ciency phenotype. In particular, a series of transformation
steps were used to screen mixed populations of bacterial
mutants to selectively enrich the population of “competent”
cells. The selective feature of the transformation screening
method stemmed from the use of a limiting amount of DNA.
Limiting the amount of DNA used during transformation
unexpectedly allowed for the enrichment and identification
of cells having an increased transformation efficiency after
antibiotic selection was applied. Previous studies had indi-
cated that essentially all of the cells in a given culture bind
exogenously added DNA, but only the small fraction of cells
that are actually “competent” for DNA uptake are trans-
formed. Given these reaction kinetics, one would not expect
that limiting the amount of DNA added would allow for the
efficient selection for cells bearing enhanced transformation
efficiency. Generally, a “limiting” amount of DNA describes
a situation where the molar ratio of DNA/cells is less than
1, typically less than about 0.5, more typically less than
about 0.1, and specifically less than about 0.05, and prefer-
ably about 0.001.

Multiple rounds (at least two rounds up to any practical
number) of selection by transformation may be employed to
more stringently select for cells having the property of being
capable of high efficiency transformation. Preferably, suc-
ceeding rounds of selection by transformation will proceed
using a series of different vectors and selectable markers.
Where applicable, the different vectors used during the
multiple rounds of selection by transformation shall prefer-
ably and respectively comprise origins of replication drawn
from different plasmid incompatibility groups. Additionally,
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although it is not necessary, the various transformants
obtained after a given round of selection may be individually
or collectively recovered prior to the next round of selection
by transformation.

After bacteria displaying the desired high efficiency of
transformation phenotype were identified, a transposon
library was generated, and generalized P1 transduction was
used to move the mutated Hte region into suitable recipient
strains. The resulting “Hte™ bacteria displayed enhanced
transformation efficiency relative to cells that did not incor-
porate the Hte region, and a particularly enhanced transfor-
mation efficiency for relaxed plasmids and large plasmids.
For the purposes of the present invention, the term “trans-
formation efficiency” refers to a measure of the competence
level of a given composition of competent cells. Transfor-
mation efficiency is expressed in terms of the number of
transformants obtained for each microgram (or other
quantity) of exogenous DNA added to a competent cell
composition.

Typically, the presence of the Hte region will functionally
increase the transformation efficiency of a given bacteria by
at least about two fold, more typically at least about four
fold, and preferably by at least about one order of magni-
tude. Of particular interest is that the presence of the Hte
region enhances the transformation efficiencies of large
plasmids and topologically relaxed plasmids (plasmids that
are neither substantially supercoiled nor underwound). For
the purposes of the present invention, the term “large
plasmid” shall typically refer to plasmids at least about 15 kb
in size, preferably at least about 25 kb up to about 100 kb.
For the purposes of the present invention, the presence of a
mutant variant of the Hte region in a given bacteria will
typically increase the transformation efficiency for large
and/or relaxed plasmids of by at least about two fold, more
typically at least about four fold, preferably by at least about
six to eight fold, and more preferably by at least about one
to two orders of magnitude.

A specific embodiment of the subject invention is the
novel strain of E. coli L10-GOLD. On Apr. 28, 1997, strain
XL10-GOLD was deposited at the American Type Culture
Collection (ATCC), Rockville, Md., USA, now located at
Manassas, Va., USA, under the terms of the Budapest Treaty
on the International Recognition of the Deposit of Micro-
organisms for the Purposes of Patent Procedure and Regu-
lations thereunder (Budapest Treaty), and is thus maintained
and made available according to the terms of the Budapest
Treaty. Availability of such strain is not to be construed as
a license to practice the invention in contravention of the
rights granted under the authority of any government in
accordance with its patent laws.

The deposited culture has been assigned the indicated
ATCC deposit number:

ATCC No.

X1L10-GOLD 55962

Other aspects of the invention include methods for ren-
dering gram negative bacteria, such as E. coli cells compe-
tent for transformation. These methods minimally involve
the step of transferring a polynucleotide encoding a suitably
mutated variant of Hte region into E. coli. Such modified
cells may subsequently be rendered competent using any of
a wide variety of competency inducing procedures. For the
purposes of the present invention, the term “competency
inducing procedure” refers to any procedure used to render
E. coli cells competent to transformation by exogenous
DNA. Competency inducing procedures for E. coli (and
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other gram negative bacteria) are well known to the person
of average skill in the art of molecular biology. Although
competency inducing techniques vary considerably from
one another, almost all competency inducing techniques
involve the exposure of the cell to multivalent cations and
near 0° C. Competency inducing techniques for use in the
subject invention include, but are not limited to, the CaCl,
incubation method of Mandel and Higa (J. Mol. Bio.,53:159
(1970)), and the method of Hanahan, J. Mol. Bio.,
166:557-580 (1983) which employs treating the cells in a
series of buffers comprising potassium acetate, KCl, MnClL,,
CaCl,, glycerol, and hexamine cobalt chloride. The method
of Hanahan is particularly preferred for use in the subject
invention. In addition to or in lieu of the buffers taught by
Hanahan, buffers comprising rubidium chloride may also be
used. Additional teaching may be found in, among other
places, U.S. Pat. No. 4,981,797 (jessee) and Sambrook et al.,
Molecular Cloning: a Laboratory Manual, 2nd FEdition,
Cold Spring Harbor Press (1989), and periodic updates
thereof, and Hanahan and Bloom, in Escherichia Coli and
Salmonella Typhimurium: Cellular and Molecular Biology,
“Mechanisms of DNA Transformation”, editor F. C.
Neidhardt, American Society for Microbiology, Washington,
D.C. (1996) which are herein incorporated by reference.

The competent cells of the subject invention may be
transformed using most well known transformation proce-
dures. These procedures typically involve the step of expos-
ing competent cells to a heat pulse in the presence of
exogenous DNA. Examples of such transformation proce-
dures can be found in Mandel and Higa, J. of Mol. Biol.
53:159 (1970) and the standard high competency induction
method described by Hanahan (1983) J. Mol. Bio.
166:557-580 (1983).

The genetic constructs used to introduce the Hte region
into a bacterial host may be designed to either replicate
autonomously in the bacterial cell or to be incorporated into
the genome of the bacterial cell. Preferably, genetic con-
structs encoding the Hte region are designed to provide for
the stable maintenance of the Hte region within the host cell.
Additionally, where the genetic construct replicates
autonomously, the construct should not comprise an origin
of replication, e.g. a colE1 replicon, that results in plasmid
incompatibility with widely used bacterial vectors.

In addition to polynucleotide sequence encoding the Hte
region, the genetic construct may also comprise any one of
a number of conventional genetic vectors such as plasmids,
phages, phagemids, and the like.

Preferably, the genetic constructs will express the essen-
tial genes encoded within the Hte region. Methods for
expressing genes of interest in F. coli and other gram
negative bacteria are well known. For examples of such
methods see Gene Fxpression Technology: Methods and
Enzymology, Vol. 185, Goeddel, Editor, Academic Press,
Incorporated, San Diego, Calif. (1991).

Genetic constructs containing polynucleotides encoding
the Hte region may be introduced into F. coli cell using any
of a wide variety of transformation techniques including
transformation, conjugation, triparental mating, specialized
or generalized phage transduction, electroporation, and the
like. The competent E. coli cells of the subject invention are
produced when the described Hte cells are subject to a
competency inducing procedure. After the F. coli cells have
been rendered competent by a competency inducing
procedure, the cells may be frozen so as to retain their
competence upon thawing. Frozen competent cells are a
particularly useful embodiment of the invention because
they may be stored for prolonged periods of time, thus
avoiding the need to constantly produce fresh preparations
of competent cells. Protocols for preparing frozen competent
cells are known to the person of average skill in the art. An
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example of such a protocol can be found in Hanahan,J. Mol.
Bio. 166:557-580 (1983).

It is also to be appreciated that the measured transforma-
tion efficiency of a given composition of competent cells
using a given transformation protocol will generally vary
depending upon the particular exogenous DNA used to
transform the bacteria. In particular, factors such as the size
and topology of the exogenous DNA may significantly affect
transformation efficiency.

The introduction of a genetic construct encoding the Hte
region increases the transformation efficiency of composi-
tions of a wide variety of E. coli strains. Typically, the
genotype of a given strain of F. coli containing the Hte
region, may be selected to be particularly useful for a given
genetic engineering experiment.

Given the presently described selection process, pheno-
typic screening methods, and the deposited strains of . coli,
a variety of genetic and molecular biological methods may
be employed to further define the structure of the Hte region
and the specific mutation or mutations responsible for the
high efficiency transformation phenotype. Examples of such
methods have been described in Maniatis, T. et al., Molecu-
lar Cloning, (1st Ed.) and Sambrook, J. et al., (2nd Ed.),
Cold Spring Harbor Laboratory, Cold spring Harbor (1982,
1989); Methods in Enzymol., Vols. 68, 100, 101, 118 and
152-155 (1979, 1983, 1986 and 1987); and Molecular
Cloning, D. M. Clover, Ed., IRL Press, Oxford (1985).
Medium compositions and general microbial genetic tech-
niques have been described in Miller, J. H., Experiments in
Molecular Genetics, Cold Spring Harbor Laboratory, New
York (1972), and Miller, J. H., A Short Course in Bacterial
Genetics, Cold Spring Harbor Press, New York (1995),
herein incorporated by reference, as well as the references
previously identified. DNA manipulations and enzyme treat-
ments are carried out in accordance with manufacturers’
recommended procedures.

Once the specific gene or genes (in the case of an operon)
in the Hte region that are responsible for the high efficiency
transformation phenotype are characterized, the encoded
products that are associated with the high efficiency trans-
formation phenotype may also be characterized.
Accordingly, an additional embodiment of the present
invention are Hte proteins, or functional derivatives thereof,
that are associated with the high efficiency transformation
phenotype as identified by the presently described selection
methods and screening methods.

The term “Hte protein” as used herein refers not only to
proteins having the amino acid residue sequence of the
mutated form of the Hte protein that provides the desired
phenotype, but also refers to functional derivatives and
variants of naturally occurring Hte protein.

A “functional derivative” of a Hte protein is a compound
having a qualitative biological activity in common with Hte
protein. Preferably, “functional derivatives™ include, but are
not limited to, fragments of mutant or native Hte proteins
and derivatives of Hte proteins and their fragments, pro-
vided that they are associated with conferring the desired
phenotype. “Fragments” comprise regions within the
sequence of a mature polypeptide. The term “derivative” is
used to define amino acid sequence variants of a Hte protein,
and the term “variant” also refers to amino acid sequence
and variants within this definition.

Preferably, the functional derivatives are polypeptides
which have at least about 65% amino acid sequence identity,
more preferably about 75% amino acid sequence identify,
even more preferably at least 85% amino acid sequence
identity, most preferably at least about 95% amino acid
sequence identity with the corresponding region of a corre-
sponding Hte protein or polypeptide. Most preferably, the





















