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METHODS AND COMPOSITIONS FOR SYNTHESIS OF NUCLEIC
ACID MOLECULES USING MULTIPLE RECOGNITION SITES

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to the fields of biotechnology and
molecular biology. In particular, the present invention relates to joining
multiple nucleic acid molecules containing one or more recombination sites
and/or one or more topoisomerase recognition sites. The present invention also
relates to cloning such joined nucleic acid molecules using recombinational
cloning methods such as those employing topoisomerase and/or recombination
proteins. The invention also relates to joining multiple peptides, and
combinations of peptides and nucleic acid molecules through the use of
recombination sites and/or topoisomerase recognition sites. Other molecules
and compounds or combinations of molecules and compounds may also be
joined through recombination sites and/or topoisomerase recognition sites
according to the invention. Such peptides, nucleic acids and other molecules
and/or compounds (or combinations thereof) may also be joined or bound
through recombination reactions and/or through topoisomerase joining
reactions to one or a number of supports or structures in accordance with the

invention.

Related Art

Site-specific Recombinases

[0002] Site-specific recombinases are proteins that are present in many
organisms (e.g. viruses and bacteria) and have been characterized as having
both endonuclease and ligase properties. These recombinases (along with
associated proteins in some cases) recognize specific sequences of bases in a

nucleic acid molecule and exchange the nucleic acid segments flanking those
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sequences. The recombinases and associated proteins are collectively referred
to as "recombination proteins" (see, e.g., Landy, A., Current Opinion in
Biotechnology 3:699-707 (1993)).

[0003] Numerous recombination systems from various organisms have been
described. See, e.g., Hoess, et al., Nucleic Acids Research 14(6):2287 (1986);
Abremski, et al., J. Biol. Chem. 261(1):391 (1986); Campbell, J. Bacteriol.
174(23):7495 (1992); Qian, et al., J. Biol. Chem. 267(11):7794 (1992); Araki,
et al., J. Mol. Biol. 225(1):25 (1992), Maeser and Kahnmann, Mol. Gen.
Genet. 230:170-176) (1991); Esposito, et al., Nucl. Acids Res. 25(18):3605
(1997). Many of these belong to the integrase family of recombinases (Argos,
et al., EMBO J. 5:433-440 (1986); Voziyanov, et al., Nucl. Acids Res. 27:930
(1999)). Perhaps the best studied of these are the Integrase/att system from
bacteriophage (Landy, A. Current Opinions in Genetics and Devel. 3:699-707
(1993)), the Cre/loxP system from bacteriophage P1 (Hoess and Abremski
(1990) In Nucleic Acids and Molecular Biology, vol. 4. Eds.: Eckstein and
Lilley, Berlin-Heidelberg: Springer-Verlag; pp. 90-109) , and the FLP/FRT
system from the Saccharomyces cerevisiae 2 u circle plasmid (Broach, et al.,

Cell 29:227-234 (1982)).

Recombination Sites

[0004] Whether the reactions discussed above are termed recombination,
transposition or integration and are catalyzed by a recombinase, transposase or
integrase, they share the key feature of specific recognition sequences, often
termed "recombination sites," on the nucleic acid molecules participating in
the reactions. These recombination sites are sections or segments of nucleic
acid on the participating nucleic acid molecules that are recognized and bound
by the recombination proteins during the initial stages of integration or
recombination. For example, the recombination site for Cre recombinase is
loxP which is a 34 base pair sequence comprised of two 13 base pair inverted

repeats (serving as the recombinase binding sites) flanking an 8 base pair core
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sequence. See Figure 1 of Sauer, B., Curr. Opin. Biotech. 5:521-527 (1994).
Other examples of recognition sequences include the a#tB, attP, attL, and attR
sequences which are recognized by the recombination protein ( Int. a#B is an
approximately 25 base pair sequence containing two 9 base pair core-type Int
binding sites and a 7 base pair overlap region, while a#tP is an approximately
240 base pair sequence containing core-type Int binding sites and arm-type Int
binding sites as well as sites for auxiliary proteins integration host factor
(IHF), FIS and excisionase (Xis). See Landy, Curr. Opin. Biotech. 3:699-707
(1993).

Conventional Nucleic Acid Cloning

[0005] The cloning of nucleic acid segments currently occurs as a daily
routine in many research labs and as a prerequisite step in many genetic
analyses. The purpose of these clonings is various, however, two general
purposes can be considered: (1) the initial cloning of nucleic acid from large
DNA or RNA segments (chromosomes, YACs, PCR fragments, mRNA, etc.),
done in a relative handful of known vectors such as pUC, pGem, pBlueScript,
and (2) the subcloning of these nucleic acid segments into specialized vectors
for functional analysis. A great deal of time and effort is expended both in the
transfer of nucleic acid segments from the initial cloning vectors to the more
specialized vectors. This transfer is called subcloning.

[0006] The basic methods for cloning have been known for many years and
have changed little during that time. A typical cloning protocol is as follows:

(1) digest the nucleic acid of interest with one or two restriction
enzymes;

) gel purify the nucleic acid segment of interest when known;

(3)  prepare the vector by cutting with appropriate restriction
enzymes, treating with alkaline phosphatase, gel purify etc., as appropriate;

(4)  ligate the nucleic acid segment to the vector, with appropriate

controls to eliminate background of uncut and self-ligated vector;
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5) introduce the resulting vector into an E. coli host cell;
(6)  pick selected colonies and grow small cultures overnight;
) make nucleic acid minipreps; and
(8)  analyze the isolated plasmid on agarose gels (often
after diagnostic restriction enzyme digestions) or by PCR.

[0007] The specialized vectors used for subcloning nucleic acid segments are
functionally diverse. These include but are not limited to: vectors for
expressing nucleic acid molecules in various organisms; for regulating nucleic
acid molecule expression; for providing tags to aid in protein purification or to
allow tracking of proteins in cells; for modifying the cloned nucleic acid
segment (e.g., generating deletions); for the synthesis of probes (e.g.,
riboprobes); for the preparation of templates for nucleic acid sequencing; for
the identification of protein coding regions; for the fusion of various
protein-coding regions; to provide large amounts of the nucleic acid of
interest, efc. It is common that a particular investigation will involve
subcloning the nucleic acid segment of interest into several different
specialized vectors.

[0008] As known in the art, simple subclonings can be done in one day (e.g.,
the nucleic acid segment is not large and the restriction sites are compatible
with those of the subcloning vector). However, many other subclonings can
take several weeks, especially those involving unknown sequences, long
fragments, toxic genes, unsuitable placement of restriction sites, high
backgrounds, impure enzymes,.etc. One of the most tedious and time
consuming type of subcloning involves the sequential addition of several
nucleic acid segments to a vector in order to construct a desired clone. One
example of this type of cloning is in the construction of gene targeting vectors.
Gene targeting vectors typically include two nucleic acid segments, each
identical to a portion of the target gene, flanking a selectable marker. In order
to construct such a vector, it may be necessary to clone each segment
sequentially, i.e., first one gene fragment is inserted into the vector, then the

selectable marker and then the second fragment of the target gene. This may
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require a number of digestion, purification, ligation and isolation steps for
each fragment cloned. Subcloning nucleic acid fragments is thus often viewed
as a chore to be done as few times as possible.

[0009] Several methods for facilitating the cloning of nucleic acid segments
have been described, e.g., as in the following references.

[0010] Ferguson, ., et al., Gene 16:191 (1981), disclose a family of vectors
for subcloning fragments of yeast nucleic acids. The vectors encode
kanamycin resistance. Clones of longer yeast nucleic acid segments can be
partially digested and ligated into the subcloning vectors. If the original
cloning vector conveys resistance to ampicillin, no purification is necessary
prior to transformation, since the selection will be for kanamycin.

[0011] Hashimoto-Gotoh, T., et al., Gene 41:125 (1986), disclose a
subcloning vector with unique cloning sites within a streptomycin sensitivity
gene; in a streptomycin-resistant host, only plasmids with inserts or deletions
in the dominant sensitivity gene will survive streptomycin selection.

[0012] Notwithstanding the improvements provided by these methods,
traditional subclonings using restriction and ligase enzymes are time
consuming and relatively unreliable. Considerable labor is expended, and if
two or more days later the desired subclone can not be found among the
candidate plasmids, the entire process must then be repeated with alternative

conditions attempted.

Recombinational Cloning

[0013] Cloning systems that utilize recombination at defined recombination
sites have been previously described in U.S. Patent Nos. 5,888,732, 6,143,557,
6,171,861, 6,270,969, and 6,277,608 which are specifically incorporated
herein by reference. In brief, the Gateway™ Cloning System, described in this
application and the applications referred to in the related applications section,
utilizes vectors that contain at least one and preferably at least two different

site-specific recombination sites based on the bacteriophage lambda system (e.
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g., attl and a#2) that are mutated from the wild type (a#t0) sites. Each
mutated site has a unique specificity for its cognate partner att site of the same
type (for example a#Bl with attPl, or a#Ll with a#fR1) and will not
cross-react with recombination sites of the other mutant type or with the
wild-type a0 site. Nucleic acid fragments flanked by recombination sites are
cloned and subcloned using the Gateway™ system by replacing a selectable
marker (for example, ccdB) flanked by att sites on the recipient plasmid
molecule, sometimes termed the Destination Vector. Desired clones are then
selected by transformation of a ccdB sensitive host strain and positive
selection for a marker on the recipient molecule. Similar strategies for
negative selection (e.g., use of toxic genes) can be used in other organisms
such as thymidine kinase (TK) in mammals and insects.

[0014] Mutating specific residues in the core region of the at site can generate
a large number of different azt sites. As with the attl and a#f2 sites utilized in
Gateway™, each additional mutation potentially creates a novel att site with
unique specificity that will recombine only with its cognate partner att site
bearing the same mutation and will not cross-react with any other mutant or
wild-type att site. Novel mutated a# sites (e. g., atrB 1-10, a#tP 1-10, attR
1-10 and atzL. 1-10) are described in commonly owned U.S. Appl. No.
09/517,466, filed March 2, 2000, which is specifically incorporated herein by
reference. Other recombination sites having unique specificity (i.e., a first site
will recombine with its corresponding site and will not recombine or not
substantially recombine with a second site having a different specificity) may
be used to practice the present invention. Examples of suitable recombination
sites include, but are not limited to, loxP sites and derivatives such as loxP511
(see U.S. Patent No. 5,851,808), fit sites and derivatives, dif sites and
derivatives, psi sites and derivatives and cer sites and derivatives. The present
invention provides novel methods using such recombination sites to join or
link multiple nucleic acid molecules or segments and more specifically to

clone such multiple segments into one or more vectors containing one or more
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recombination sites (such as any Gateway™ Vector including Destination

Vectors).

SUMMARY OF THE INVENTION

[0015] The invention relates, in part, to nucleic acid molecules which
comprise one or more (e.g., one, two, three, four, five, etc.) recombination
sites (e.g., one or more a#f sites, one or more Jox sites, etc.) and/or one or more
(e.g., one, two, three, four, five, etc.) topoisomerase recognition sites (e.g., one
or more recognition sites for a type IA topoisomerase, a type IB
topoisomerase, a type Il topoisomerase, etc.), as well as nucleic acid
molecules which have undergone cleavage with a topoisomerase (e.g., a site
specific topoisomerase). The invention also relates to nucleic acid molecules
which comprise one or more recombination sites and/or one or more
topoisomerases. The invention more specifically relates to combining or
joining at least a first nucleic acid molecule which comprises at least a first
nucleic acid molecule which comprises at least one recombination site and at
least a second nucleic acid molecule which comprises at least one
topoisomerase recognition site and/or at least one topoisomerase. Upon
joining these at least first and second molecules, at least a third (or chimeric)
molecule may be produced which comprises (1) at least one recombination
site and (2) at least one topoisomerase recognition site and/or at least one
topoisomerase. These nucleic acid molecules may be linear or closed circular
(e.g., relaxed, supercoiled, etc.). Such recombination sites, topoisomerase
recognition sites and topoisomerase can be located at any position on any
number of nucleic acid molecules of the invention, including at or near the
termini of the nucleic acid molecules and/or within the nucleic acid molecules.
Moreover, any combination of the same or different recombination sites,
topoisomerase recognition sites and/or topoisomerases may be used in

accordance with the invention.
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[0016] The invention includes, in part, nucleic acid molecules and
compositions comprising nucleic acid molecules (e.g., reaction mixtures),
wherein the nucleic acid molecules comprise (1) at least one (e.g., one, two,
three, four, five, six, seven eight, etc.) recombination site and (2) at least one
(e.g., one, two, three, four, five, six, seven eight, etc.) topoisomerase (e.g., a
covalently linked topoisomerase) or at least one (e.g., one, two, three, four,
five, six, seven eight, etc.) toposiomerase recognition site. In particular
embodiments, the topoisomerases or toposiomerase recognition sites, as well
as the recombination sites, of the nucleic acid molecules referred to above can
be either internal or at or near one or both termini. For example, one or more
(e.g., one, two, three, four, five, six, seven eight, etc.) of the at léast one
topoisomerase or the at least one topoisomerase recognition site, as well as
one or more of the at least one recombination site, can be located at or near a
5' terminus, at or near a 3' terminus, at or near both 5' termini, at or near both
3' termini, at or near a 5' terminus and a 3' terminus, at or near a 5' terminus
and both 3' termini, or at or near a 3' terminus and both 5' termini. The
invention further provides methods for preparing and using nucleic acid
molecules and compositions of the invention.

[0017] In specific aspects, the invention provides nucleic acid molecules (1) to
which topoisomerases of various types (e.g., a type IA toposiomerase, a type
IB toposiomerase, a type II topoisomerase, etc.) are attached (e.g., covalently
bound) and/or (2) which contain two or more topoisomerase recognition sites
which are recognized by various types of topoisomerases, as well as methods
for preparing and using compositions comprising such nucleic acid molecules.
In many embodiments, these nucleic acid molecules will further comprise one
or more (e.g., one, two, three, four, five, six, seven eight, etc.) recombination
site.

[0018] The invention further provides methods for joining two or more
nucleic acid segments, wherein at least one of the nucleic acid segments
contains at least one toposiomerase or topoisomerase recognition site and/or

one or more recombination sites. Further, when nucleic acid segments used in
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methods of the invention contain more than one (e.g., two, three, four, five,
six, seven eight, etc.) toposiomerase, either on the same or different nucleic
acid segments, these toposiomerase may be of the same type or of different
types. Similarly, when nucleic acid segments used in methods of the invention
contain more than one toposiomerase recognition site, either on the same or
different nucleic acid segments, these toposiomerase recognition sites may be
recognized by topoisomerases of the same type or of different types.
Additionally, when nucleic acid segments used in methods of the invention
contain one or more recombination sites, these recombination sites may be
able to recombine with one or more recombination sites on the same or
different nucleic acid segments. Thus, the invention provides methods for
joining nucleic acid segments using methods employing any one
toposiomerase or topoisomerase recognition site. The invention provides
further methods for joining nucleic acid segments using methods employing
(1) any combination of topoisomerases or topoisomerase recognition sites
and/or (2) any combination of recombination sites. The invention also
provides nucleic acid molecules produced by the methods described above, as
well as uses of these molecules and compositions comprising these molecules.
[0019] In general, the invention provides, in part, methods for joining any
number of nucleic acid segments (e.g., two, three, four, five, six, seven, eight,
nine, ten, etc.) which contain different functional or structural elements. The
invention thus provides, in part, methods for bringing together any number of
nucleic acid segments (e.g., two, three, four, five, six, seven, eight, nine, ten,
etc.) which confer different properties upon a nucleic acid molecule product.
In many instances, methods of the invention will result in the formation of
nucleic acid molecules wherein there is operable interaction between
properties and/or elements of individual nucleic acid segments which are
joined (e.g., operable interaction/linkage between an expression control
sequence and an open reading frame). Examples of (1) functional and
structural elements and (2) properties which may be conferred upon product

molecules include, but are not limited to, multiple cloning sites (e.g., nucleic
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acid regions which contain at least two restriction endonuclease cleavage
sites), packaging signals (e.g., adenoviral packaging signals, alphaviral
packaging signals, etc.), restriction endonuclease cleavage sites, open reading
frames (e.g., intein coding sequence, affinity purification tag coding
sequences, etc.), expression control sequences (e.g., promoters, operators,
etc.), etc. Additional elements and properties which can be conferred by
nucleic acid segments upon a product nucleic acid molecule are described
elsewhere herein. The invention also provides nucleic acid molecules
produced by the methods described above, as well as uses of these molecules
and compositions comprising these molecules.

[0020] The invention further includes, in part, methods for joining two or
more (e.g., 2, 3, 4, 5, 6, 7, §, etc.) nucleic acid segments, wherein at least one
(eg.,1,2,3,4,5,6,7,8, etc.) of the nucleic acid segments comprises one or
more (eg., 1, 2, 3, 4, 5, 6, 7, 8, etc.) topoisomerases and/or one or more
topoisomerase recognition sites and at least one of the nucleic acid segments
comprises one or more recombination sites. In particular embodiments, the
invention provides methods for joining at least two (e.g., 2, 3, 4, 5, 6, 7, §,
etc.) nucleic acid molecules (e.g., methods employing recombination and/or
mediated by one or more topoisomerases), wherein one of the nucleic acid
segments comprises one or more topoisomerases or topoisomerase recognition
sites but does not contain a recombination site and the other nucleic acid
segments comprises one or more recombination site but does not contain a
topoisomerase or topoisomerase recognition site. Thus, methods of the
invention can be used to prepare joined or chimeric nucleic acid molecules by
the joining of nucleic acid segments, wherein the product nucleic acid
molecules comprise (1) one or more (e.g., 1, 2, 3, 4, 5, 6, 7, 8, etc.)
topoisomerases and/or one or more (e.g., 1, 2, 3, 4, 5, 6, 7, 8, etc.)
topoisomerase recognition sites and (2) one or more (e.g., 1,2, 3,4, 5,6, 7, 8,
etc.) recombination sites. The invention further provides nucleic acid
molecules prepared by such methods, compositions comprising such nucleic

acid molecules, and methods for using such nucleic acid molecules.
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[0021] The invention also provides compositions comprising one or more
nucleic acid segments and/or nucleic acid molecules described herein. Such
compositions may comprise one or a number of other components selected
from the group consisting of one or more other nucleic acid molecules (which
may comprise recombination sites, topoisomerase recognition  sites,
topoisomerases, etc.), one or more nucleotides, one or more polymerases, one
or more reverse transcriptases, one or more recombination proteins, one or
more topoisomerases, one or more buffers and/or salts, one or more solid
supports, one or more polyamines, one or more vectors, one or more
restriction enzymes and the like. For example, compositions of the invention
include, but are not limited to, mixtures (e.g., reaction mixtures) comprising a
nucleic acid segment which comprises at least one topoisomerase recognition
site and at least one topoisomerase which recognizes at least one of the at least
one topoisomerase recognition sites of the nucleic acid segment.
Compositions of the invention further include at least one nucleic acid
segment comprising (1) at least one topoisomerase recognition site or at least
one nucleic acid segment to which at least one topoisomerase is attached (e.g.,
covalently bound) and (2) one or more additional components. Examples of
such additional components include, but are not limited to, topoisomerases;
additional nucleic acid segments, which may or may not comprise one or more
topoisomerases or topoisomerase recognition sites; buffers; salts; polyamines
(e.g., spermine, spermidine, etc.); water; etc. Nucleic acid segments present in
compositions of the invention may further comprise one or more
recombination sites and/or one or more recombinase.

[0022] Nucleic acid molecules or segments produced by or used in
conjunction with the methods of the invention, as well as nucleic acid
molecules or segments thereof of the invention, include those molecules or
segments specifically described herein as well as those molecules or segments
that have substantial sequence identity to those molecules or segments
specifically described herein. By a molecule or segment having “substantial

sequence identity” to a given molecule or segment is meant that the molecule
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or segment is at least 65%, at least 70%, at least 75%, at least 80%, at least
85%, at least about 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or
99%, identical to the given (or “reference”) molecule or segment. By a
nucleic acid molecule or segment having a nucleotide sequence at least, for
example, 65% “identical” to a reference nucleic acid molecule or segment is
intended that the nucleotide sequence of the nucleic acid molecule or segment
is identical to that of the reference sequence except that the nucleic acid
molecule or segment may include up to 35 point mutations per each 100
nucleotides of the reference nucleotide sequence. In other words, to obtain a
polynucleotide having a nucleotide sequence at least 65% identical to a
reference nucleotide sequence, up to 5% of the nucleotides in the reference
sequence may be deleted or substituted with another nucleotide, or a number
of nucleotides up to 35% of the total nucleotides in the reference sequence
may be inserted into the reference sequence. These mutations of the reference
sequence may occur at the 5' or 3' terminal positions (or both) of the reference
nucleotide sequence, or anywhere between those terminal positions,
interspersed either individually among nucleotides in the reference sequence
or in one or more contiguous groups within the reference sequence.

[0023] As a practical matter, whether any particular nucleic acid molecule or
segment is at least about 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%,
98% or 99% identical to a given reference molecule or segment can be
determined conventionally using known computer programs such as FASTA
(Heidelberg, Germany), BLAST (Washington, DC) or BESTFIT (Wisconsin
Sequence Analysis Package, Version 8 for Unix, Genetics Computer Group,
University Research Park, 575 Science Drive, Madison, WI 53711), which
employs a local homology algorithm (Smith and Waterman, Advances in
Applied Mathematics 2: 482-489 (1981)) to find the best segment of homology
befween two sequences. When using FASTA, BLAST, BESTFIT or any other
sequence alignment program to determine whether a particular sequence is, for
instance, 65% identical to a reference sequence according to the present

invention, the parameters are set such that the percentage of identity is
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calculated over the full length of the reference nucleotide sequence and that
gaps in homology of up to 35% of the total number of nucleotides in the
reference sequence are allowed.

[0024] Often, nucleic acid molecules which have undergone cleavage with a
topoisomerase (e.g., a site specific topoisomerase) will further have a
topoisomerase molecule covalently bound to a phosphate group of the nucleic
acid molecules. The invention further includes methods for preparing nucleic
acid molecules described above and elsewhere herein, as well as recombinant
methods for using such molecules.

[0025] In particular embodiments, nucleic acid molecules of the invention will
be vectors. In additional embodiments, the invention includes host cells which
contain nucleic acid molecules of the invention, as well as methods for making
and using such host cells, for example, to produce expression products (e.g.,
proteins, polypeptides, antigens, antigenic determinants, epitopes, and the like,
or fragments thereof). |

[0026] In specific embodiments, nucleic acid molecules of the invention
comprise two or more recombination sites with one or more (e.g., one, two,
three, four, five, etc.) topoisomerase recognition site located between the
recombination sites. In additional specific embodiments, nucleic acid
molecules of the invention may comprise two or more topoisomerase
recognition sites with one or more (e.g., one, two, three, four, five, etc.)
recombination sites located between the two or more topoisomerase
recognition sites.

[0027] In additional specific embodiments, nucleic acid molecules of the
invention comprise two recombination sites with two topoisomerase
recognition sites located between the two recombination sites. Thus, if such
molecules are linearized by cleavage between the topoisomerase recognition
sites, the topoisomerase recognition sites in the resulting linear molecule will
be located distal (i.e., closer to the two ends of the linear molecule) to the
recombination sites. The invention thus provides linear nucleic acid

molecules which contain one or more recombination sites and one or more
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topoisomerase recognition sites. In particular embodiments, the one or more
topoisomerase recognition sites are located distal to the one or more
recombination sites. Examples of such molecules are set out below in
Example 8.

[0028] The positioning of recombination sites and topoisomerase recognition
sites of a first nucleic acid molecule can be such that topoisomerase mediated
linkage of this molecule to a second nucleic acid molecule results in the
second nucleic acid molecule being positioned between the two or more
recombination sites. As an example, a linear first nucleic acid molecule may
contain one recombination site at or near each end and may further comprise a
topoisomerase recognition site located distal to one of the two recombination
sites. In such a case, incubation of the linear first nucleic acid molecule with a
topoisomerase can be designed to result in the covalent linkage of the
topoisomerase to the first nucleic acid molecule, wherein the topoisomerase is
positioned at or near the end of the first nucleic acid molecule and distal to the
adjacent/nearest recombination site. This end of the first nucleic acid
molecule may be blunt or may have either a 5' or 3' overhang. When
incubated with a suitable second nucleic acid molecule (e.g., a molecule with
sequence complementarity to at least one strand of the topoisomerase modified
end of the first nucleic acid molecule), one or both strands of one end of the
second nucleic acid molecule can be covalently joined to one or both strands
of one end of the first nucleic acid molecule. Further, if a circular nucleic acid
molecule is desired, then the second end of the second nucleic acid molecule
can be joined to the second end of the first nucleic acid molecule by a
topoisomerase, a ligase or other method. The result of the process described
above is the generation of a nucleic acid molecule which contains a nucleic
acid insert positioned between two recombination sites. Specific examples of
related processes are set out below in Example 8. Methods for covalently
linking nucleic acid molecules using topoisomerase are described in more

detail elsewhere herein.
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[0029] Once a nucleic acid insert has been positioned between one or more
recombination sites, this insert, as well as adjacent nucleic acid, may be
transferred to other nucleic acid molecules by recombinational cloning. The
invention thus also provides methods for generating the nucleic acid molecules
described above and elsewhere herein.

[0030] The distance, in terms of the number of nucleotides, between
recombination sites and topoisomerase recognition sites which reside in a
nucleic acid molecule of the invention will vary with the particular application
for which the molecule is to be used, but can be zero, one, two, three, four,
five, six, seven, eight, nine, ten, eleven, twelve, thirteen, fourteen, fifteen,
sixteen, twenty, twenty-five, thirty, forty, fifty, sixty, eighty, one hundred, one
hundred fifty, two hundred, three hundred, five hundred, seven hundred, nine
hundred, one thousand, etc., or more, nucleotides. Further, the distance, in
terms of the number of nucleotides, between recombination sites and
topoisomerase recognition sites which reside in a nucleic acid molecule of the
invention may fall within the following ranges: 0-10 nucleotides, 10-30
nucleotides, 20-50 nucleotides, 40-80 nucleotides, 70-100 nucleotides, 90-200
nucleotides, 120-400 nucleotides, 200-400 nucleotides, 200-1000 nucleotides,
200-2,000 nucleotides, etc.

[0031] The present invention also generally provides materials and methods
for joining or combining two or more (e.g., three or more, four or more, five or
more etc.) segments or molecules of nucleic acid of the invention. In one
aspect, for such molecules to be combined, at least one of the segments or
molecules may comprise at least one recombination site and at least one of the
segments or molecules may comprise at least one topoisomerase recognition
site. Such methods for joining multiple nucleic acid molecules according to
the invention may be conducted in vivo or in vitro. Accordingly, the invention
relates to methods to create novel or unique combinations of sequences and to
the sequences created by such methods. The nucleic acid molecules created
by the methods of the invention may be used for any purpose known to those

skilled in the art. In one aspect, at least one (and often two or more) of the
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nucleic acid molecules or segments to be joined by the methods of the
invention comprise at least one, and preferably at least two, recombination
sites, although each molecule may comprise multiple recombination sites (e.g.,
three or more, four or more, five or more, etc.). In another aspect, the nucleic
acid molecules may comprise at least one topoisomerase recognition site
and/or at least one topoisomerase. In yet another aspect, the molecules may
comprise (1) at least one recombination site and (2) at least one
topoisomerase recognition site and/or at least one topoisomerase. Such
recombination sites and topoisomerase recognition sites (which may be the
same or different) may be located at various positions in each nucleic acid
molecule or segment and the nucleic acid used in the invention may have
various sizes and be in different forms including circular, supercoiled, linear,
and the like. The nucleic acid molecules used in the invention may also
comprise one or more vectors or one or more sequences allowing the molecule
to function as a vector in a host cell (such as an origin of replication). In one
aspect, nucleic acid molecules or segments for use in the invention are linear
molecules having at least one recombination site at or near at least one termini
of the molecule and preferably comprise at least one recombination site at or
near both termini of the molecule. In another aspect, when multiple
recombination sites are located on a nucleic acid molecule of interest, such
sites do not substantially recombine or do not recombine with each other on
that molecule. In this embodiment, the corresponding binding partner
recombination sites preferably are located on one or more other nucleic acid
molecules to be linked or joined by the methods of the invention. For
instance, a first nucleic acid molecule used in the invention may comprise at
least a first and second recombination site and a second nucleic acid molecule
may comprise at least a third and fourth recombination site, wherein the first
and second sites do not recombine with each other and the third and fourth
sites do not recombine with each other, although the first and third and/or the

second and fourth sites may recombine.
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[0032] The nucleic acid molecules to be joined by the methods of the
invention (e.g., the “starting molecules™) may be used to produce one or more
hybrid molecules containing all or a portion of the starting molecules (e.g., the
“product nucleic acid molecules”). The starting molecules can be any nucleic
acid molecule derived from any source or produced by any method. Such
molecules may be derived from natural sources (such as cells, tissue, and
organs from any animal or non-animal source) or may be non-natural (e.g.,
derivative nucleic acids) or synthetically derived. The segments or molecules
for use in the invention may be produced by any means known to those skilled
in the art including, but not limited to, amplification such as by PCR, isolation
from natural sources, chemical synthesis, shearing or restriction digest of
larger nucleic acid molecules (such as genomic or cDNA), transcription,
reverse transcription and the like, and recombination sites and/or
topoisomerase recognition sites and/or topoisomerases may be added to such
molecules by any means known to those skilled in the art including ligation of
adapters containing recombination sites and/or topoisomerase recognition sites
and/or topoisomerases, amplification or nucleic acid synthesis using primers
containing recombination sites and/or topoisomerase recognition sites and/or
topoisomerases, insertion or integration of nucleic acid molecules (e.g.,
transponsons or integration sequences) containing recombination sites and/or
topoisomerase recognition sites and/or topoisomerases, etc. In one aspect, the
nucleic acid molecules used in the invention are populations of molecules such
as nucleic acid libraries or cDNA libraries.

[0033] Once nucleic acid molecules are joined by recombination using
methods such as those described herein, these nucleic acid molecules may then
be joined to other nucleic acid molecules using topoisomerase-mediated
joining methods and/or recombination-mediated joining methods also
described herein.

[0034] Recombination sites for use in the invention may be any recognition
sequence on a nucleic acid molecule which participates in a recombination

reaction catalyzed or facilitated by recombination proteins. In those
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embodiments of the present invention utilizing more than one recombination
site, such recombination sites may be the same or different and may
recombine with each other or may not recombine or not substantially
recombine with each other. Recombination sites contemplated by the
invention also include mutants, derivatives or variants of wild-type or
naturally occurring recombination sites.  Preferred recombination site
modifications include those that enhance recombination, such enhancement
selected from the group consisting of substantially (i) favoring integrative
recombination; (ii) favoring excisive recombination; (iii) relieving the
requirement for host factors; (iv) increasing the efficiency of co-integrate or
product formation; and (v) increasing the specificity of co-integrate or product
forrriation. Preferred modifications include those that enhance recombination
specificity, remove one or more stop codons, and/or avoid hair-pin formation.
Desired modifications can also be made to the recombination sites to include
desired amino acid changes to the transcription or translation product (e.g.,
mRNA or protein) when translation or transcription occurs across the modified
recombination site. Recombination sites that may be used in accordance with
the invention include ast sites, fit sites, dif sites, psi sites, cer sites, and lox
sites or mutants, derivatives and variants thereof (or combinations thereof).
Recombination sites contemplated by the invention also include portions of
such recombination sites.

[0035] Each starting nucleic acid molecule may comprise, in addition to one
or more recombination sites and/or one or more topoisomerase recognition
sites and/or one or more topoisomerases, a variety of sequences (or
combinations thereof) including, but not limited to sequences suitable for use
as primer sites (e.g., sequences which a primer such as a sequencing primer or
amplification primer may hybridize to initiate nucleic acid synthesis,
amplification or sequencing), transcription or translation signals or regulatory
sequences such as promoters and/or operators, ribosomal binding sites,
topoisomerase recognition sequences (or sites), Kozak sequences, and start

codons, transcription and/or translation termination signals such as stop
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codons (which may be optimally suppressed by one or more suppressor tRNA
molecules), tRNAs (e.g., suppressor tRNAs), origins of replication, selectable
markers, and genes or portions of genes which may be used to create protein
fusion (e.g., N-terminal or carboxy terminal) such as GST, GUS, GFP, open
reading frame (orf) sequences, and any other sequence of interest which may
be desired or used in various molecular biology techniques including
sequences for use in homologous recombination (e.g., gene targeting).

[0036] The present invention also relates to methods of generating a
covalently linked recombinant nucleic acid molecule by contacting two or
more (e.g., 2, 3,4, 5, 6,7, 8,9, 10, etc) nucleic acid molecules (which may be
alternatively and equivalently referred to herein as “nucleotide sequences”),
e.g., double-stranded (“ds”) or single-stranded (“ss”) nucleic acid molecules,
with at least one (e.g., 1, 2, 3,4, 5,6, 7, 8, 9, 10, etc.) topoisomerase. As will
be understood by the ordinarily skilled artisan, any and all of the nucleic acid
molecules or nucleotide sequences referred to herein, for example those used
in or generated by the methods, compositions and kits disclosed herein, may
be ss or ds nucleic acid molecules or nucleotide sequences, whether or not the
molecules or sequences are specifically referred to herein as being ss and/or
ds.

[0037] In one such aspect, the methods of the invention allow joining of such
nucleic acid sequences in a desired orientation and/or order, which, if desired,
can be further manipulated or used in a variety of assays or procedures,
including, for example, for a transcription or transfection procedure, which
can be performed in vitro or in vivo, a translation reaction or other protein
expression procedure, recombination reactions, and the like. In another

' aspect, three or more, four or more, five or more, etc., or a population or
library of the same or different nucleic acid sequences can be linked according
to a method of the invention. In still another aspect, the methods of the
invention can be used to link each end of a single nucleic acid molecule to

form a covalently closed circular or supercoiled molecule.
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[0038] The nucleic acid sequences to be linked can be derived from any
source, and can be naturally occurring and chemically or recombinantly
synthesized nucleic acid molecules such as cDNA, genomic DNA, vectors,
oligonucleotides, and the like. Furthermore, the nucleic acid sequences can,
but need not, contain one or more functional sequences such as gene
regulatory elements, origins of replication, splice sites, polyadenylation sites,
open reading frames, which can encode, for example, tag sequences,
detectable or selectable markers, cell localization domains, or other peptide or
polypeptide, and the like. As such, the invention allows any number of
nucleic acid sequences, which can be the same or different, to be linked,
including, if desired, in a predetermined ordc‘::r or orientation or both.

[0039] The nucleic acid molecules (e.g., ds or ss nucleic acid molecules) to be
linked can be in any form, for example, single-stranded or double-stranded,
linear, circular, or supercoiled, and are characterized, in part, in that each
nucleic acid molecule to be linked is a substrate for a topoisomerase or can be
modified to be such a substrate. The topoisomerase can be any topoisomerase
that can covalently link at least one strand of a nucleic acid molecule to at
least one strand of another nucleic acid molecule, preferably through a
phosphodiester bond. The topoisomerase can be a site specific topoisomerase
or can have relaxed specificity, and preferably forms a stable complex (e.g., a
covalent complex) with one strand of the nucleic acid molecule at or near the
site at which cleavage is effected.

[0040] A method of the invention generally is performed by contacting
topoisomerase and the nucleic acid molecules (e.g., ds or ss nucleic acid
molecules) to be joined under conditions such that both strands of an end of
one nucleic acid molecule are ligated to both strands of an end of at least one
(eg,1,2,3,4,5,6,7,8,9, 10, etc.) other nucleic acid molecule. As such, a
method of the invention generates a covalently linked recombinant nucleic
acid molecule (which may be either single-stranded or double-stranded),
which does not contain a nick at the site or sites at which the substrate nucleic

acid molecules are ligated. The present invention also provides recombinant
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nucleic acid molecules prepared by such a method. In certain such aspects of
the invention, such recombinant nucleic acid molecules will further comprise
one or more recombination sites.

[0041] A method of the invention can be performed using various
combinations of components. For example, the method can be performed by
contacting two or more substrate nucleic acid molecules (e.g., ss nucleic acid
molecules or ds nucleic acid molecules) to be covalently linked and at least
one topoisomerase, wherein the topoisomerase cleaves one or both strands of
the nucleic acid molecules and forms a stable complex with a nucleotide at a
terminus of the cleavage site.  The topoisomerase-charged ends or
topoisomerase-charged nucleic acid molecules are then contacted with each
other such that each strand of the substrate nucleic acid molecules are linked,
thereby generating one or more covalently linked recombinant nucleic
molecules.  Preferably, the topoisomerase mediates the formation of
phosphodiester bond at each linkage site. The method also can be performed
by contacting two or more topoisomerase-charged nucleic acid molecules,
either alone, or in the presence of excess topoisomerase, or by contacting one
or more topoisomerase-charged nucleic acid molecules (which may be ss or
ds) with one or more nucleic acid molecules (which may also be ss or ds) that
contain a topoisomerase cleavage site, and a topoisomerase. The present
invention also provides recombinant nucleic acid molecules prepared by such
a method. In certain such aspects of the invention, such recombinant nucleic
acid molecules will further comprise one or more recombination sites. In
various embodiments, the topoisomerase can have a relatively relaxed
specificity such that it can bind to and cleave a variety of different nucleotide
sequences, or the topoisomerase can be a site specific topoisomerase, which
binds to and cleaves a specific nucleotide sequence. The topoisomerase also
can be a type I topoisomerase, which cleaves one strand of a ds nucleic acid
molecule, or can be a type II topoisomerase, which cleaves both strands of a ds
nucleic acid molecule. Where' the topoisomerase is a type II topoisomerase,

cleavage is effected such that a linear ds nucleic acid molecule is produced,
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and is topoisomerase-charged at one or both ends. In certain such aspects, the
strand of the ds nucleic acid molecule that is complementary to the strand
containing the bound topoisomerase will form an overhanging sequence.

[0042] An advantage of performing a method of the invention is that the
ligation reaction performed by a topoisomerase occurs very quickly and over a
wide range of temperatures. An additional advantage is that recombinant
nucleic acid molecules generated according to the methods of the invention do
not contain nicks at the sites where two nucleic acid molecules are joined
together. As such, the covalently linked recombinant nucleic acid molecules
can be used directly in a subsequent procedure, for example, as a substrate for
an amplification reaction such as a polymerase chain reaction (PCR).

[0043] By way of example, a method of the invention can be performed by
contacting 1) a first nucleic acid molecule (which may be ss or ds) having a
first end and a second end, wherein, at the first end or second end or both, the
first nucleic acid molecule has a topoisomerase recognition site at or near the
3' terminus; 2) at least a second nucleic acid molecule (which may also be ss
or ds) having a first end and a second end, wherein, at the first end or second
end or both, the at least second double stranded nucleotide sequence has a
topoisomerase recognition site at or near the 3' terminus; and 3) a site specific
topoisomerase, under conditions such that all components are in contact and
the topoisomerase can effect its activity. The strand complementary to that
containing the topoisomerase recognition sequence may comprise a 5'
hydroxyl group and, upon cleavage by the topoisomerase, may further
comprise a 5' overhanging sequence.

[0044] A method of the invention also can be performed by contacting 1) a
nucleic acid molecule (which may be ss or ds) having a first end and a second
end, wherein each of the first end and second end contains a topoisomerase
recognition site at or near the 3' terminus, and 2) a site specific topoisomerase,
under conditions such that the components are in contact and the
topoisomerase can effect its activity. For example, the topoisomerase can be a

type IB topoisomerase such as a Vaccinia topoisomerase or an S. cerevisiae
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topoisomerase. Such a method provides a means to prepare a covalently
closed circular or supercoiled ds nucleic acid molecule.

[0045] A method of the invention also can be performed by contacting 1) a
first nucleic acid molecule (which may be ss or ds) having a first end and a
second end, wherein the first nucleic acid molecule has a topoisomerase
recognition site at or near the 5' terminus of the first end or the second end or
both; 2) at least a second nucleic acid molecule (which may also be ss or ds)
having a first end and a second end, wherein the at least second double
stranded nucleotide sequence has a topoisomerase recognition site at or near
the 5' terminus of the first end or the second end or both; and 3) at least one
site specific topoisomerase, under conditions sul:h that all components are in
contact and the at least one topoisomerase can effect its activity. For example,
the topoisomerase can be a type IA topoisomerase such as an E. coli
topoisomerase I or topoisomerase III, or eukaryotic topoisomerase III. Upon
cleavage of a nucleic acid molecule, the topoisomerase preferably is stably
bound to the 5' terminus. The 3'terminus of the end containing the
topoisomerase recognition site, or bound topoisomerase, can comprise a
3" hydroxyl group, or can be modified to comprise a 3' hydroxyl group. Upon
cleavage by the topoisomerase, the cleaved nucleic acid molecule may
comprise a 3' overhanging sequence.

[0046] The methods as exemplified herein can be performed using two or

' more site specific topoisomerases, wherein the first, second or other nucleic
acid substrates correspondingly have, at or near a 3' terminus or 5' terminus of
an end, a topoisomerase recognition site for one of the two or more
topoisomerases. The use of two or more topoisomerases, and corresponding
topoisomerase recognition sites, can facilitate the joining of the nucleic acid
molecules (which may be ss or ds) in a predetermined order, orientation, or
combination thereof. Thus, it will be recognized that, where a method of the
invention is exemplified using a topoisomerase, the method similarly can be
performed using two or more topoisomerases. In some cases, reference is

made to the use of at least one topoisomerase, although, unless indicated
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otherwise, the methods can be performed using one, two, three or more
topoisomerases, provided the substrate nucleic acid molecules contain the
appropriate topoisomerase recognition sites. Similar considerations are
relevant to topoisomerase-charged nucleic acid substrates, in that the
topoisomerases can be the same or different.

[0047] In another embodiment, a method of the invention can be performed by
contacting 1) a first nucleic acid molecule (which may be ss or ds) having a
first end and a second end, wherein the first nucleic acid molecule has a
topoisomerase recognition site at or near the 3' terminus and a topoisomerase
recognition site at or near the 5' terminus of the first end or of the second end
or of both ends; 2) at least a second nucleic acid molecule (which may also be
ss or ds) having a first end and a second end; and 3) at least two (e.g., 2, 3, 4,
5,6,7,8,9, 10, etc.) site specific topoisomerases, under conditions such that
all components are in contact and each of the topoisomerases can effect its
activity. Upon cleavage of the termini of the substrate first nucleic acid
molecule by the topoisomerases, the 5' terminus or the 3'terminus of one or
both ends can comprise an overhanging sequence, or can be blunt ended, or
one end can contain an overhang and the second end can be blunt ended.
Where present, an overhanging sequence generally has sufficient
complementarity to an overhanging sequence of the second (or other) nucleic
acid molecule to allow for specific hybridization of the two molecules to each
other.

[0048] Once nucleic acid molecules are joined by topoisomerase mediated
joining methods of the invention, the resulting nucleic acid molcules may then
be used in recombination reactions, such as those described elsewhere herein.

[0049] The number of different topoisomerases useful in such an embodiment
will depend, in part, on whether the first nucleic acid molecule contains
topoisomerase recognition sites at only the first end or the second end, or
contains topoisomerase recognition sites at both ends, and further, where the
nucleic acid molecule contains topoisomerase recognition sites on both ends,

whether at least the 3' recognition sites or the 5' recognition sites are different.
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In addition, the method can be performed such that one or more of the at least
second nucleic acid molecule also can contain a topoisomerase recognition site
at or near the 3' terminus and/or a topoisomerase recognition site at or near the
5' terminus of the first end or of the second end or of both ends, wherein the
topoisomerase recognition sites at or near the 3' terminus or the 5' terminus or
both of the other nucleic acid molecule can the same as or different from the
topoisomerase recognition sites in the first nucleic acid molecule. As such, the
number of different topoisomerase further will depend on the number of
different substrate nucleic acid molecules being linked according to a method
of the invention.

[0050] An advantage of performing a method of the invention using a site
specific topoisomerase is that the first nucleic acid molecule, the second
nucleic acid molecule, and one or more additional nucleic acid molecules
(which may be ss or ds) can be covalently linked in a predetermined
directional orientation. An additional advantage is that a functional product
can be selected in vitro by performing an amplification reaction using primers
specific for the termini of the desired covalently linked recombinant nucleic
acid molecule. As such, a covalently linked recombinant nucleic acid
molecule (which may be ss or ds) generated according to a method of the
invention can be used directly in further procedures, for example, for
transfecting a cell, or as a template for performing amplification (e.g., PCR), a
recombination reaction (e.g., a recombination reaction such as those described
herein), an in vitro transcription reaction, or a coupled transcription/translation
reaction.  Accordingly, the covalently linked recombinant nucleic acid
molecule is useful, without further manipulation, for various purposes.

[0051] In an aspect of the invention, the first nucleic acid molecules, as well
as other nucleic acids used in methods of the invention, may be derived from
at least a first population of nucleic acid molecules, for example, from a
cDNA library or a combinatorial library such as a combinatorial library of
synthetic oligonucleotides, and the second nucleic acid molecules, as well as

other nucleic acids used in methods of the invention, may be derived from at
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least a second population of source nucleic acid molecules. According to such
a method, linking of first nucleic acid molecules with second nucleic acid
molecules provides a means to generate combinatorial populations of
covalently linked recombinant nucleic acid molecules (which may be ss or ds).
In accordance with such a method, one or more target nucleic acid molecules
also can be linked with the recombinant nucleic acid molecules of the
population to produce additional populations.  Such populations of
combinatorial molecules can be further manipulated or analyzed, for example,
by protein expression and screening for fusion proteins having desirable
characteristics.

[0052] In one embodiment, a method of the invention is performed such that
the first nucleic acid molecule (which may be ss or ds), as well as other
nucleic acids used in methods of the invention, comprises an open reading
frame, for example, an isolated cDNA or coding sequence of a gene, and a
second nucleic acid molecule (which may be ss or ds) comprises a regulatory
element such as a promoter, which can be operably covalently linked to the 5'
end of the coding sequence such that the coding sequence can be transcribed
therefrom. A second nucleic acid molecule, as well as other nucleic acids
used in methods of the invention, also can comprise two or more regulatory
elements, for example, a promoter (e.g., a GAL4 promoter), an operator (e.g.,
a tet operator, a galactose operon operator, a lac operon operator, and the like),
an internal ribosome entry site and an ATG initiator methionine codon, in
operative linkage with each other, which can be operably covalently linked to
the 5' end of a first nucleic acid molecule comprising a coding sequence
according to a method of the invention. Such a method can further include
contacting a third nucleic acid molecule (which may be ss or ds) comprising,
for example, a polyadenylation signal, which can be operably covalently
linked to the 3' end of the coding sequence. Such a method can be useful for
generating an expressible nucleic acid molecule, which can be transcribed,
translated, or both as a functional unit. In addition, or alternatively, a nucleic

acid molecule encoding a detectable marker, for example, an epitope tag, can
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be operably linked to a first or second (or other) nucleic acid molecule(s)
according to a method of the invention. The generation of a recombinant
nucleic acid molecule (which may be ss or ds) having a desired directional
orientation of the nucleotide sequences in such a construct may be facilitated,
for example, by including complementary 5' overhanging sequences at the
termini of the nucleic acid molecules to be covalently linked together by the
topoisomerase.

[0053] In another embodiment, a method of the invention is performed such
that at least the first nucleic acid molecule or the at least second nucleic acid
molecule, as well as other nucleic acids used in methods of the invention, is
one of a plurality of nucleotide sequences, for example, a cDNA library, a
combinatorial library of nucleotide sequences, or a variegated population of
nucleotide sequences. In another embodiment, a method of the invention
includes further contacting a generated covalently linked ds recombinant
nucleic acid molecule (e.g., a recombinant nucleic acid molecule which is
covalently linked in one or both strands) with a PCR primer pair, and
amplifying all or a portion of the covalently linked recombinant nucleic acid
molecule. In addition to generating a large amount of product, the
amplification reaction can be selective for constructs comprising a desired
covalently linked ds recombinant nucleic acid molecule, particularly where the
nucleic acid molecules to be covalently linked comprise complementary
overhanging sequences. As such, a method of the invention provides an in
vitro selection means that is suitable for high throughput analysis.

[0054] A method of the invention is also exemplified by contacting 1) a first
nucleic acid molecule (which may be ss or ds) having a first end and a second
end, wherein, at the first end or second end or both, the first nucleic acid
molecule has a topoisomerase covalently bound to the 3'terminus
(“topoisomerase-charged”); and 2) at least a second topoisomerase-charged
nucleic acid molecule (which may be ss or ds). Preferably, the topoisomerase-
charged nucleic acid molecules contain a 5' hydroxyl group at the ends

containing the bound topoisomerase, although 5' hydroxy groups also can be
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generated using a phosphatase. The methods of the invention can be
performed using only a first nucleic acid molecule and a second nucleic acid
molecule, or can include a third, fourth or more nucleic acid molecules (which
may be ss or ds) as desired, wherein each nucleotide sequence is as defined. A
first or second (or other) nucleic acid molecule independently can have a
topoisomerase covalently bound to a 3' terminus of one end or at both ends of
the nucleotide sequence, and, unless indicated otherwise, the first and second
(or other) nucleic acid molecules can be the same or can be different. In
certain such aspects, at least one of the nucleic acid molecules used in the
methods described herein will comprise at least one recombination site.
Further, nucleic acid molecules generated by methods described above may be
used in recombination reactions, such as those described elsewhere herein.
[0055] Methods of the invention are further exemplified by contacting 1) a
first nucleic acid molecule (which may be ss or ds) having a first end and a
second end, wherein, at the first end or second end or both, the first nucleic
acid molecule has a topoisomerase covalently bound to a 5'terminus (i.e., a
topoisomerase-charged 5' terminus); and 2) at least a second topoisomerase-
charged nucleic acid molecule (which may be ss or ds) comprising at least one
topoisomerase-charged 5' terminus. The topoisomérase-charged nucleic acid
molecules can contain a 3' hydroxyl group at the ends containing the bound
topoisomerase, or a 3' hydroxyl group can be generated using a phosphatase.
As disclosed herein, such a method can be performed using only a first nucleic
acid molecule and a second nucleic acid molecule, or can include a third,
fourth or more nucleic acid molecules (which may be ss or ds) as desired,
wherein each nucleotide sequence is as defined, including comprising at least
one topoisomerase-charged 5' terminus. A first or second (or other) nucleic
acid molecule independently can have a topoisomerase covalently bound to a
5' terminus of one end or at both ends of the nucleic acid molecule, and, unless
indicated otherwise, the first and second (or other) nucleic acid molecules can
be the same or can be different. In certain such aspects, at least one of the

nucleic acid molecules used in the methods described herein will comprise at
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least one recombination site. Further, nucleic acid molecules generated by
methods described above and elsewhere herein may also be used in
recombination reactions, such as those described elsewhere herein.

[0056] A method of the invention is additionally exemplified by contacting 1)
a first nucleic acid molecule having a first end and a second end, wherein, at
the first end or second end or both, the first nucleic acid molecule has a first
topoisomerase covalently bound to the 5' terminus and a second topoisomerase
covalently bound to the 3' terminus of the first end or the second end or both
(i.e., one or both ends contain a topoisomerase charged 5' terminus and a
topoisomerase-charged 3' terminus); and 2) at least a second nucleic acid
molecule, which, preferably, has or can be made to have hydroxyl groups at
the 5' terminus and 3' terminus of an end to be covalently linked to an end of
the first nucleic acid molecule containing the topoisomerases. Th method also
can be performed wherein either the 5'terminus or 3' terminus of the end
containing a topoisomerase-charged 3'terminus or topoisomerase-charged 5'
terminus, respectively, contains a topoisomerase recognition site, wherein the
method further includes contacting the components with a topoisomerase that
can effect its activity with respect to the topoisomerase recognition site. In
certain such aspects, at least one of the nucleic acid molecules used in the
methods described herein will comprise at least one recombination site.
Further, nucleic acid molecules generated by methods described above and
elsewhere herein may also be used in recombination reactions, such as those
described elsewhere herein.

[0057] Such a method of the invention can be performed using only a first
nucleic acid molecule and a second nucleic acid molecule, or can include a
third, fourth or more nucleic acid molecule as desired, wherein the nucleic
acid molecules are as defined for the first nucleic acid molecule, the second
nucleic acid molecule, or a combination thereof. A first or second (or other)
nucleic acid molecule independently can, but need not, have one or more
topoisomerases covalently bound to a 5' terminus, 3' terminus, or both 5' and 3'

termini of the second end (i.e., the undefined end). Further, one or more of
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these nucleic acid molecules may additionally comprise one or more
recombination sites. Unless indicated otherwise, the first and second
(or other) nucleic acid molecules can be the same or can be different.

[0058] The present invention further relates to a method of generating a
covalently linked ds recombinant nucleic acid molecule by 1) amplifying a
portion of a first nucleic acid molecule using a PCR primer pair, wherein at
least one primer of the primer pair encodes a complement of a topoisomerase
recognition site, and, optionally, of one or more recombination sites, thereby
producing an amplified first nucleic acid molecule having a first end and a
second end, wherein the first end or second end or both has a topoisomerase
recognition site at or near the 3' terminus; and 2) contacting a) the amplified
first nucleic acid molecule; b) at least a second nucleic acid molecule having a
first end and a second end, wherein the first end or second end or both has a
topoisomerase récognition site, or cleavage product thereof, at or near the 3'
terminus and has, or can be made to have, a hydroxyl group at the 5' terminus
of the same end; and c) a site specific topoisomerase, under conditions such
that the topoisomerase can cleave the end of the amplified first nucleic acid
molecule having a topoisomerase recognition site and the end (or ends) of the
at least second nucleic acid molecule having a topoisomerase recognition site,
and can effect its ligating activity. The PCR primer that encodes a
complement of topoisomerase recognition site can have a hydroxyl group at its
5' terminus, or the amplified first nucleic acid molecule generated using the
primer can be contacted with a phosphatase to generate a hydroxyl group at its
5' terminus. The PCR primer encoding the complement of a topoisomerase
recognition site also can comprise a nucleotide sequence at its 5' terminus such
that, upon cleavage by a site specific topoisomerase of a first nucleic acid
molecule amplified using the primer, the nucleic acid molecule contains a 5'
overhanging sequence, which is complementary to a 5' overhanging sequence
of a second (or other) nucleic acid molecule to which the first nucleic acid
molecule is to be covalently linked according to a method of the invention. In

certain such aspects, at least one of the nucleic acid molecules used in the
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methods described herein will comprise at least one recombination site.
Further, nucleic acid molecules generated by methods described above and
elsewhere herein may also be used in recombination reactions, such as those
described elsewhere herein.

[0059] The present invention also relates to a method of generating a
covalently linked ds recombinant nucleic acid molecule by 1) amplifying a
portion of a first nucleic acid molecule using a PCR primer pair, wherein at
least one primer of the primer pair encodes a topoisomerase recognition site,
and, optionally, one or more recombination sites, thereby producing an
amplified first nucleic acid molecule having a first end and a second end,
wherein the first end or second end or both has a topoisomerase recognition
site at or near the 5' terminus; and 2) contacting a) the amplified first nucleic
acid molecule; b) at least a second nucleic acid molecule having a first end and
a second end, wherein the first end or second end or both has a topoisomerase
recognition site at or near the 5' terminus and has, or can be made to have, a
hydroxyl group at the 3' terminus of the same end; and c) at least one site
specific topoisomerase, under conditions such that the at least one
topoisomerase can cleave the end of the amplified first nucleic acid molecule
having a topoisomerase recognition site and the end (or ends) of the at least
second nucleic acid molecule having a topoisomerase recognition site, and can
effect its ligating activity. The amplified first nucleic acid molecule generally
has a hydroxyl group at the 3' terminus of the end containing the
topoisomerase recognition site, or can be modified to contain such a 3'
hydroxyl group. The PCR primer encoding the topoisomerase recognition site
can further comprise a nucleotide sequence at its 5' terminus, i.e., 5' to the
topoisomerase recognition site, such that, upon cleavage of the amplified first
nucleic acid molecule by a site specific topoisomerase, the nucleic acid
molecule contains a 3' overhanging sequence, which is complementary to a 3'
overhanging sequence of a second (or other) nucleic acid molecule to which
the first nucleic acid molecule is to be covalently linked according to a method

of the invention. In certain such aspects, at least one of the nucleic acid
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molecules used in the methods described herein will comprise at least one
recombination site. Further, nucleic acid molecules generated by methods
described above and elsewhere herein may also be used in recombination
reactions, such as those described elsewhere herein.

[0060] The present invention further relates to a method of generating a
covalently linked ds recombinant nucleic acid molecule by 1) amplifying a
portion of a first nucleic acid molecule using a PCR primer pair, wherein at
least one primer of the primer pair includes a topoisomerase recognition site, a
nucleotide sequence complementary to a topoisomerase recognition site, such
that PCR introduces a functional recognition site in the opposite strand (see
primer sequences in Figure 9D), and, optionally, a recombination site, thereby
producing an amplified first nucleic acid molecule having a first end and a
second end, wherein the amplified first nucleic acid molecule has a
topoisomerase recognition site at or near the 5'terminus and a topoisomerase
recognition site at or near the 3' terminus of the first end or of the second end
or of both ends; and 2) contacting a) the amplified first nucleic acid molecule;
b) at least a second nucleic acid molecule having a first end and a second end,
wherein the second nucleic acid molecule has, or can be made to have, a
5' hydroxyl group and a 3' hydroxyl group at the first end or at second end or
at both ends; and c) at least two site specific topoisomerases, under conditions
such that i) at least one topoisomerase can cleave the topoisomerase
recognition site at or near the 5' terminus of the end of the amplified first
nucleic acid molecule, and can effect its ligating activity, and ii) at least one
topoisomerase can cleave the topoisomerase recognition site at or near the 3'
terminus of the end of the amplified first nucleic acid molecule, and can effect
its ligating activity. Accordingly, the present invention provides a nucleic acid
molecule containing, at one or both ends, a topoisomerase recognition site at
or near the 5' terminus and a topoisomerase recognition site at or near the 3'
terminus. In addition, the invention provides such a nucleic acid molecule,
which is topoisomerase charged at the 5' terminus or the 3' terminus or both. In

certain such aspects, at least one of the nucleic acid molecules used in the



WO 03/103600 PCT/US03/18036

-33-

methods described herein will comprise at least one recombination site.
Further, nucleic acid molecules generated by methods described above and
elsewhere herein may also be used in recombination reactions, such as those
described elsewhere herein.

[0061] The present invention further relates to an oligonucleotide containing
at least one recognition site of one or more type IA site specific
topoisomerases, at least one nucleotide sequence complementary to a
recognition site of one or more type IB site specific topoisomerases and,
optionally, at least one recombination site. Such an oligonucleotide is useful,
for example, as a primer for a primer extension reaction or as one of a primer
pair for performing an amplification reaction such as PCR. Such an
oligonucleotide, referred to herein as an oligonucleotide primer, can be one of
a primer pair, which can be useful for generating a dsnucleic acid
amplification product that contains, at one end, a type IA topoisomerase
recognition site at or near the 5' terminus and, at the same end, a type 1B
topoisomerase recognition site at or near the 3' terminus. The oligonucleotide
primer can further contain a nucleotide sequence encoding (or complementary
to) any other nucleotide sequence or peptide of interest, for example, a
restriction endonuclease recognition site, a peptide tag, and, if desired, one or
more additional type IA or type IB topoisomerase recognition sites, thereby
allowing selection of one or more convenient or readily available
topoisomerases for practicing a method of the invention. The oligonucleotide
primer can further comprise a nucleotide sequence at its 5' terminus, i.e., 5' to
the type IA topoisomerase recognition site or to the nucleotide sequence
complementary to the type IB topoisomerase recognition site, such that, upon
cleavage of the amplified first nucleic acid molecule by a site specific
topoisomerase, the nucleic acid molecule contains a 3' or 5'overhanging
sequence, respectively, which is complementary to a 3'or 5'overhanging
sequence, respectively, of a second (or other) nucleic acid molecule to which
the first nucleic acid molecule is to be covalently linked according to a method

of the invention, or the oligonucleotide primer can be designed such that, upon
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cleavage of an amplified nucleic acid molecule generated therefrom, a blunt
end topoisomerase charged nucleic acid molecule is generated.

[0062] The invention further relates to an oligonucleotide which contains at
least one topoisomerase recognition site, or a mnucleotide sequence
complementary thereto, and at least one recombination site. Such an
oligonucleotide may be used as described above, for example as one member
of a primer pair.

[0063] Oligonucleotides of the invention will often be between 15-20, 15-30,
15-50, 20-30, 20-50, 30-40, 30-50, 30-80, 30-100, 40-50, 40-70, 40-80, 40-
100, 50-60, 50-80, 50-100, 15-80, 15-100, or 20-100 (or the like) nucleotides
in length.

[0064] The present invention also provides a primer pair, which includes at
least one oligonucleotide primer as defined above, wherein one of the primers
is useful as a forward primer and the primer is useful as a reverse primer in an
amplification reaction. The second primer in such a primer pair can, but need
not, include a type IA topoisomerase recognition site, a nucleotide sequence
complementary to a type IB topoisomerase recognition site, or both, and can
include any other nucleotide sequence of interest and/or at least one
recombination site. In one embodiment, the primer pair includes two
oligonucleotide primers of the invention, wherein one oligonucleotide primer
is useful as a forward primer and the second oligonucleotide primer is useful
as a reverse primer, such a primer pair being useful, for example, for
generating a nucleic acid molecule amplification product having
topoisomerase recognition sites at both termini of both ends and/or one or
more recombination sites, wherein the type IA or type IB or both
topoisomerase recognition sites at the termini are the same or different.

[0065] Accordingly, the present invention further relates to a nucleic acid
molecule, which has a first end and a second end, and which contains a type
IA topoisomerase recognition site at or near the 5'terminus and a type IB
topoisomerase recognition site at or near the 3' terminus of the first end or of

the second end or of both ends. In addition, the present invention provides a
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nucleic acid molecule as defined above, except wherein the nucleic acid
molecule is a topoisomerase charged molecule, comprising a stably bound
type IA topoisomerase or a type IB topoisomerase or both, at one or both ends,
as desired. These nucleic acid molcules may further comprise one or more
recombination sites.

[0066] In one embodiment, the first nucleic acid molecule, as well as other
nucleic acids used in methods of the invention, comprises an expressible
nucleotide sequence which encodes molecules such as a polypeptide (which
may be, e.g., a polypeptide with an intein), an antisense nucleotide sequence,
interference RNA (i.e., “RNAi”) molecule(s), a ribozyme, a transfer RNA
(i.e., a tRNA, including but not limited to a supressor tRNA), a triplexing
nucleotide sequence, and the like, and the second (or other) nucleic acid
molecule comprises a transcription regulatory element such as a promoter
(e.g., a GAL4 operator), an operator (e.g., a tet operator, a galactose operon
operator, a lac operon operator, and the like), an enhancer, a silencer, a
translation start site, or a polyadenylation signal, or encodes a translation
regulatory element such as an initiator methionine, a STOP codon, a cell
compartmentalization domain, a homology domain, or the like, or a
combination thereof in operative linkage. A second (or other) nucleic acid
molecule, as well as other nucleic acids used in methods of the invention,
which can be an amplified second (or other) nucleic acid molecule prepared as
for the amplified first nucleic acid molecule, also can comprise one or more
multiple cloning sites (“MCS”), a detectable label, for example, an enzyme, a
substrate for an enzyme, a fluorescent compound, a luminescent compound, a
chemiluminescent compound, a radionuclide, a paramagnetic compound, and
biotin; or can include a tag, which can be an oligonucleotide tag or can be a
peptide tag, for example, a polyhistidine tag, a V5 epitope, or a myc epitope.

[0067] In another embodiment, a method of the invention is performed using a
first nucleic acid molecule that encodes a polypeptide (e.g., a polypeptide
which contains an intein), or a domain thereof, and a second (or other) nucleic

acid molecule that encodes a transcription activation domain or a DNA
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binding domain. Such a method can be used to generate covalently linked
ds recombinant nucleic acid molecules that encode chimeric polypeptides
useful for performing a two hybrid assay system, particularly a high
throughput two hybrid assay. In still another embodiment, the first nucleic
acid molecules comprises a plurality of nucleotide sequences, which can be a
cDNA library, a combinatorial library of nucleotide sequences, a variegated
population of nucleotide sequences, or the like.

[0068] A method of the invention provides a means to generate a covalently
linked ds recombinant nucleic acid molecule useful for site specific insertion
into a target genomic DNA sequence. The target genomic DNA sequence can
be any genomic sequence, particularly a gene, and preferably a gene for which
some or all of the nucleotide sequence is known. The method can be
performed utilizing two sets of PCR primer pairs and a nucleic acid molecule.
The nucleic acid molecule has a first end and a second end and encodes a
polypeptide, for example, a selectable marker, wherein the nucleic acid
molecule comprises a topoisomerase recognition site or cleavage product
thereof at the 3' terminus of each end and, optionally, a hydroxyl group at the
5' terminus of each end, and wherein, preferably, the 5' termini comprise
overhanging sequences, which are different from each other. Similarly, the
nucleic acid molecule can comprise a topoisomerase recognition site or
cleavage product thereof at or near the 5' terminus of one or both ends and,
optionally, a hydroxyl group at the 3' terminus of one or both end, and wherein
one or both the 3' termini can comprise overhanging sequences, which can be
the same as or, preferably, different from each other; or the 5' terminus and
3' terminus of one or both ends of the nucleic acid molecule each can comprise
a topoisomerase recognition site or cleavage product thereof (see Figure 11).
In certain such aspects, at least one of the nucleic acid molecules used in the
methods described herein will comprise at least one recombination site.
Further, nucleic acid molecules generated by methods described above and
elsewhere herein may also be used in recombination reactions, such as those

described elsewhere herein.
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[0069] The two sets of PCR primer pairs will generally be selected such that,
in the presence of an appropriate DNA polymerase such as Taq polymerase
and a template comprising the sequences to be amplified, the primers amplify
portions of a genomic DNA sequence that are upstream (and adjacent to) and
downstream (and adjacent to) of the target site for insertion of the polypeptide
(e.g., selectable marker). The sets of PCR primer pairs also are designed such
that the amplification products contain a topoisomerase recognition site at
least at the end to be covalently linked to the selectable marker, including at or
near the 5' terminus, or the 3' terminus, or both, as appropriate for the
particular method of the invention being practiced. As such, the first PCR
primer pair can include, for example, 1) a first primer, which comprises, in an
orientation from 5' to 3', a nucleotide sequence complementary to a
5' overhanging sequence of the end of the selectable marker to which the
amplification product is to be covalently linked, a nucleotide sequence
complementary to a topoisomerase recognition site, such that PCR introduces
a functional recognition site in the opposite strand (see primer sequences in
Figure 9D), and a nucleotide sequence complementary to a 3'sequence of a
target genomic DNA sequence; and 2) a second primer, which comprises a
nucleotide sequence of the target genomic DNA upstream of the 3' sequence to
which the first primer is complementary. The second PCR primer pair
includes 1) a first primer, which comprises, from 5' to 3', a nucleotide
sequence complementary to the 5'overhanging sequence of the end of-the
selectable marker to which it is to be covalently linked, a nucleotide sequence
complementary to a topoisomerase recognition site, such that PCR introduces
a functional recognition site in the opposite strand (see primer sequences in
Figure 9D), and a nucleotide sequence of a 5' sequence of a target genomic
DNA sequence, wherein the 5' sequence of the target genomic DNA is
downstream of the 3' sequence of the target genomic DNA to which the first
primer of the first PCR primer pair is complementary; and 2) a second primer,

which comprises a nucleotide sequence complementary to a 3' sequence of the
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target genomic DNA that is downstream of the 5'sequence of the target
genomic DNA contained in the first primer.

[0070] Upon contact of the nucleic acid molecule comprising the selectable
marker, the PCR amplification products, and at least one topoisomerase, a
covalently linked ds recombinant nucleic acid molecule is generated according
to a method of the invention. The generated ds recombinant nucleic acid
molecule is useful for performing homologous recombination in a genome, for
example, to knock-out the function of a gene in a cell, or to confer a novel
phenotype on the cell containing the generated ds recombinant nucleic acid
molecule. The method can further be used to produce a transgenic non-human
organism having the generated recombinant nucieic acid molecule stably
maintained in its genome.

[0071] The present invention also relates to compositions prepared according
to the methods of the invention, and to compositions useful for practicing the
methods. Such compositions can include one or more reactants used in the
methods of the invention and/or one or more dsrecombinant nucleic acid
molecules produced according to a method of the invention. Such
compositions can include, for example, one or more nucleic acid molecules
with one or more topoisomerase recognition sites; one or more topoisomerase-
charge nucleic acid molecules; one or more nucleic acid molecules comprising
one or more recombination sites; one or more primers useful for preparing a
nucleic acid molecule containing a topoisomerase recognition site at one or
both termini of one or both ends of an amplification product prepared using
the primer; one or more topoisomerases; one or more substrate nucleic acid
molecules, including, for example, nucleotide sequences encoding tags,
markers, regulatory elements, or the like; one or more covalently linked ds
recombinant nucleic acid molecules produced according to a method of the
invention; one or more cells containing or useful for containing a nucleic acid
molecule, primer, or recombinant nucleic acid molecule as disclosed herein;
one or more polymerases for performing a primer extension or amplification

reaction; one or more reaction buffers; and the like. In one embodiment, a
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composition of the invention comprises two or more different topoisomerase-
charged nucleic acid molecules and/or two or more different recombination
sites. The composition can further comprise at least one topoisomerase. A
composition of the invention also can comprise a site specific topoisomerase
and a covalently linked ds recombinant nucleic acid molecule, wherein the
recombinant nucleic acid molecule contains at least one topoisomerase
recognition site for the site specific topoisomerase in each strand, and wherein
a topoisomerase recognition site in one strand is within about 100 nucleotides
of a topoisomerase recognition site in the complementary strand, generally
within about five, ten, twenty or thirty nucleotides.

[0072] Product molecules produced by methods of the invention may
comprise any combination of starting molecules (or portions thereof) and can
be any size and be in any form (e.g., circular, linear, supercoiled, etc.),
depending on the starting nucleic acid molecule or segment, the location of the
recombination sites on the molecule, and the order of recombination of
the sites.

[0073] Any of the product molecules of the invention may be further
manipulated, analyzed or used in any number of standard molecular biology
techniques or combinations of such techniques (in vitro or in vivo). These
techniques include sequencing, amplification, nucleic acid synthesis, protein
or peptide expression (for example, fusion protein expression, antibody
expression, hormone expression etc.), protein-protein interactions (2-hybrid or
reverse 2-hybrid analysis), homologous recombination or gene targeting, and
combinatorial library analysis and manipulation. The invention also relates to
cloning the nucleic acid molecules of the invention (preferably by
recombination) into one or more vectors or converting the nucleic acid
molecules of the invention into a vector by the addition of certain functional
vector sequences (e.g., origins of replication). In one aspect, recombination
and/or topoisomerase-mediated joining is accomplished in vitro and further
manipulation or analysis is performed directly in vitro. Thus, further analysis

and manipulation will not be constrained by the ability to introduce the
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molecules of the invention into a host cell and/or maintained in a host cell.
Thus, less time and higher throughput may be accomplished by further
manipulating or analyzing the molecules of the invention directly in in vitro,
although in vitro analysis or manipulation can be done after passage through
host cells or can be done directly in vivo (while in the host cells).

[0074] Nucleic acid synthesis steps, according to the invention, may comprise:

(a) mixing a nucleic acid molecule of interest or template with one
or more primers and one or more nucleotides to form a mixture; and

(b)  incubating said mixture under conditions sufficient to
synthesize a nucleic acid molecule complementary to all or a portion of said
molecule or template.

[0075] The synthesized molecule may then be used as a template for further
synthesis of a nucleic acid molecule complementary to all or a portion of the
first synthesized molecule. Accordingly, a double stranded nucleic acid
molecule (e.g., DNA) may be prepared. Preferably, such second synthesis
step is preformed in the presence of one or more primers and one or more
nucleotides under conditions sufficient to synthesize the second nucleic acid
molecule complementary to all or a portion of the first nucleic acid molecule.
Typically, synthesis of one or more nucleic acid molecules is performed in the
presence of one or more polymerases (preferably DNA polymerases which
may be thermostable or mesophilic), although reverse transcriptases may also
be used in such synthesis reactions. Accordingly, the nucleic acid molecules
used as templates for the synthesis of additional nucleic acid molecules may
be RNA, mRNA, DNA or non-natural or derivative nucleic acid molecules.
Nucleic acid synthesis, according to the invention, may be facilitated by
mcorporating one or more primer sites into the product molecules through the
use of starting nucleic acid molecules containing such primer sites. Thus, by
the methods of the invention, primer sites may be added at one or a number of
desired locations in the product molecules, depending on the location of the
primer site within the starting molecule and the order of addition of the

‘ starting molecule in the product molecule.
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[0076] Sequencing steps, according to the invention, may comprise:

(a) mixing a nucleic acid molecule to be sequenced with one or
more primers, one or more nucleotides and one or more termination agents to
form a mixture;

(b)  incubating said mixture under conditions sufficient to
synthesize a population of molecules complementary to all or a portion of said
molecules to be sequenced; and

(c) separating said population to determine the nucleotide sequence
of all or a portion of said molecule to be sequenced.

[0077] Such sequencing steps are preferably performed in the presence of one
or more polymerases (e.g., DNA polymerases and/or reverse transcriptases)
and one or more primers. Preferred terminating agents for sequencing include
derivative nucleotides such as dideoxynucleotides (ddATP, ddTTP, ddGTP,
ddCTP and derivatives thereof). Nucleic acid sequencing, according to the
invention, may be facilitated by incorporating one or more sequencing primer
sites into the product molecules through the use of starting nucleic acid
molecules containing such primer sites. Thus, by the methods of the
invention, sequencing primer sites may be added at one or a number of desired
locations in the product molecules, depending on the location of the primer
site within the starting molecule and the order of addition of the starting
molecule in the product molecule.

[0078] Protein expression steps, according to the invention, may comprise:

(2) obtaining a nucleic acid molecule to be expressed which
comprises one or more expression signals; and

(b)  expressing all or a portion of the nucleic acid molecule under
control of said expression signal thereby producing a peptide or protein
encoded by said molecule or portion thereof.

[0079] In this context, the expression signal may be said to be operably linked
to the sequence to be expressed. The protein or peptide expressed is
preferably expressed in a host cell (in vivo), although expression may be

conducted in vitro using techniques well known in the art. Upon expression of
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the protein or peptide, the protein or peptide product may optionally be
isolated or purified. Moreover, the expressed protein or peptide may be used
in various protein analysis techniques including 2-hybrid interaction, protein
functional analysis and agonist/antagonist-protein interactions (e.g.,
stimulation or inhibition of protein function through drugs, compounds or
other peptides). The novel and unique hybrid proteins or peptides (e.g., fusion
proteins) produced by the invention and particularly from expression of the
combinatorial molecules of the invention may generally be useful for
therapeutics.  Protein expression, according to the invention, may be
facilitated by incorporating one or more transcription or translation signals or
regulatory sequences, start codons, termination signals, splice donor/acceptor
sequences (e.g., intronic sequences) and the like into the product molecules
through the use of starting nucleic acid molecules containing such sequences.
Thus, by the methods of the invention, expression sequences may be added at
one or a number of desired locations in the product molecules, depending on
the location of such sequences within the starting molecule and the order of
addition of the starting molecule in the product molecule.
[0080] Homologous recombination, according to the invention, may comprise:
(a) mixing at least a first nucleic acid molecule of the invention
(which is preferably a product molecule) comprising one or more
recombination sites and/or one or more toposiomerase recognition sites with at
least one target nucleic molecule, wherein said first and target molecules have
one or more homologous sequences; and
(b)  causing said first and target nucleic acid molecules‘ to
recombine by homologous recombination. One example of a nucleic acid
construct that can be used for homologous recombination is depicted in
Figure 37. The invention further includes methods for preparing nucleic acid
molecules which can be used for homologous recombination, and nucleic acid
molecules prepared by such methods, as well as cells which have undergone

homologous recombination according to methods of the invention.
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[0081] Such homologous recombination may occur in vitro, but preferably is
accomplished in vivo (e.g., in a host cell). Preferably, homologous
recombination causes transfer of all or a portion of a nucleic acid molecule of
the invention containing recombination sites (the first nucleic acid molecule)
into one or more positions of the target nucleic acid molecule containing
homologous sequences. Selection of such homologous recombination may be
facilitated by positive or negative selection (e.g., using selectable markers) to
select for a desired product and/or against an undesired product. In a preferred
aspect, the nucleic acid molecule of the invention comprises at least one
selectable marker and at least two sequences which are homologous to the
target molecule. Preferably, the first molecule comprises at least two
homologous sequences flanking at least one selectable marker.

[0082] The present invention thus facilitates construction of gene targeting
nucleic acid molecules or vectors which may be used to knock-out or mutate a
sequence or gene of interest (or alter existing sequences, for example to
convert a mutant sequence to a wild type sequence), particularly genes or
sequences within a host or host cells such as animal, plant, human, insect,
bacteria, and the like or sequences of adventitious agents such as viruses
within such host or host cells. Such gene targeting may preferably comprise
targeting a sequence on the genome of such host cells. Such gene targeting
may be conducted in vitro or in vivo. Thus, in a preferred aspect, the invention
relates to a method of targeting or mutating a sequence or a gene comprising:

(a) obtaining at least one nucleic acid molecule of the invention
comprising one or more recombination sites and/or one or more topoisomerase
recognition sites (and preferably one or more selectable markers), wherein
said molecule comprises one or more sequences homologous to the target gene
or sequence of interest (said one or more homologous sequences preferably
flank one or more selectable markers on the molecule of the invention); and

(b) contacting said molecule with one or more target genes or
sequences of interest under conditions sufficient to cause homologous

recombination at one or more sites between said target sequence or gene of
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interest and said molecule of the invention, thereby causing insertion of all or
a portion of the molecule of the invention within the target sequence or gene.

[0083] Such targeting method may cause deletion, inactivation or partial
inactivation of the sequence or target gene such that an expression product
(typically a protein or peptide) normally expressed by such sequence is not
produced or produced at a higher or lower level or to the extent produced is
has an altered protein sequence which may result in more or less activity or in
an inactive or partially inactive expression product. The selectable marker
preferably present on the molecule of the invention facilitates selection of
candidates (for example host cells) in which the homologous recombination
event was successful. Thus, the present invention provides a method to
produce host cells, tissues, organs, and animals (e.g., transgenic animals)
containing the modified gene or sequence produced by the targeting methods
of the invention. The modified sequence or gene preferably comprises at least
one recombination site and/or at least one selectable marker provided by the
molecule of the invention.

[0084] Thus, the present invention more specifically relates to a method of
targeting or mutating a sequence or a gene comprising:

(a) obtaining at least one nucleic acid molecule of the invention
comprising one or more recombination sites, at least one selectable marker
flanked by one or more sequences homologous to the target gene or sequence
of interest and, optionally, one or more topoisomerase recognition sites;

(b) contacting said molecule with one or more target genes or
sequences of interest under conditions sufficient to cause homologous
recombination at one or more sites between said target sequence or gene of
interest and said molecule, thereby causing insertion of all or a portion of the
molecule of the invention (and preferably causing insertion of at least one
selectable marker and/or at least one recombination site) within the target

sequence or gene,; and
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(c) optionally selecting for said sequence or gene comprising all or
a portion of the molecule of the invention or for a host cell containing said
gene or sequence containing all or a portion of said molecule of the invention.

[0085] In another aspect of the invention, recombination sites introduced into
targeted sequences according to the invention may be used to excise or remove
all or a portion of the molecule inserted into the target sequence. Thus, the
invention allows for in vitro or in vivo removal of such sequences and thus
may allow for reactivation of the target gene or sequence. In some
embodiments, after identification and isolation of a sequence containing the
alterations introduced as above, a selectable marker present on the molecule of
the present invention may be removed.

[0086] The present invention also provides methods for cloning the starting or
product nucleic acid molecules of the invention into one or more vectors or
converting the product molecules of the invention into one or more vectors. In
one aspect, the starting molecules are recombined to make one or more
product molecules and such product molecules are cloned (preferably by
recombination) into one or more vectors. In another aspect, the starting
molecules are cloned directly into one or more vectors such that a number of
starting molecules are joined within the vector, thus creating a vector
containing the product molecules of the invention. In another aspect, the
starting molecules are cloned directly into one or more vectors such that the
starting molecules are not joined within the vector (i.e., the starting molecules
are separated by vector sequences). In yet another aspect, a combination of
product molecules and starting molecules may be cloned in any order into one
or more vectors, thus creating a vector comprising a new product molecule
resulting from a combination of the original starting and product molecules.

[0087] Thus, the invention relates to a method of cloning comprising:

(a) obtaining at least one nucleic acid molecule of the invention
comprising one or more recombination sites and/or one or more topoisomerase

recognition sites; and
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(b) transferring all or a portion of said molecule into one or more
vectors. The invention further includes vectors prepared by such methods,
compositions comprising these vectors, and methods using these vectors.

[0088] Such vectors will often comprise one or more recombination sites
and/or one or more topoisomerase recognition sites, and the transfer of the
molecules into such vectors is preferably accomplished by recombination
between one or more sites on the vectors and one or more sites on the
molecules of the invention. In another aspect, the product molecules of the
invention may be converted to molecules which function as vectors by
including the necessary vector sequences (e.g., origins of replication). Thus,
according to the invention, such vectors sequences may be incorporated into
the product molecules through the use of starting molecules containing such
sequences. Such vector sequences may be added at one or a number of
desired locations in the product molecules, depending on the location of the
sequence within the starting molecule and the order of addition of the starting
molecules in the product molecule. The product molecule containing the
vector sequences may be in linear form or may be converted to a circular or
supercoiled form by causing recombination of recombination sites within the
product molecule or by a topoisomerase-mediated joining reaction. Often,
circularization of such product molecule is accomplished by recombining

recombination sites at or near both termini of the product molecule.

[0089] The vector sequences used in the invention may comprise one or a
number of elements and/or functional sequences and/or sites (or combinations
thereof) including one or more sequencing or amplification primer sites, one
or more multiple cloning sites, one or more selectable markers (e.g., toxic
genes, antibiotic resistance genes, selectable markers etc.), one or more
transcription or transiation sites or signals, one or more transcription or
translation termination sites, one or more topoisomerase recognition sites, one
or more topoisomerases, one or more origins of replication, one or more
recombination sites (or portions thereof), etc. The vector sequences used in

the invention may also comprise stop codons which may be suppressed to
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allow expression of desired fusion proteins as described herein. Thus,
according to the invention, vector sequences may be used to introduce one or
more of such elements, functional sequences and/or sites into any of the
nucleic acid molecule of the invention, and such sequences may be used to
further manipulate or analyze any such nucleic acid molecule cloned into such
vectors. For example, primer sites provided by a vector (preferably located on
both sides of the insert cloned in such vector) allow sequencing or
amplification of all or a portion of a product molecule cloned into the vector.
Additionally, transcriptional or regulatory sequences contained by the vector
allows expression of peptides, polypeptides or proteins encoded by all or a
portion of the product molecules cloned to the vector. Likewise, genes,
portion of genes or sequence tags (such as GUS, GST, GFP, His tags, epitope
tags and the like) provided by the vectors allow creation of populations of
gene fusions with the product molecules cloned in the vector or allows
production of a number of peptide, polypeptide or protein fusions encoded by
the sequence tags provided by the vector in combination with the product
sequences cloned in such vector. Such genes, portions of genes or sequence
tags may be used in combination with optionally suppressed stop codons to
allow controlled expression of fusion proteins encoded by the sequence of
interest being cloned into the vector and the vector supplied gene or tag
sequence. In a construct, the vector may comprise one or more recombination
sites, one or more stop codons and one or more tag sequences. In some
embodiments, the tag sequences may be adjacent to a recombination site.
Optionally, a stop codon may be incorporated into the sequence of the tag or
in the sequence of the recombination site in order to allow controlled addition
of the tag sequence to the gene of interest. In embodiments of this type, the
gene of interest may be inserted into the vector by recombinational cloning
such that the tag and the coding sequence of the gene of interest are in the
same reading frame. The gene of interest may be provided with translation
initiation signals, e.g., Shine-Delgarno sequences, Kozak sequences and/or

IRES sequences, in order to permit the expression of the gene with a native
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N-terminal when the stop codon is not suppressed. The gene of interest may
also be provided with a stop codon at the 3'-end of the coding sequence. In
some embodiments, a tag sequence may be provided at both the N- and C-
terminals of the gene of interest. Optionally, the tag sequence at the
N-terminal may be provided with a stop codon and the gene of interest may be
provided with a stop codon and the tag at the C-terminal may be provided with
a stop codon. The stop codons may be the same or different. In some
embodiments, the stop codon of the N-terminal tag is different from the stop
codon of the gene of interest. In embodiments of this type, suppressor tRNAs
corresponding to one or both of the stop codons may be provided. When both
are provided, each of the suppressor tRNAs may independently be provided on
the same vector, a different vector or in the host cell genome. The suppressor
tRNAs need not both be provided in the same way, for example, one may be
provided on the vector containing the gene of interest while the other may be
provided in the host cell genome. In this way, the nucleic acid molecules of
one such aspect of the invention may comprise a suppressible stop codon that
separates two coding regions. Depending on the location of the expression
signals (e.g., promoters), expression of the suppressor tRNA results in
suppression of the stop codon(s), thereby allowing the production of a fusion
peptide, for example a fusion peptide having an affinity tag sequence at the N-
and/or C-terminus of the expressed protein. By not suppressing the stop
codon(s), expression of the sequence of interest without the N- and/or
C-terminal tag sequence may be accomplished. Thus, the invention allows
through recombination efficient construction of vectors containing a gene or
sequence of interest (e.g., one or more open reading frames or “orfs”) for
controlled expression of fusion proteins depending on the need. Preferably,
the starting nucleic acid molecules or product molecules of the invention
which are cloned into one or more vectors comprise at least one open reading
frame (orf). Such starting or product molecules may also comprise functional
sequences (e.g., primer sites, transcriptional or translation sites or signals,

termination sites (e.g., stop codons which may be optionally suppressed),
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origins of replication, and the like) and preferably comprises sequences that
regulate gene expression including transcriptional regulatory sequences and
sequences that function as internal ribosome entry sites (IRES). Preferably, at
least one of the starting or product molecules and/or vectors comprise
sequences that function as a promoter. Such starting or product molecules
and/or vectors may also comprise transcription termination sequences,
selectable markers, restriction enzyme recognition sites, and the like.

[0090] In some embodiments, the vector comprises two copies of the same
selectable marker, each copy flanked by recombination sites and/or
topoisomerase recognition sites. In other embodiments, the vector comprises
two different selectable markers each flanked by two recombination sites. In
some embodiments, one or more of the selectable markers may be a negative
selectable marker.

[0091] In a specific aspect, the invention provides a method of cloning
comprising providing at least a first nucleic acid molecule comprising at least
a first and a second recombination site and at least a second nucleic acid
molecule comprising at least a third and a fourth recombination site, wherein
either the first or the second recombination site is capable of recombining with
either the third or the fourth recombination site and conducting a
recombination reaction such that the two nucleic acid molecules are
recombined into one or more product nucleic acid molecules and cloning the
product nucleic acid molecules into one or more vectors. In certain such
embodiments, the recombination sites flank the first and/or second nucleic
acid molecules. Moreover, the cloning step is often accomplished by the
recombination reaction of the product molecule into a vector comprising one
or more recombination sites. In one aspect, the cloning step comprises
conducting a recombination reaction between the sites in the product nucleic
acid molecule that did not react in the first recombination reaction with a
vector having recombination sites capable of recombining with the unreacted

sites.
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[0092] In some embodiments, a recombination site and/or a topoisomerase
recognition site may be attached to a molecule of interest using conventional
conjugation technology. For example, oligonucleotides comprising the
recombination site and/or topoisomerase recognition site can be synthesized so
as to include one or more reactive functional moieties which may be the same
or different. Suitable reactive functional moieties include, but are not limited
to, amine groups, epoxy groups, vinyl groups, thiol groups and the like. The
synthesis of oligonucleotides comprising one or more reactive functional
moieties is routine in the art. Once synthesized, oligonucleotides comprising
one or more reactive functional moieties may be attached to one or more
reactive groups present on the molecule or compound of interest. The
oligonucleotides may be attached directly by reacting one or more of the
reactive functional moieties with one or more of the reactive functional
groups. In some embodiments, the attachment may be effected using a
suitable linking group capable of reacting with one or more of the reactive
functional moieties present on the oligonucleotide and with one or more of the
reactive groups present on the molecule of interest. In other embodiments,
both direct attachment and attachment through a linking group may be used.
Those skilled in the art will appreciate that the reactive functional moieties on
the oligonucleotide may be the same or different as the reactive functional
moieties on the molecules and/or compounds of interest. Suitable reagents
and techniques for conjugation of the oligonucleotide to the molecule of
interest may be found in Hermanson, Bioconjugate Techniques, Academic
Press Inc., San Diego, CA, 1996.

[0093] The invention also relates to compositions for carrying out the methods
of the invention, and kits comprising such compositions, and to compositions
created while carrying out the methods of the invention.

[0094] Compositions, methods and kits of the invention may be prepared and
carried out using a phage-lambda site-specific recombination system. Further,
such compositions, methods and kits may be prepared and carried out using

the GATEWAY™ Recombinational Cloning System and/or the TOPO®
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Cloning System and/or the pENTR Directional TOPO® Cloning System,
which are available from Invitrogen Corporation (Carlsbad, California).

{0095] In other aspects, the invention provides isolated nucleic acid molecules
comprising one or more (e.g., one, two, three, four, five, etc.) recombination
sites and/or one or more (e.g., one, two, three, four, five, etc.) topoisomerase
recognition sites. One such molecule of the invention will contain two or
more recombination sites flanking one topoisomerase recognition site.
Another such molecule of the invention will contain two or more
recombination sites and two or more topoisomerase recognition sites, wherein
each recombination site may flank a topoisomerase recognition site. Nucleic
acid molecules according to this aspect of the invention may be linear,
circular, or have any of a variety of geometries and structures, such as coiled,
supercoiled, etc. Recombination sites advantageously used in nucleic acid
molecules according to this aspect of the invention include, but are not limited
to, att sites (including, but not limited to, a#/B sites, attP sites, attL sites, attR
sites, and the like), lox sites (including, but not limited to, loxP sites, loxP511
sites, and the like), psi sites, dif sites, cer sites, fit sites, and mutants, variants,
and derivatives of these recombination sites that retain the ability to undergo
recombination. Topoisomerase recognition sites advantageously used in the
nucleic acid molecules of this aspect of the invention are preferably
recognized and bound by a type I topoisomerase (such as type IA
topoisomerases (including but not limited to E. coli topoisomerase I, E. coli
topoisomerase III, eukaryotic topoisomerase II, archeal reverse gyrase, yeast
topoisomerase III, Drosophila topoisomerase III, human topoisomerase III,
Streptococcus pneumoniae topoisomerase III, and the #raE protein of
plasmid RP4) and type IB topoisomerases (including but not limited to
eukaryotic nuclear type I topoisomerase and a poxvirus (such as that isolated
from or produced by vaccinia virus, Shope fibroma virus, ORF virus, fowlpox
virus, molluscum contagiosum virus and Amsacta moorei entomopoxvirus)),
and type II topoisomerase (including, but not limited to, bacterial gyrase,

bacterial DNA topoisomerase IV, eukaryotic DNA topoisomerase II (such as
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calf thymus type II topoisomerase), and T-even phage- encoded DNA
topoisomerase).

[0096] The invention also provides vectors (which may be expression vectors)
comprising such isolated nucleic acid molecules. Exemplary vectors
according to this aspect of the invention include, but are not limited to,
pcDNAGW-DT(sc), pENTR-DT(sc), pcDNA-DEST41, pENTR/D-TOPO,
pENTR/SD/D-TOPO, pcDNA3.2/V5/GWD-TOPO and pcDNA6.2/V5/GWD-
TOPO. The invention also provides host cells comprising such the isolated
nucleic acid molecules or vectors of the invention.

[0097] In related aspects, the invention provides in vitro methods of cloning a
nucleic acid molecule. Methods according to this aspect of the invention may
comprise one or more steps, including:

() obtaining a nucleic acid molecule to be cloned (which in certain
embodiments may be a linear molecule (and which may be blunt-ended or not)
such as a PCR product, and which may optionally comprise one or more genes
or open reading frames);

(b) mixing the nucleic acid molecule to be cloned in vitro with a
vector (which may be an expression vector) comprising at least a first
topoisomerase recognition site flanked by at least a first recombination site
and at least a second recombation site, wherein the first and second
recombination sites do not recombine with each other, and with at least one
topoisomerase; and

() incubating the mixture under conditions such that the nucleic
acid molecule to be cloned is inserted into the vector between the first and
second ‘topoisomerase recognition sites, thereby producing a first product
molecule comprising the nucleic acid molecule localized between the first and
second recombination sites. The invention further includes nucleic acid
molecules prepared by the above methods.

[0100] Methods according to this aspect of the invention may comprise one or
more additional steps, including, for example, contacting the first product

molecule with at least one vector comprising at least a third and fourth



WO 03/103600 PCT/US03/18036
-53-

recombination sites that do not recombine with each other, under conditions
favoring recombination between the first and third and between the second
and fourth recombination sites, thereby producing at least one second product
molecule. According to the invention, the first and/or second product
molecules produced by these methods may be inserted into a host cell. The
vectors used in this aspect of the invention may comprise at least one
additional nucleic acid sequence selected from the group consisting of a
selectable marker, a cloning site, a restriction site, a promoter, an operon, an
origin of replication, and a gene or partial gene (i.e., a gene fragment or
element).

[0101] Recombination sites and topoisomerase recognition sites used in the
methods of this aspect of the invention include, but are not limited to, those
described elsewhere herein. In particular methods, the second product nucleic
acid molecule and the vector are combined in the presence of at least one
recombination protein, which may be but is not limited to Cre, Int, IHF, Xis,
Fis, Hin, Gin, Cin, Tn3 resolvase, TndX, XerC, or XerD. In certain such
embodiments, the recombination protein is Cre, Int, Xis, IHF or Fis.

[0102] The invention also provides kits comprising these isolated nucleic acid
molecules of the invention, which may optionally comprise one or more
additional components selected from the group’ consisting of one or more
topoisomerases, one or more recombination proteins, one or more vectors, one
or more polypeptides having polymerase activity, and one or more host cells.

[0103] Other preferred embodiments of the invention will be apparent to one
or ordinary skill in the art in light of what is known in the art, in light of the

following drawings and description of the invention, and in light of the claims.
BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES

[0104] Figure 1 i1s a schematic representation of a basic recombinational

cloning reaction.
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[0105] Figure 2 is a schematic representation of the use of the present
invention to clone two nucleic acid segments by performing an LR
recombination reaction.

[0106] Figure 3 is a schematic representation of the use of the present
invention to clone two nucleic acid segments by joining the segments using an
LR reaction and then inserting the joined fragments into a Destination Vector
using a BP recombination reaction.

[0107] Figure 4 is a schematic representation of the use of the present
invention to clone two nucleic acid segments by performing a BP reaction
followed by an LR reaction.

[0108] Figure 5 is a schematic representation of two nucleic acid segments
having atfB sites being cloned by performing a first BP reaction to generate an
attL site on one segment and an a#R on the other followed by an LR reaction
to combine the segments. In variations of this process, P1, P2, and/or P3 can
be oligonucleotides or linear stretches of nucleotides.

[0109] Figure 6 is a schematic representation of the cloning of two nucleic
acid segments into two separate sites in a Destination Vector using an LR
reaction.

[0110] Figure 7 is a schematic representation of the cloning of two nucleic
acid segments into two separate sites in a Destination Vector using a BP
reaction.

[0111] Figures 8A and 8B depict generating a covalently finked double
stranded nucleotide sequence containing an element on each end according to
a method of the invention. "PCR" indicates polymerase chain reaction;
"TOPO" indicates topoisomerase; topoisomerase shown as circle attached to
sequence; "P1" and "P2" indicate PCR primers. Topoisomerase recognition
site is indicated in bold print.

[0112] Figures 9A-9C show the ends of PCR products representing a
cytomegalovirus promoter element ("CMV™), a green fluorescent protein
element ("GFP"), and a bovine growth hormone polyadenylation signal
("BGH") element. Primers used to construct the PCR products of Figures 9A,
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9B and 9C are indicated by an "F" number (see Figure 9D). The portion of
one or both ends including the topoisomerase recognition site (CCCTT) is
shown. Bold print indicates overhanging sequences. In Figures 9A and 9B,
one (Figure 9B) or both (Figure 9A) of the overhang sequences are
palindromic in nature. Sequences are shown in conventional orientation, with
the top strand in a 5' to 3' orientation from left to right, and the bottom strand
in a 3' to 5' orientation from left to right. Number in parentheses above or
below sequences indicates SEQ ID NOs.

[0113] Figures 10A and 10B show constructs (Figure 10A) and results
(Figure 10B) of studies examining the ability to use covalently linked ds
recombinant nucleic acid molecules that encode polypeptides for performing a
two hybrid assay. Figure 10A shows the amount of each construct used for
transfection. A "p" preceding an amount or volume of reactant indicates
plasmid form, "I" indicates linear form, and "PCR" indicates PCR
amplification reaction mixture. Figure 10B shows the level of $-galactosidase
activity ("LacZ activity") associated with each transfected sample. Increased
LacZ activity is indicative of a positive interaction.

[0114] Figures 11A to 11F represent various embodiments of the composition
and methods for generating a ds recombinant nucleic acid molecule covalently
linked in one strand. Note nicks in one or both strands of the molecules shown
in Figures 11B-11F.

[0115] Figures 12A to 12D illustrate various embodiments of compositions
and methods of the invention for generating a covalently linked
ds recombinant nucleic acid molecule. Topoisomerase is shown as a solid
circle, and is either attached to a terminus of a substrate nucleic acid molecule
or is released following a linking reaction. As illustrated, the substrate nucleic
acid molecules have 5'overhangs, although they similarly can have
3' overhangs or can be blunt ended. In addition, while the illustrated nucleic
acid molecules are shown having the topoisomerases bound thereto
(topoisomerase-charged), one or more of the termini shown as having a

topoisomerase bound thereto also can be represented as having a
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topoisomerase recognition site, in which case the joining reaction would
further require addition of one or more site specific topoisomerases, as
appropriate.

[0116] Figure 12A shows a first nucleic acid molecule having a topoisomerase '
linked to each of the 5' terminus and 3' terminus of one end, and further shows
linkage of the first nucleic acid molecule to a second nucleic acid molecule.

[0117] Figure 12B shows a first nucleic acid molecule having a topoisomerase
bound to the 3'terminus of one end, and a second nucleic acid molecule
having a topoisomerase bound to the 3' terminus of one end, and further shows
a covalently linked dsrecombinant nucleic acid molecule generated due to
contacting the ends containing the topoisomerase-charged substrate nucleic
acid molecules.

[0118] Figure 12C shows a first nucleic acid molecule having a topoisomerase
bound to the 5'terminus of one end, and a second nucleic acid molecule
having a topoisomerase bound to the 5' terminus of one end, and further shows
a covalently linked ds recombinant nucleic acid molecule generated due to
contacting the ends containing the topoisomerase-charged substrate nucleic
acid molecules.

[0119] Figure 12D shows a nucleic acid molecule having a topoisomerase
linked to each of the 5'terminus and 3'terminus of both ends, and further
shows linkage of the topoisomerase-charged nucleic acid molecule to two
nucleic acid molecules, one at each end. The topoisomerases at each of the
5' termini and/or at each of the 3' termini can be the same or different.

[0120] Figure 13 illustrates the generation of an expressible ds recombinant
nucleic acid molecule and amplification of the expressible dsrecombinant
nucleic acid molecule. The expressible ds recombinant nucleic acid molecule
is generated from three nucleic acid molecules, including a nucleotide
sequence comprising a promoter, a nucleotide sequence comprising a coding
sequence, and a nucleotide sequence comprising a polyadenylation signal.
Generation of the nucleic acid molecule can be facilitated by the incorporation

of complementary 5'and/or 3'overhanging sequences at the ends of the
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ds nucleotides sequences to be joined. The expressible ds recombinant nucleic
acid molecule is generated by contacting a first nucleic acid molecule having a
type IA topoisomerase at a 5'terminus of a first end and a type IB
topoisomerase at a 3'terminus of a second end, with a second nucleic acid
molecule and a third double stranded nucleotide sequence. The expressible
ds recombinant nucleic acid molecule is amplified using a first primer that
hybridizes to the second ds recombinant nucleic acid molecule upstream of the
promoter, and a second primer that hybridizes to the third ds recombinant
nucleic acid molecule downstream of the polyadenylation signal.

[0121] Figure 14 shows one example of a process for preparing a double
stranded nucleic acid molecule which contains a topoisomerase (e.g., a type IA
topoisomerase) bound to the 5' terminus of one end of the molecule, wherein
the same end of the molecule further comprise a 3' overhang (see (4) in this
figure).

[0122] Figure 15 shows two embodiments of the invention in which a single
stranded or double stranded DNA nucleotide sequence is joined with single
stranded RNA nucleotide sequence.

[0123] Figure 16 is a schematic demonstrating the flexibility in entry point for
PCR cloning using the TOPO-Gateway™ or standard Gateway™ cloning
methodologies.

[0124] Figure 17 is a schematic diagram of the production of expression
clones using the Gateway™ system and a directional TOPO-Gateway™

expression vector.

[0125] Figure 18 is a map of the multiple cloning site in plasmids
pcDNAGW-DT(sc) and pENTR-DT(sc).

[0126] Figure 19 is a physical map of plasmid pcDNAGW-DT.

[0127] Figure 20 is a physical map of plasmid pcDNA-DEST41.

[0128] Figure 21 is a physical map of plasmid pENTR-DT.

[0129] Figure 22 is a depiction of the physical map (Fig. 22A) showing the

TOPO cloning site in, and the nucleotide sequence (Fig. 22B) of, plasmid
pENTR/D-TOPO. The physical map depicts the adapted, supercoiled form of
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the vector, while the nucleotide sequence depicts the vector containing a start
codon and an open reading frame (atgnnnnnn...). Restriction sites are labeled
to indicate the actual cleavage site. The boxed region indicates a#fL sequences
in the entry clone that will be transferred into the destination vector following
recombination. The sequence of pPENTR/D-TOPO depicted in Figure 22B is
also available for downloading from the Invitrogen Corporation web site at

http://www.invitrogen.com./content/vectors/pentr dtopo_seq.txt.

[0130] Figure 23 is a depiction of the physical map (Fig. 23A) showing the
TOPO cloning site in, and the nucleotide sequence (Fig. 23B) of, plasmid
pENTR/SD/D-TOPO. The physical map depicts the adapted, supercoiled form
of the vector, while the nucleotide sequence depicts the vector containing a
start codon and an open reading frame (atgnnnnnn...). Restriction sites are
labeled to indicate the actual cleavage site. The boxed region indicates atfL
sequences in the entry clone that will be transferred into the destination vector
following recombination. The nucleotide sequence of pENTR/SD/D-TOPO
depicted in Figure 23B is also available for downloading from
http://www .invitrogen.com./content/vectors/pentrsd_dtopo_seq.txt.

[0131] Figure 24 is a depiction of the physical map (Fig. 24A) and the
nucleotide sequence (Fig. 24B-C) of plasmid pcDNA3.2/V5/GWD-TOPQ®.
The physical map depicts the adapted, supercoiled form of the vector, while
the n\ucleotide sequence depicts the vector containing a start codon and an
open reading frame (atgnnnnnn...).

[0132] Figure 25 is a depiction of the physical map (Fig. 25A) and the
nucleotide sequence (Fig. 25B-C) of plasmid pcDNA6.2/V5/GWD-TOPO®.
The physical map depicts the adapted, supercoiled form of the vector, while
the nucleotide sequence depicts the vector containing a start codon and an

open reading frame (atgnnnnnn...).

[0133] Figure 26 is a depiction of an exemplary adaptation strategy for
pENTR/SD-dTopo, pENTR-dTopo, and pcDNAGW-dTopo.
[0134] Figure 27 is a photograph of a Western blot analysis of HLA and CAT

expresed in COS cells. The genes encoding CAT (26 kDa) and HLA (41 kDa)
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were amplified by PCR and either Topo-cloned into pENTR-dTopo and
transferred into pcDNA-DEST40 (lanes 2 and 5, respectively), or cloned
directly into pcDNAGW-dTopo (lanes 3 and 6, respectively). These
constructs were used to transfect COS cells and the lysates probed for
recombinant VS5tagged protein by Western blot, using V5-HRP antibody
conjugate. Lanes 1 and 4 represent cells only controls.

[0135] Figure 28 is a photograph of a gel depicting HLLA and CAT expression
in E. coli. The genes encoding HLA (41 kDa) and CAT (26 kDa) were
amplified by PCR and either topo cloned into pENTR/SD-dTopo and
transferred into pET-DEST42 (lanes 3 and 6, respectively) or cloned directly
into pET101-dTopo (lanes 4 and 7, respectively). These constructs were used
to transform BL21(DE3) cells and induced to express by addition of IPTG to 1
mM for 3 hours at 37C. Cell lysates were run on a NuPage and stained with
SafeStain™. Lanes 2 and 5 represent cells uninduced cell lysates from the
respective pET-DEST42 cultures.

[0136] Figure 29 is a schematic depiction of the binding of a topoisomerase to
a recognition site near the 3' terminus of a target nucleic acid molecule. Upon
binding of the topoisomerase, the downstream sequence (3' to the cleavage
site) can dissociate, leaving a nucleic acid molecule having the topoisomerase
covalently bound to the newly generated 3' end.

[0137] Figure 30 depicts protein expression results (Western blot) for
mammalian expression cassettes that were constructed by PCR amplification
of expression elements and a gene of interest (CAT or V5) followed by a
TOPO joining reaction performed with or without secondary PCR. Protein
expression data from the expression cassette transfected into suspension
TRex-CHO cells (Figure 30A), adherent TRex-CHO cells (Figure 30B), and
adherent TRex-293 cells (Figure 30C). For the Western blot, anti-V5 or anti-
CAT antibodies were used for detection. Arrows indicate the position of the
bands corresponding to the V5 or CAT proteins.

[0138] Figure 31 is a photograph of an ethidium ‘bromide-stained agarose gel

containing PCR products showing that the Gateway-compatible cassette
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contained inserts of the expected size. The Gateway-compatible cassette was
constructed by first generating a CAT insert by PCR and then using a TOPO
joining reaction to introduce attB1 and attB2 adaptors. The purified DNA
product was inserted into pDONR 222 using a BP reaction. Following
transformation into E. coli, PCR was performed on the colonies and the PCR
product was checked on an ethidium bromide-stained agarose gel.

[0139] Figure 32 is a schematic diagram depicting the preparation of
topoisomerase-charged pENTR vectors, by charging pDONR vectors with
topoisomerase and carrying out a BxP GATEWAY cloning reaction according
to methods of the invention.

[0140] Figure 33 is a schematic diagram depicting the preparation of
topoisomerase-charged pEXP vectors, by charging pDEST vectors with
topoisomerase and carrying out an LxR GATEWAY cloning reaction, then
adding TOPO adaptors to the cut ends of the pEXP vector, according to
methods of the invention.

[0141] Figure 34 shows a schematic outline of methods of the invention. In
the first step, nucleic acid molecules to be assembled are generated using, for
example, PCR. In the second step, nucleic acid molecules of the first step are
assembled using methods of the invention (e.g., methods involving the use of
topoisomerase to covalently linking at least one strand of one nucleic acid
segments to another nucleic acid segment). In the third step, assembled
nucleic acid molecules generated in the second step either may be used
directly or may be amplified and then used. Examples of uses of the
assembled molecules are described elsewhere herein.

[0142] Figure 35 shows a schematic representation of a process for using
topoisomerase to link two nucleic acid segments, followed by single site
recombination to recombine the linked nucleic acid segment with another
nucleic acid segment. In the first step, a topoisomerase adapted nucleic acid
segment which contains an affL.1 recombination site is linked to another
nucleic acid segment, referred to here as an insert (labeled "I"), using any of

the topoisomerase mediated methods described herein for connecting nucleic
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acid molecules. The topoisomerase assembled nucleic acid segments are then
contacted with another nucleic acid segment which contains a promoter,
labeled "P", and an a#fR1 recombination site in the presence of LR CLONASE™
under conditions which allow for recombination between the two
recombination sites. Recombination results in the formation of a nucleic acid
molecule which contains the insert nucleic acid segment in operable linkage
with the promoter. Further, an a#/B1 recombination site is located between the
promoter and the insert in the end product. The recombination sites shown in
this figure are a#fL and a#/B sites, but any suitable recombination sites could
be used.

[0143] Figure 36 shows a schematic representation of a process for using
topoisomerase and recombination to recombine and/or link five separate
nucleic acid segments and circularize the resulting product. In the first step, a
topoisomerase adapted nucleic acid segment which contains azfl.1 and a#f1.2
recombination sites and a negative selection marker (labeled "NM") is linked
to another nucleic acid segment, referred to here as an insert (labeled "I"),
using any of the topoisomerase mediated methods described herein for
connecting nucleic acid molecules. The topoisomerase assembled nucleic acid
segments are then contacted with two additional nucleic acid segments, each
of which contains at least one a#R recombination site, in the presence of LR
CLONASE™ (Invitrogen Corporation, Carlsbad, CA) under conditions which
allow for recombination between the various recombination sites. In certain
such methods, for example, TOPO-adapted vectors are incubated with one or
more nucleic acid segments (e.g., one or more PCR products) at room
temperature (e.g., about 20-20°C) for about 5-30 (and preferably about 10)
minutes; the reaction is then heat-treated by incubation at about 80°C for about
20 minutes, and the reaction mixture then used in a standard LR reaction
according to manufacturer’s instructions (Invitrogen Corporation, Carlsbad
CA), except the incubation time for the LR reaction is increased to about 3
hours. The recombination reactions result in the formation of a product

molecule in which the promoter is linked to (1) the insert molecule and (2) an
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origin of replication (labeled "ori"). This product molecule is then connected
to a nucleic acid segment which is topoisomerase adapted at both termini and
contains a positive selection marker (labeled "PM"). Further, the final
topoisomerase linkage step results in the formation of a circular nucleic acid
molecule. The recombination sites shown in this figure are atfL and a#B sites,
but any suitable recombination sites could be used.

[0144] Figure 37 shows a schematic representation of a process for the
preparation of nucleic acid molecules for performing homologous
recombination. In this instance, three nucleic acid segments are connected to
each other using methods which involve topoisomerase mediated covalent
linkage of nucleic acid strands of the individual segments. Two of these
nucleic acid segments each contain a positive selection marker and two az#fL
sites which flank a negative selection marker. Thus, the nucleic acid molecule
which results from the first step contains a nucleic acid segment, referred to
here as an insert. On each side of the insert is (1) a positive selection marker
and (2) two recombination sites which flank a negative selection marker. LR
CLONASE™ catalyzed recombination in the presence of two nucleic acid
segments which contain regions that share homology to a chromosomal locus
where the nucleic acid end product is designed to integrate (labeled "HR1" and
HR2") results in the formation of the end product nucleic acid molecule
shown. As one skilled in the art would recognize, any suitable recombination
sites could be used in the process set out in this figure.

[0145] Figure 38 shows a schematic repr;asentation of the linking of four
nucleic acid segments using toposiomerase to generate a linear nucleic acid
molecule with recombination sites (labeled "L1" and "L2") located near the
termini. Upon toposiomerase mediated linkage of the nucleic acid strands, no
nicks are present at the junction points. In a second step, the topoisomerase
assembled nucleic acid segments are contacted with another nucleic acid
segment which contains an origin of replication (labeled "ori"), a positive
selection marker (labeled "PM"), an a#tR1 recombination site, and an atfR2

recombination site in the presence of LR CLONASE™ under conditions which
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allow for recombination between the recombination sites. Recombination
results in the formation of a circular nucleic acid molecule as shown. The
recombination sites shown in this figure are a#fl. and a#/B sites, but any
suitable recombination sites could be used.

[0146] Figure 39 shows a schematic representation of the linking of two
nucleic acid segments in a single step process using toposiomerase and
recombination sites to generate a circular nucleic acid molecule. One of the
nucleic acid segments contains an aftL.1 recombination site (labeled "L1"), a
promoter (labeled "P"), and toposiomerase molecule covalently linked to one
terminus. The other nucleic acid segment contains an a#fR1 recombination
site (labeled "R1"), an open reading frame (labeled "ORF"), an origin of
replication (labeled "ORI"), a positive selection marker (labeled "PM"), and
topoisomerase molecule covalently linked to one terminus. Thus, when these
two nucleic acid segments are contacted with each other in the presence of LR
CLONASE™ under conditions which allow for recombination between the a#/L
and affR recombination sites and topoisomerase mediated linkage of nucleic
acid strands, a circular molecule is formed having the structure indicated. The
recombination sites shown in this figure are affL and a#/B sites, but any
suitable recombination sites could be used.

[0147] Figure 40 shows a schematic representation of the linking of two
nucleic acid segments using toposiomerase mediated methods to generate a
circular nucleic acid molecule. This circular molecule contains an open
reading frame (labeled "ORF") positioned between a#rLl and attl2
recombination site (labeled "L1" and "L2"). The topoisomerase assembled
product then undergoes recombination with another circular molecule which
contains a#fR1 and affR2 recombination sites to generate a third circular
nucleic acid molecule which contains the open reading frame positioned
between atfB1 and atfB2 recombination sites. Further, the open reading frame
is operably linked to a promoter. The recombination sites shown in this figure

are aftlL and a#B sites, but any suitable recombination sites could be used.
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[0148] Figure 41 shows an example of a process by which two nucleic acid
segments may be covalently linked to each other in both strands at the junction
where the two nucleic acid segments are connected. As in other figures
presented herein, the "lollipop" type symbol represents a topoisomerase
molecule. Further, the arrows within the boxes represent the functional
directionality of the particular nucleic acid segment. For example, if the PCR
product is an open reading frame, then the 3' end of the coding region (i.e., the
end of the coding region which encodes the C-terminal end of the polypeptide)
would be at the point of the arrow and the 5' end would be at the other end.

[0149] Figure 42. T7 TOPO-linker. (A) Diagram of TOPO-activated T7
linker. Three oligonucleotides were annealed, incubated with TOPO, and the
diagrammed TOPO-DNA covalent complex was purified as described in
Materials and Methods. The T7 promoter is shown in bold, and the TOPO
recognition site is underlined. (B) Use of TOPO-linker to add a T7 RNA
polymerase promoter to a PCR product generated by Taq polymerase (A-
tailed).

[0150] Figure 43. FPLC purification.  (A) Chromatogram of FPLC
purification of TOPO-activated T7 linker. Ajss trace is shown in blue,
conductivity (salt concentration) in brown, and the relative concentration of
buffer B in the mixing chamber in green. The boundaries of eleven 1ml flow-
through fractions and 39- 0.2ml elution fractions are designated with broken
red lines. The Aysy trace is actually shifted approximately 3 elution fractions
to the left as determined by gel analysis (see Fig. 44A). (B) Magnified Aysq
peak showing small right shoulder corresponding to the position of free
topoisomerase (see also Fig. 44B).

[0151] Figure 44. Gel analysis of fractions. (A) EtBr-stained 10% TBE
polyacrylamide gels. Except the undigested load, all fractions were incubated
with proteinase K prior to loading. 10bp DNA ladder, annealed oligos, the
load, flow-through (F-T) fractions 2-5, and elution fractions 29-40 are shown.
(B) Coomassie-stained 4-12% Bis-Tris NuPAGE gels. The sizes of some of
the marker bands in kDa are shown. “TOPO” designates the free
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topoisomerase control lane (see Materials & Methods). Load, flow-through,
and elution fractions are labeled as in (A).

[0152] Figure 45. PCR, linking reactions, and transcription. (A-D). EtBr-
stained 1.2% agarose-TAE gels. (A,C) The 1.2kb ladder band corresponds to
25ng DNA. (A) Primary PCR reactions loaded to estimate product yields.
“T7-" indicates that the reverse primer contained a 5° T7 promoter sequence.
(B) The products of linking reactions with (“+”) or without (“-”) T7 TOPO
linker and with actin or GFP primary PCR products from (A). (C) Products
from the secondary amplification of the linking reactions in (B). The volume
loaded from each PCR reaction is indicated. “F + T” indicates that gene-
specific forward primers and T7ampl primer were used in the amplification.
“T” indicates that the T7ampl primer alone was used. Negative control (“neg
ctrl”) reactions used the mock linking reactions in (B) as templates. (D)
Products of transcription. “neg ctrl” transcriptions used the negative control
“F + T” secondary amplification products shown in (C). The “T7-”
transcriptions were performed with the “T7-" primary PCR products in (A) as
templates.

[0153] Figure 46. pUC19/actin positive control plasmid. (A) Vector map of
the positive control plasmid. The actin template sequence was cloned into
BamHI and HindIlI sites in the pUC19 polylinker as described in Materials &
Methods. (B)-(D) Photographs of ethidium bromide stained gels. (B) 6%
polyacrylamide TBE gel of linking reactions of a primary PCR product
amplified from pUC19/actin with actinF and actinR primers in the presence
(right) or absence (left) of T7 TOPO linker. (C) 1.2% agarose-TAE gel of
secondary amplification product of linked actin from (B) and the primary
product of pUC19/actin amplified with actinF and T7-actinR primers. (D)
1.2% agarose-TAE gel DNase I digested transcription reactions using the PCR

products in (C) as templates.
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DETAILED DESCRIPTION OF THE INVENTION

Definitions

[0154] In the description that follows, a number of terms used in recombinant
nucleic acid technology are utilized extensively. In order to provide a clear
and more consistent understanding of the specification and claims, including
the scope to be given such terms, the following definitions are provided.

[0155] Gene: As used herein, a gene is a nucleic acid sequence that contains
information necessary for expression of a polypeptide, protein or functional
RNA (e.g., a ribozyme, tRNA, rfRNA, mRNA, etc.). It includes the promoter
and the structural gene open reading frame sequence (orf) as well as other
sequences involved in expression of the protein.

[0156] Structural gene: As used herein, a structural gene refers to a nucleic
acid sequence that is transcribed into messenger RNA that is then translated
into a sequence of amino acids characteristic of a specific polypeptide.

[0157] Host: As used herein, a host is any prokaryotic or eukaryotic organism
that is a recipient of a replicable expression vector, cloning vector or any
nucleic acid molecule. The nucleic acid molecule may contain, but is not
limited to, a structural gene, a transcriptional regulatory sequence (such as a
promoter, enhancer, repressor, and the like) and/or an origin of replication. As
used herein, the terms "host,” "host cell," "recombinant host" and
"recombinant host cell" may be used interchangeably. For examples of such
hosts, see Maniatis et al., Molecular Cloning: A Laboratory Manual, Cold
Spring Harbor Laboratory, Cold Spring Harbor, New York (1982).

[0158] Derivative: As used herein, a "derivative" of a specified host is a
progeny of the specified host, a modified or mutated host obtained or derived
from the specified host or its progeny, or other recipient host that contains
genetic material obtained directly or indirectly from the specified host. Such a
derivative host may, for example, be formed by removing genetic material

from a specified host and subsequently introducing it into another host (i.e.,
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the progeny or other recipient host) by any conventional methodology
including, but not limited to, transformation, conjugation, electroporation,
transduction and the like. A derivative may be formed by introducing one or
more mutations or modifications into the genome or other genetic material
(e.g. vectors, plasmids, extrachromosomal elements, etc.) of a host. Such
mutations or modifications may include one or more insertion mutations,
deletion mutations and/or substitutions or various combinations thereof. The
mutations or modifications may be insertions into the genome or other genetic
material (e.g. vectors, plasmids, extrachromosomal elements, etc.) of the host.
Alternatively, the mutations may be deletions of one or more bases and/or
nucleic acid sequences from the genome or other genetic material (e.g.
vectors, plasmids, extrachromosomal elements, etc.) of the host. In some
instances, the mutations may be the alteration of one or more bases in the
genome of the host. Such modifications or mutations may also comprise
substituting one or more nucleic acid bases and/or nucleic acid molecules for
other nucleic acid molecules and/or bases. In addition, one host is a derivative
of a parent host if it contains the genome of the parent host but does not
contain some or all of the same extrachromosomal nucleic acid molecules.
Thus, a strain produced by curing some or all of the endogenous vectors from
a parent strain is a derivative of the parent strain. Derivatives of a host of the
invention may also include those hosts obtained by the addition of one or more
nucleic acid molecules into the host of interest. Nucleic acid molecules which
may be introduced into a host will be recognized by one skilled in the art and
may include, but is not limited to, vectors, plasmids, transposons,
oligonucleotides, RNA, DNA, RNA/DNA hybrids, phage sequences, virus
sequences, regardless of the form or conformation (e.g. linear, circular,
superco‘iled, single stranded, double stranded, single/double stranded hybrids
and the like). Examples of mutations or other genetic alterations which may be
incorporated into the hosts of the present invention include, but are not limited
to, mutations or alterations that create: a recA” genotype such as

recAl/recAl13 or recA deletions, a lacZ genotype that allows alpha
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complementation such as lacX74, lacZAM15 or other lacZ deletion, a protease
deficient genotype such as Alon and/or ompT’, an endonuclease minus
genotype such as endAl, a genotype suitable for M13 phage infection by
including the F’ episome, a restriction negative, modification positive
genotype such as AsdR17(rg, mK+), a restriction negative, modification
negative genotype such as hsdS20(rg’, mg’), a methylase deficient genotype
such as mcrA and/or merB and/or mrr, a genotype suitable for taking up large
plasmids such as deoR, a genotype containing suppressor mutations such as
supE and/or supF. Other suitable modifications are known to those skilled in
the art and such modifications are considered to be within the scope of the
present invention.

[0159] Transcriptional Regulatory Sequence: As used herein, transcriptional
regulatory sequence is a functional stretch of nucleotides contained on a
nucleic acid molecule, in any configuration or geometry, that acts to regulate
the transcription of one or more structural genes into messenger RNA.
Examples of transcriptional regulatory sequences include, but are not limited
to, promoters, operators, enhancers, repressors, and the like. Transcriptional
regulatory sequences may also regulate the transcription of nucleic acid
molecules which encode functional RNAs (e.g., ribozymes, tRNAs, rRNAs,
mRNAs, etc.).

[0160] Promoter: As used herein, a promoter is an example of a
transcriptional regulatory sequence, and is specifically a nucleic acid sequence
generally described as the 5'-region of a gene located proximal to the start
codon. The transcription of an adjacent nucleic acid segment is initiated at the
promoter region. A repressible promoter's rate of transcription decreases in
response to a repressing agent. An inducible promoter's rate of transcription
increases in response to an inducing agent. A constitutive promoter's rate of
transcription is not specifically regulated, though it can vary under the
influence of general metabolic conditions.

[0161] Insert: As used herein, an insert is a desire nucleic acid segment that is

a part of a larger nucleic acid molecule.
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[0162] Target Nucleic Acid Molecule: As used herein, target nucleic acid
molecule is a nucleic acid segment of interest preferably nucleic acid which is
to be acted upon using the compounds and methods of the present invention.
Such target nucleic acid molecules preferably contain one or more genes or
portions of genes.

[0163] Insert Donor: As used herein, an insert donor is one of the two
parental nucleic acid molecules (e.g. RNA or DNA) of the present invention
which carries the Insert. The Insert Donor molecule comprises the Insert
flanked on both sides with recombination sites. The Insert Donor can be linear
or circular. In one embodiment of the invention, the Insert Donor is a circular
nucleic acid molecule, optionally supercoiled, and further comprises a clonipg
vector sequence outside of the recombination signals (see Figure 1). When a
population of Inserts or population of nucleic acid segments are used to make
the Insert Donor, a population of Insert Donors result and may be used in
accordance with the invention.

[0164] Product: As used herein, a product is one the desired daughter
molecules comprising the A and D sequences which is produced after the
second recombination event during the recombinational cloning process (see
Figure 1). The Product contains the nucleic acid which was to be cloned or
subcloned. In accordance with the invention, when a population of Insert
Donors are used, the resulting population of Product molecules will contain all
or a portion of the population of Inserts of the Insert Donors and preferably
will contain a representative population of the original molecules of the Insert
Donors.

[0165] Recognition sequence: As used herein, a recognition sequence
(alternatively and equivalently referred to herein as a “recognition site”) is a
particular sequence to which a protein, chemical compound, DNA, or RNA
molecule (e.g., restriction endonuclease, a topoisomerase, a modification
methylase, or a recombinase) recognizes and binds. In the present invention, a
recognition sequence will usually refer to a recombination site (which may

alternatively be referred to as a recombinase recognition site) or a
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topoisomerase recoguition site. For example, the recognition sequence for Cre
recombinase is loxP which is a 34 base pair sequence comprised of two 13
base pair inverted repeats (serving as the recombinase binding sites) flanking
an 8 base pair core sequence. See Figure 1 of Sauer, B., Current Opinion in
Biotechnology 5:521-527 (1994). Other examples of such recognition
sequences are the attB, attP, attL, and attR sequences which are recognized by
the recombinase enzyme (Integrase. attB is an approximately 25 base pair
sequence containing two 9 base pair core-type Int binding sites and a 7 base
pair overlap region. attP is an approximately 240 base pair sequence
containing core-type Int binding sites and arm-type Int binding sites as well as
sites for auxiliary proteins integration host factor (IHF), FIS and excisionase
(Xis). See Landy, Current Opinion in Biotechnology 3:699-707 (1993). Such
sites may also be engineered according to the present invention to enhance
production of products in the methods of the invention. ~When such
engineered sites lack the P1 or H1 domains to make the recombination
reactions irreversible (e.g., attR or attP), such sites may be designated attR' or
attP' to show that the domains of these sites have been modified in some way.
Examples of topoisomerase recognitions sites include, but are not limited to,
the sequence 5'-GCAACTT-3' that is recognized by E. coli topoisomerase III
(a typel topoisomerase); the sequence 5'-(C/T)CCTT-3' which is a
topoisomerase recognition site that is bound specifically by most poxvirus
topoisomerases, including vaccinia virus DNA topoisomerase I; and others
that are known in the art as discussed elsewhere herein.

[0166] Recombination proteins: As used herein, recombination proteins
include excisive or integrative proteins, enzymes, co-factors or associated
proteins that are involved in recombination reactions involving one or more
recombination sites, which may be wild-type proteins (See Landy, Current
Opinion in Biotechnology 3:699-707 (1993)), or mutants, derivatives (e.g.,
fusion proteins containing the recombination protein sequences or fragments

thereof), fragments, and variants thereof.
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[0167] Recombination site: A used herein, a recombination site is a
recognition sequence on a nucleic acid molecule participating in an
integration/recombination reaction by recombination proteins. Recombination
sites are discrete sections or segments of nucleic acid on the participating
nucleic acid molecules that are recognized and bound by a site-specific
recombination protein during the initial stages of integration or recombination.
For example, the recombination site for Cre recombinase is loxP which is a 34
base pair sequence comprised of two 13 base pair inverted repeats (serving as
the recombinase binding sites) flanking an 8 base pair core sequence. See
Figure 1 of Sauer, B., Curr. Opin. Biotech. 5:521-527 (1994). Other examples
of recognition sequences include the attB, attP, attl, and attR sequences
described herein, and mutants, fragments, variants and derivatives thereof,
which are recognized by the recombination protein ( Int and by the auxiliary
proteins integration host factor (IHF), FIS and excisionase (Xis). See Landy,
Curr. Opin. Biotech. 3:699-707 (1993).

[0168] Recombinational Cloning: As used herein, recombinational cloning is
a method, such as that described in U.S. Patent Nos. 5,888,732, 6,143,557,
6,171,861, 6,270,969, and 6,277,608 (the contents of which are fully
incorporated herein by reference), and as also described herein, whereby
segments of nucleic acid molecules or populations of such molecules are
exchanged, inserted, replaced, substituted or modified, in vitro or in vivo.
Preferably, such cloning method is an in vitro method.

[0169] Repression cassette: As used herein, repression cassette is a nucleic
acid segment that contains a repressor or a Selectable marker present in the
subcloning vector.

[0170] Selectable marker: As used herein, selectable marker is a nucleic acid
segment that allows one to select for or against a molecule (e.g., a replicon) or
a cell that contains it, often under particular conditions. These markers can
encode an activity, such as, but not limited to, production of RNA, peptide, or
protein, or can provide a binding site for RNA, peptides, proteins, inorganic

and organic compounds or compositions and the like. Examples of selectable
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markers include but are not limited to: (1) nucleic acid segments that encode
products wﬂich provide resistance against otherwise toxic compounds (e.g.,
antibiotics); (2) nucleic acid segments that encode products which are
otherwise lacking in the recipient cell (e.g., tRNA genes, auxotrophic
markers); (3) nucleic acid segments that encode products which suppress the
activity of a gene product; (4) nucleic acid segments that encode products
which can be readily identified (e.g., phenotypic markers such as
(-galactosidase, green fluorescent protein (GFP), and cell surface proteins); (5)
nucleic acid segments that bind products which are otherwise detrimental to
cell survival and/or function; (6) nucleic acid segments that otherwise inhibit
the activity of any of the nucleic acid segments described in Nos. 1-5 above
(e.g., antisense oligonucleotides); (7) nucleic acid segments that bind products
that modify a substrate (e.g. restriction endonucleases); (8)nucleic acid
segments that can be used to isolate or identify a desired molecule (e.g.
specific protein binding sites); (9) nucleic acid segments that encode a specific
nucleotide sequence which can be otherwise non-functional (e.g., for PCR
amplification of subpopulations of molecules); (10) nucleic acid segments,
which when absent, directly or indirectly confer resistance or sensitivity to
particular compounds; and/or (11) nucleic acid segments that encode products
which are toxic in recipient cells.

[0171] Selection scheme: As used herein, selection scheme is any method
which allows selection, enrichment, or identification of a desired Product or
Product(s) from a mixture containing an Entry Clone or Vector, a Destination
Vector, a Donor Vector, an Expression Clone or Vector, any intermediates
(e.g. a Cointegrate or a replicon), and/or Byproducts. The selection schemes
of one preferred embodiment have at least two components that are either
linked or unlinked during recombinational cloning. One component is a
Selectable marker. The other component controls the expression in vitro or in
vivo of the Selectable marker, or survival of the cell (or the nucleic acid
molecule, e.g., a replicon) harboring the plasmid carrying the Selectable

marker. Generally, this controlling element will be a repressor or inducer of
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the Selectable marker, but other means for controlling expression or activity of
the Selectable marker can be used. Whether a repressor or activator is used
will depend on whether the marker is for a positive or negative selection, and
the exact arrangement of the various nucleic acid segments, as will be readily
apparent to those skilled in the art. In some preferred embodiments, the
selection scheme results in selection of or enrichment for only one or more
desired Products. As defined herein, selecting for a nucleic acid molecule
includes (a) selecting or enriching for the presence of the desired nucleic acid
molecule, and (b) selecting or enriching against the presence of nucleic acid
molecules that are not the desired nucleic acid molecule.

[0172] In one embodiment, the selection schemes (which can be carried out in
reverse) will take one of three forms, which will be discussed in terms of
Figure 1. The first, exemplified herein with a Selectable marker and a
repressor therefore, selects for molecules having segment D and lacking
segment C. The second selects against molecules having segment C and for
molecules having segment D. Possible embodiments of the second form
would have a nucleic acid segment carrying a gene toxic to cells into which
the 1n vitro reaction products are to be introduced. A toxic gene can be a
nucleic acid that is expressed as a toxic gene product (a toxic protein or RNA),
or can be toxic in and of itself. (In the latter case, the toxic gene is understood
to carry its classical definition of "heritable trait".) \

[0173] Examples of such toxic gene products are well known in the art, and
include, but are not limited to, restriction endonucleases (e.g., Dpnl),
apoptosis-related genes (e.g. ASK1 or members of the bcl-2/ced-9 family),
retroviral genes including those of the human immunodeficiency virus (HIV),
defensins such as NP-1, inverted repeats or paired palindromic nucleic acid
sequences, bacteriophage lytic genes such as those from (X174 or
bacteriophage T4; antibiotic sensitivity genes such as rpsL, antimicrobial
sensitivity genes such as pheS, plasmid killer genes, eukaryotic transcriptional
vector genes that produce a gene product toxic to bacteria, such as GATA-1,

and genes that kill hosts in the absence of a suppressing function, e.g., kicB,
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ccdB, (X174 E (Liu, Q. et al., Curr. Biol. 8:1300-1309 (1998)), and other
genes that negatively affect replicon stability and/or replication. A toxic gene
can alternatively be selectable in vitro, e.g., a restriction site.

[0174] Many genes coding for restriction endonucleases operably linked to
inducible promoters are known, and may be used in the present invention.
See, e.g. U.S. Patent Nos. 4,960,707 (Dpnl and DpnlI); 5,000,333, 5,082,784
and 5,192,675 (Kpnl); 5,147,800 (NgoAIIl and NgoAl); 5,179,015 (FspI and
Haelll): 5,200,333 (Haell and Taql); 5,248,605 (Hpall); 5,312,746°Clal);
5,231,021 and 5,304,480 (Xhol and XhoIl); 5,334,526 (Alul); 5,470,740
(Nsil); 5,534,428 (Sstl/Sacl); 5,202,248 (Ncol); 5,139,942 (Ndel); and
5,098,839 (PacI). See also Wilson, G.G., Nucl. Acids Res. 19:2539-2566
(1991); and Lunnen, K.D., et al., Gene 74:25-32 (1988).

[0175] In the second form, segment D carries a Selectable marker. The toxic
gene would eliminate transformants harboring the Vector Donor, Cointegrate,
and Byproduct molecules, while the Selectable marker can be used to select
for cells containing the Product and against cells harboring only the Insert
Donor.

[0176] The third form selects for cells that have both segments A and D in cis
on the same molecule, but not for cells that have both segments in trans on
different molecules. This could be embodied by a Selectable marker that is
split into two inactive fragments, one each on segments A and D.

[0177] The fragments are so arranged relative to the recombination sites that
when the segments are brought together by the recombination event, they
reconstitute a functional Selectable marker. For example, the recombinational
event can link a promoter with a structural nucleic acid molecule (e.g., a
gene), can link two fragments of a structural nucleic acid molecule, or can link
nucleic acid molecules that encode a heterodimeric gene product needed for
survival, or can link portions of a replicon.

[0178] Site-specific recombinase: As used herein, a site specific recombinase
is a type of recombinase which typically has at least the following four

activities (or combinations thereof): (1) recognition of one or two specific
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nucleic acid sequences; (2) cleavage of said sequence or sequences; (3)
topoisomerase activity involved in strand exchange; and (4) ligase activity to
reseal the cleaved strands of nucleic acid. See Sauer, B., Current Opinions in
Biotechnology 5:521-527 (1994). Conservative site-specific recombination is
distinguished from homologous recombination and transposition by a high
degree of specificity for both partners. The strand exchange mechanism
involves the cleavage and rejoining of specific nucleic acid sequences in the
absence of DNA synthesis (Landy, A. (1989) Ann. Rev. Biochem.
58:913-949).

[0179] Vector: As used herein, a vector is a nucleic acid molecule (preferably
DNA) that provides a useful biological or biochemical property to an Insert.
Examples include plasmids, phages, autonomously replicating sequences
(ARS), centromeres, and other sequences which are able to replicate or be
replicated in vitro or in a host cell, or to convey a desired nucleic acid segment
to a desired location within a host cell. A Vector can have one or more
restriction endonuclease recognition sites at which the sequences can be cut in
a determinable fashion without loss of an essential biological function of the
vector, and into which a nucleic acid fragment can be spliced in order to bring
about its replication and cloning. Vectors can further provide primer sites,
e.g., for PCR, transcriptional and/or translational initiation and/or regulation
sites, recombinational signals, replicons, Selectable markers, etc. Clearly,
methods of inserting a desired nucleic acid fragment which do not require the
use of recombination, transpositions or restriction enzymes (such as, but not
limited to, UDG cloning of PCR fragments (U.S. Patent No. 5,334,575,
entirely incorporated herein by reference), TA Cloning® brand PCR cloning
(Invitrogen Corporation, Carlsbad, CA) (also known as direct ligation
cloning), and the like) can also be applied to clone a fragment into a cloning
vector to be used according to the present invention. The cloning vector can
further contain one or more selectable markers suitable for use in the

identification of cells transformed with the cloning vector.
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[0180] Subcloning vector: As used herein, a subcloning vector is a cloning
vector comprising a circular or linear nucleic acid molecule which includes
preferably an appropriate replicon. In the present invention, the subcloning
vector (segment D in Figure 1) can also contain functional and/or regulatory
elements that are desired to be incorporated into the final product to act upon
or with the cloned nucleic acid Insert (segment A in Figure 1). The
subcloning vector can also contain a Selectable marker (preferably DNA).

[0181] Vector Donor: As used herein, a Vector Donor is one of the two
parental nucleic acid molecules (e.g. RNA or DNA) of the present invention
which carries the nucleic acid segments comprising the nucleic acid vector
which is to become part of the desired Product. The Vector Donor comprises
a subcloning vector D (or it can be called the cloning vector if the Insert
Donor does not already contain a cloning vector) and a segment C flanked by
recombination sites (see Figure 1). Segments C and/or D can contain elements
that contribute to selection for the desired Product daughter molecule, as
described above for selection schemes. The recombination signals can be the
same or different, and can be acted upon by the same or different
recombinases. In addition, the Vector Donor can be linear or circular.

[0182] Primer: As used herein, a primer is a single stranded or double
stranded oligonucleotide that is extended by covalent bonding of nucleotide
monomers during amplification or polymerization of a nucleic acid molecule
(e.g. a DNA molecule). In one aspect, the primer may be a sequencing primer
(for example, a universal sequencing primer). In another aspect, the primer
may comprise a recombination site or portion thereof.

[0183] Template: As used herein, a template is a double stranded or single
stranded nucleic acid molecule which is to be amplified, synthesized or
sequenced. In the case of a double-stranded DNA molecule, denaturation of
its strands to form a first and a second strand is preferably performed before
these molecules may be amplified, synthesized or sequenced, or the double
stranded molecule may be used directly as a template. For single stranded

templates, a primer complementary to at least a portion of the template is
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hybridized under appropriate conditions and one or more polypeptides having
polymerase activity (e.g. DNA polymerases and/or reverse transcriptases) may
then synthesize a molecule complementary to all or a portion of the template.
Alternatively, for double stranded templates, one or more transcriptional
regulatory sequences (e.g., one or more promoters) may be used in
combination with one or more polymerases to make nucleic acid molecules
complementary to all or a portion of the template. The newly synthesized
molecule, according to the invention, may be of equal or shorter length
compared to the original template. Mismatch incorporation or strand slippage
during the synthesis or extension of the newly synthesized molecule may
result in one or a number of mismatched base pairs. Thus, the synthesized
molecule need not be exactly complementary to the template. Additionally, a
population of nucleic acid templates may be used during synthesis or
amplification to produce a population of nucleic acid molecules typically
representative of the original template population.

[0184] Incorporating: As used herein, incorporating means becoming a part
of a nucleic acid (e.g., DNA) molecule or primer.

[0185] Library: As used herein, a library is a collection of nucleic acid
molecules (circular or linear). In one embodiment, a library may comprise a
plurality (i.e., two or more) of nucleic acid molecules, which may or may not
be from a common source organism, organ, tissue, or cell. In another
embodiment, a library is representative of all or a portion or a significant
portion of the nucleic acid content of an organism (a "genomic" library), or a
set of nucleic acid molecules representative of all or a portion or a significant
portion of the expressed nucleic acid molecules (a cDNA library or segments
derived therefrom) in a cell, tissue, organ or organism. A library may also
comprise random sequences made by de novo synthesis, mutagenesis of one or
more sequences and the like. Such libraries may or may not be contained in
one or more vectors.

[0186] Amplification: As used herein, amplification is any in vitro method for

increasing a number of copies of a nucleotide sequence with the use of one or



WO 03/103600 PCT/US03/18036

-78 -

more polypeptides having polymerase activity (e.g., one or more nucleic acid
polymerases or one or more reverse transcriptases). Nucleic acid
amplification results in the incorporation of nucleotides into a DNA and/or
RNA molecule or primer thereby forming a new nucleic acid molecule
complementary to a template. The formed nucleic acid molecule and its
template can be used as templates to synthesize additional nucleic acid
molecules. As used herein, one amplification reaction may consist of many
rounds of nucleic acid replication. DNA amplification reactions include, for
example, polymerase chain reaction (PCR). One PCR reaction may consist of
5 t0100 cycles of denaturation and synthesis of a DNA molecule.

[0187] Nucleotide: As used herein, a nucleotide is a base-sugar-phosphate
combination. Nucleotides are monomeric units of a nucleic acid molecule
(DNA and RNA). The term nucleotide includes ribonucleoside triphosphates
ATP, UTP, CTG, GTP and deoxyribonucleoside triphosphates such as dATP,
dCTP, dITP, dUTP, dGTP, dTTP, or derivatives thereof. Such derivatives
include, for example, [S]JdATP, 7-deaza-dGTP and 7-deaza-dATP. The term
nucleotide as used herein also refers to dideoxyribonucleoside triphosphates
(ddNTPs) and their derivatives. Nlustrated  examples  of
dideoxyribonucleoside triphosphates include, but are not limited to, ddATP,
ddCTP, ddGTP, ddITP, and ddTTP. According to the present invention, a
"nucleotide" may be unlabeled or detectably labeled by well known
techniques. Detectable labels include, for example, radioactive isotopes,
fluorescent labels, chemiluminescent labels, bioluminescent labels and
enzyme labels.

[0188] Nucleic acid molecule: As used herein, a nucleic acid molecule is a
sequence of contiguous nucleotides (riboNTPs, dNTPs or ddNTPs, or
combinations thereof) of any length, which may encode a full-length
polypeptide or a fragment of any length thereof, or which may be non-coding.
As used herein, the terms "nucleic acid molecule" and "polynucleotide" may

be used interchangeably.
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[0189] Oligonucleotide: As used herein, an oligonucleotide is a synthetic or
natural molecule comprising a covalently linked sequence of nucleotides
which are joined by a phosphodiester bond between the 3' position of the
pentose of one nucleotide and the 5' position of the pentose of the adjacent
nucleotide.

[0190] Polypeptide: ~ As used herein, a polypeptide is a sequence of
contiguous amino acids, of any length. As used herein, the terms "peptide,”
"oligopeptide," or "protein" may be used interchangeably with the term
"polypeptide.”

[0191] Hybridization: As used herein, the terms hybridization and hybridizing
refer to base pairing of two complementary single-stranded nucleic acid
molecules (RNA and/or DNA) to give a double stranded molecule. As used
herein, two nucleic acid molecules may be hybridized, although the base
pairing is not completely complementary. Accordingly, mismatched bases do
not prevent hybridization of two nucleic acid molecules provided that
appropriate conditions, well known in the art, are used. In some aspects,
hybridization is said to be under "stringent conditions." By "stringent
conditions" as used herein is meant overnight incubation at 42°C in a solution
comprising: 50% formamide, 5x SSC (150 mM NaCl, 15mM trisodium
citrate), 50 mM sodium phosphate (pH 7.6), 5x Denhardt's solution, 10%
dextran sulfate, and 20 g/ml denatured, sheared salmon sperm DNA, followed
by washing the filters in 0.1x SSC at about 65°C.

[0192] Other terms used in the fields of recombinant nucleic acid technology
and molecular and cell biology as used herein will be generally understood by

one of ordinary skill in the applicable arts.

Overview

[0193] The present invention relates to methods, compositions and kits for the
recombinational and/or topoisomerase-mediated joining of two or more

segments or molecules of nucleic acid or other molecules and/or compounds
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(or combinations thereof). The invention also relates to attaching such linked
nucleic acids or other molecules and/or compounds to one or more supports or
structures preferably through recombination sites (which may include
recombination protein recognition sequences, topoisomerase recognition
sequences, etc.) or portions thereof. Thus, the invention generally relates to
linking any number of nucleic acids or other molecules and/or compounds via
nucleic acid linkers comprising one or more topoisomerase recognition sites
and/or one or more recombination sites or portions thereof. The linked
products produced by the invention may comprise any number of the same or
different nucleic acids or other molecules and/or compounds, depending on
the starting materials. Such starting materials inlcude, but are not limited to,
any nucleic acids (or derivatives thereof such as peptide nucleic acids
(PNAs)), chemical compounds, detectably labeled molecules (such as
fluorescent molecules and chemiluminescent molecules), drugs, peptides or
protesins, lipids, carbohydrates and other molecules and/or compounds
comprising one or more recombination sites or portions thereof. Through
recombination of such recombination sites and/or topoisomerase-mediated
joining reactions according to the invention, any number or combination of
such starting molecules and/or compounds can be linked to make linked
products of the invention. In addition, deletion or replacement of certain
portions or components of the linked products of the invention can be
accomplished by recombination.

[0194] In some embodiments, the joined segments may be inserted into a
different nucleic acid molecule such as vectors, such as by recombinational
cloning methods and/or topoisomerase-mediated joining methods of the
invention. Thus, in some embodiments, the present invention relates to the
construction of nucleic acid molecules (RNA or DNA) by combining two or
more segments of nucleic acid by a recombination reaction and/or a
topoisomerase-mediated joining reaction and inserting the joined two or more
segments into a vector by recombinational cloning. In embodiments where the

joined nucleic acid molecules are to be further combined with an additional
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nucleic acid molecule by a recombination reaction, the timing of the two
recombination events, i.e. the joining of the segments and the insertion of the
segments into a vector, is not critical. That is to say, it is not critical to the
present invention whether the two or more nucleic acid segments are joined
together before insertion into the vector or whether, for example, one
recombination site on each segment first reacts with a recombination site on
the vector and subsequently the recombination sites on the nucleic acid
segments react with each other to join the segments. Moreover, the nucleic
acid segments can be cloned in any one or a number of positions within the
vector and do not need to be inserted adjacent to each other, although, in some
embodiments, joining of two or more of such segments within the vector is
preferred. In accordance with the invention, recombinational cloning allows
efficient selection and identification of molecules (particularly vectors)
containing the combined nucleic acid segments. Thus, two or more nucleic
acid segments of interest can be combined and, optionally, inserted into a
single vector suitable for further manipulation of the combined nucleic acid
molecule.

[0195] In additional embodiments, at least two (e.g., 2, 3, 4, 5, 6, 7, 8, etc.)
nucleic acid segments, each comprising at least one (e.g., 1, 2, 3,4, 5,6, 7, 8,
etc.) recombination site and optionally with at least one (e.g., 1,2, 3,4,5,6, 7,
8, etc.) topoisomerase recognition site, are contacted with suitable
recombination proteins and/or with topoisomerase to effect the joining all or a
portion of the two molecules, depending on the position of the recombination
sites in the molecules. In certain such embodiments, such as in nucleic acid
molecules comprising at least two recombination sites, at least one of the two
recombination sites flanks each end of a topoisomeraée recognitino site in the
molecule. By a recombination site (or a topoisomerase recognition site) that
“flanks” another recognition site (e.g., another recombination site or
topoisomerase recognition site) is meant that the two sites are within about 20
nucleotides of each other, or within about 20, 19, 18, 17, 16, 15, 14, 13, 12,
11, 10,9,8,7,6, 5,4, 3, 2, 1 or 0 nucleotides of each other. Each individual
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nucleic acid segment may comprise a variety of sequences including, but not
limited to sequences suitable for use as primer sites (e.g., sequences for which
a primer such as a sequencing primer or amplification primer may hybridize to
initiate nucleic acid synthesis, amplification or sequencing), transcription or
translation signals or regulatory sequences such as promoters, ribosomal
binding sites, Kozak sequences, and start codons, termination signals such as
stop codons, origins of replication, recombination sites (or portions thereof),
topoisomerase recognition sites (or portions thereof), selectable markers, and
genes or portions of genes to create protein fusions (e.g., N-terminal or
carboxy terminal) such as GST, GUS, GFP, 6 histidines, epitopes haptens and
the like and combinations thereof. The vectors used for cloning such
segments may also comprise these functional sequences (e.g., promoters,
primer sites etc.). After combination of the segments comprising such
sequences and optimally the cloning of the sequences into one or more
vectors, the molecules may be manipulated in a variety of ways including
sequencing or amplification of the target sequence (i.e., by using at least one
or the primer sites introduced by the integration sequence), mutation of the
target sequence (i.e., by insertion, delétion or substitution in or on the target
sequences), and protein expression from the target sequence or portions
thereof (i.e., by expression of translation and/or transcription signals contained
by the segments and/or vectors).

[0196] The present invention also relates to the generation of combinatorial
libraries using the recombinational cloning methods disclosed. Thus, one or
more of the nucleic acid segments joined may comprise a nucleic acid library.
Such a library may comprise, for example, nucleic acid sequences
corresponding to permutations of a sequence coding for a peptide, polypeptide
or protein sequence. The permutations can be joined to another nucleic acid
segment consisting of a single sequence or, alternatively, the second nucleic
acid segment may also be a library corresponding to permutation of another
peptide, polypeptide or protein sequence such that joining of the two segments

may produce a library representing all possible combinations of all the
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permutations of the two peptide, polypeptide or proteins sequences.
Numerous examples of the use of combinatorial libraries are known in the art.
See, for example, Waterhouse, et al., Nucleic Acids Research, 1993, Vol. 21,
No. 9, 2265-2266, Tsurushita, et al., Gene, 1996, Vol. 172 No. 1, 59-63,
Persson, Int Rev Immunol 1993 10:2-3 153-63, Chanock, et al., Infect Agents
Dis 1993 Jun 2:3 118-31, Burioni, et al., Res Virol 1997 Mar-Apr 148:2
161-4, Leung, Thromb Haemost 1995 Jul 74:1 373-6, Sandhu, Crit Rev
Biotechnol 1992 12:5-6 437-62 and United States patents 5,733,743,
5,871,907 and 5,858,657 all of which are specifically incorporated herein by

reference.

Recombination Sites

[0197] Recombination sites for use in the invention may be any nucleic acid
sequence that can serve as a substrate in a recombination reaction. Such
recombination sites may be wild-type or naturally occurring recombination
sites or modified or mutant recombination sites. Examples of recombination
sites for use in the invention include, but are not limited to, phage-lambda
recombination sites (such as attP, attB, attl, and attR and mutants or
derivatives thereof) and recombination sites from other bacteriophage such as
phi80, P22, P2, 186, P4 and P1 (including lox sites such as loxP and loxP511).
Novel mutated att sites (e. g., attB 1-10, attP 1-10, attR 1-10 and attL 1-10) are
described in previous patent application serial number 60/136,744, filed May
28, 1999, which is specifically incorporated herein by reference. Other
recombination sites having unique specificity (i.e., a first site will recombine
with its corresponding site and will not recombine with a second site having a
different specificity) are known to those skilled in the art and may be used to
practice the present invention. Other suitable recombination proteins and
mutant, modified, variant, or derivative recombination sites for use in the
invention include those described in U.S. Patent Nos. 5,888,732, 6,143,557,
6,171,861, 6,270,969, and 6,277,608 and in U.S. application no. 09/438,358
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(filed November 12, 1999), based upon United States provisional application
no. 60/108,324 (filed November 13, 1998). Mutated att sites (e.g., a#fB 1-10,
attP 1-10, atfR 1-10 and a#fL. 1-10) are described in United States provisional
patent application numbers 60/122,389, filed March 2, 1999, 60/126,049, filed
March 23, 1999, 60/169,983, filed December 10, 1999, and 60/188,000, filed
March 9, 2000, and in United States application numbers 09/517,466, filed
March 2, 2000, and 09/732,914, filed December 11, 2000 (published as
20020007051-A1) the disclosures of which are specifically incorporated
herein by reference in their entirety. Other suitable recombination sites and
proteins are those associated with the GATEWAY™ Cloning Technology
available from Invitrogen Corporation, Carlsbad, CA, and described in the
product literature of the GATEWAY™ Cloning Technology, the entire
disclosures of all of which are specifically incorporated herein by reference in
their entireties.

[0198] Sites that may be used in the present invention include att sites. The
15 bp core region of the wildtype att site (GCTTTTTTAT ACTAA (SEQ ID
NO:)), which is identical in all wildtype att sites, may be mutated in one or
more positions. The inventors have determined that a# sites that specifically
recombine with other att sites can be constructed by altering nucleotides in
and near the 7 base pair overlap region, bases 6-12 of the core region. Thus,
recombination sites suitable for use in the methods, compositions, and vectors
of the invention include,-but are not limited to, those with insertions, deletions
or substitutions of one, two, three, four, or more nucleotide bases within the 15
base pair core region (see U.S. Application Nos. 08/663,002, filed June 7,
1996 (now U.S. Patent No. 5,888,732) and 09/177,387, filed October 23,
1998, which describes the core region in further detail, and the disclosures of
which are incorporated herein by reference in their entireties). Recombination
sites suitable for use in the methods, compositions, and vectors of the
invention also include those with insertions, deletions or substitutions of one,
two, three, four, or more nucleotide bases within the 15 base pair core region

that are at least 50% identical, at least 55% identical, at least 60% identical, at
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least 65% identical, at least 70% identical, at least 75% identical, at least 80%
identical, at least 85% identical, at least 90% identical, or at least 95%
identical to this 15 base pair core region.

[0199] Analogously, the core regions in a#tBl, a#fP1, atfLl and atfR1 are
identical to one another, as are the core regions in a#tB2, atfP2, atfl.2 and
atfR2. Nucleic acid molecules suitable for use with the invention also include
those comprising insertions, deletions or substitutions of one, two, three, four,
or more nucleotides within the seven base pair overlap region (TTTATAC,
bases 6-12 in the core region). The overlap region is defined by the cut sites
for the integrase protein and is the region where strand exchange takes place.
Examples of such mutants, fragments, variants and derivatives include, but are
not limited to, nucleic acid molecules in which (1) the thymine at position 1 of
the seven bp overlap region has been deleted or substituted with a guanine,
cytosine, or adenine; (2) the thymine at position 2 of the seven bp overlap
region has been deleted or substituted with a guanine, cytosine, or adenine;
(3) the thymine at position 3 of the seven bp overlap region has been deleted
or substituted with a guanine, cytosine, or adenine; (4) the adenine at position
4 of the seven bp overlap region has been deleted or substituted with a
guanine, cytosine, or thymine; (5) the thymine at position 5 of the seven bp
overlap region has been deleted or substituted with a guanine, cytosine, or
adenine; (6) the adenine at position 6 of the seven bp overlap region has been
deleted or substituted with a guanine, cytosine, or thymine; and (7) the
cytosine at position 7 of the seven bp overlap region has been deleted or
substituted with a guanine, thymine, or adenine; or any combination of one or
more such deletions and/or substitutions within this seven bp overlap region.
The nucleotide sequences of the above described seven base pair core regions
are set out below in Table 1.

[0200] Altered att sites have been constructed that demonstrate that
(1) substitutions made within the first three positions of the seven base pair
overlap (TTTATAC) strongly affect the specificity of recombination,
(2) substitutions made in the last four positions (TTTATAC) only partially
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alter recombination specificity, and (3) nucleotide substitutions outside of the
seven bp overlap, but elsewhere within the 15 base pair core region, do not
affect specificity of recombination but do influence the efficiency of
recombination. Thus, nucleic acid molecules and methods of the invention
include those comprising or employing one, two, 'three, four, five, six, eight,
ten, or more recombination sites which affect recombination specificity,
particularly one or more (e.g., one, two, three, four, five, six, eight, ten,
twenty, thirty, forty, fifty, etc.) different recombination sites that may
correspond substantially to the seven base pair overlap within the 15 base pair
core region, having one or more mutations that affect recombination
specificity. Particularly preferred such molecules may comprise a consensus
sequence such as NNNATAC wherein "N" refers to any nucleotide (i.e., may
be A, G, T/U or C). Preferably, if one of the first three nucleotides in the
consensus sequence is a T/U, then at least one of the other two of the first
three nucleotides is not a T/U.

[0201] The core sequence of each ar site (a#fB, attP, at{L and atfR) can be
divided into functional units consisting of integrase binding sites, integrase
cleavage sites and sequences that determine specificity.  Specificity
determinants are defined by the first three positions following the integrase top
strand cleavage site. These three positions are shown with underlining in the
following reference sequence: CAACTTTITTATAC AAAGTTG (SEQ ID
NO: ). Modification of these three positions (64 possible combinations) can
be used to generate atf sites that recombine with high specificity with other az
sites having the same sequence for the first three nucleotides of the seven base
pair overlap region. The possible combinations of first three nucleotides of

the overlap region are shown in Table 1.

Table 1. Modifications of the First Three Nucleotides of the a#f Site Seven
Base Pair Overlap Region that Alter Recombination Specificity.

AAA CAA GAA TAA
AAC CAC GAC TAC
CAG GAG TAG

AAG CAT GAT TAT
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AAT CCA GCA TCA
ACA CCC GCC TCC
ACC CCG GCG TCG
ACG CCT GCT TCT
ACT CGA GGA TGA
AGA CGC GGC TGC
AGC CGG GGG | TGG
AGG CGT GGT TGT
AGT CTA GTA TTA
ATA CTC GTC TTC
ATC CTG GTG TTG
ATG CTT GTT TTT
ATT
[0202] Representative examples of seven base pair a#t site overlap regions

suitable for in methods, compositions and vectors of the invention are shown
in Table 2. The invention further includes nucleic acid molecules comprising
one or more (e.g., one, two, three, four, five, six, eight, ten, twenty, thirty,
forty, fifty, etc.) nucleotides sequences set out in Table 2. Thus, for example,
in one aspect, the invention provides nucleic acid molecules comprising the

nucleotide sequence GAAATAC, GATATAC, ACAATAC, or TGCATAC.

Table 2. Representative Examples of Seven Base Pair att Site Overlap
Regions Suitable for use in the recombination sites of the Invention.

AAAATAC CAAATAC GAAATAC TAAATAC
AACATAC CACATAC GACATAC TACATAC
AAGATAC CAGATAC GAGATAC TAGATAC
AATATAC CATATAC GATATAC TATATAC
ACAATAC CCAATAC GCAATAC TCAATAC
ACCATAC CCCATAC GCCATAC TCCATAC
ACGATAC CCGATAC GCGATAC TCGATAC
ACTATAC CCTATAC GCTATAC TCTATAC
AGAATAC CGAATAC GGAATAC TGAATAC
AGCATAC CGCATAC GGCATAC TGCATAC
AGGATAC CGGATAC GGGATAC TGGATAC
AGTATAC CGTATAC GGTATAC TGTATAC
ATAATAC CTAATAC GTAATAC TTAATAC
ATCATAC CTCATAC GTCATAC TTCATAC
ATGATAC CTGATAC GTGATAC TTGATAC
ATTATAC CTTATAC GTTATAC TTTATAC
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[0203] As noted above, alterations of nucleotides located 3' to the three base
pair region discussed above can also affect recombination specificity. For
example, alterations within the last four positions of the seven base pair
overlap can also affect recombination specificity.

[0204] For example, mutated att sites that may be used in the practice of the
present invention include attBl (AGCCTGCTTT TTTGTACAAA CTTGT
(SEQ ID NO: )), attP1 (TACAGGTCAC TAATACCATC TAAGTAGTTG
ATTCATAGTG  ACTGGATATG TTGTGTITTITA CAGTATTATG
TAGTCTGTTT  TTTATGCAAA  ATCTAATTTA  ATATATTGAT
ATTTATATCA  TTTTACGTTT CTCGTTCAGC  TTTTTTGTAC
AAAGTTGGCA TTATAAAAAA GCATTGCTCA TCAATTTGTT
GCAACGAACA GGTCACTATC AGTCAAAATA AAATCATTAT
TTG (SEQ ID NO: )), attLl (CAAATAATGA TITTATTTTIG
ACTGATAGTG ACCTGTTCGT TGCAACAAAT TGATAAGCAA
TGCTTTTTTA TAATGCCAAC TTTGTACAAA AAAGCAGGCT (SEQ ID
NO: )), and attRl (ACAAGTTTGT ACAAAAAAGC TGAACGAGAA
ACGTAAAATG ATATAAATAT CAATATATTA AATTAGATTT
TGCATAAAAA ACAGACTACA TAATACTGTA AAACACAACA
TATCCAGTCA CTATG (SEQ ID NO: )). Table 3 provides the sequences of
the regions surrounding the core region for the wild type att sites (attB0, PO,
RO, and LO) as well as a variety of other suitable recombination sites. Those
skilled in the art will appreciated that the remainder of the site is the same as

the corresponding site (B, P, L, or R) listed above.

Table 3. Nucleotide sequences of representative att sites.

attBO0 | AGCCTGCTTT TTTATACTAA CTTGAGC | (SEQID NO:)

attP0 | GTTCAGCTTT TTTATACTAA GTTGGCA | (SEQ ID NO: )
attL0 | AGCCTGCTTT TTTATACTAA GTTGGCA | (SEQ ID NO: )

attRO | GTTCAGCTTT TTTATACTAA CTTGAGC | (SEQ ID NO:)
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Table 3. Nucleotide sequences of representative att sites.

attBl | AGCCTGCTTT TTTGTACAAA CTTGT (SEQID NO:)
attP1 GTTCAGCTTT TTTGTACAAA GTTGGCA | (SEQID NO:)
attLl | AGCCTGCTTT TTTGTACAAA GTTGGCA | (SEQID NO:)
attR1 | GTTCAGCTTT TTTGTACAAA CTTGT (SEQ ID NO:)
attB2 ACCCAGCTTT CTTGTACAAA GTGGT (SEQ ID NO:)
attP2 | GTTCAGCTTT CTTGTACAAA GTTGGCA | (SEQID NO:)
attL2 | ACCCAGCTTT CTTGTACAAA GTTGGCA | (SEQIDNO:)
attR2 GTTCAGCTTT CTTGTACAAA GTGGT (SEQID NO:)
attBS | CAACTTTATT ATACAAAGTT GT (SEQID NO:)
attP5 GTTCAACTTT ATTATACAAA GTTGGCA | (SEQID NO:)
attL5 | CAACTTTATT ATACAAAGTT GGCA (SEQ ID NO:)
attR5 | GTTCAACTTT ATTATACAAA GTTGT (SEQ ID NO: )
attB11 | CAACTTTTCT ATACAAAGTT GT (SEQID NO:)
attP1l | GTTCAACTTT TCTATACAAA GTTGGCA | (SEQID NO:)
attL11 | CAACTTTTCT ATACAAAGTT GGCA (SEQ ID NO:)
attR11 | GTTCAACTTT TCTATACAAA GTTGT (SEQIDNO:)
attB17 | CAACTTTTGT ATACAAAGTT GT (SEQIDNO:)
attP17 | GTTCAACTTT TGTATACAAA GTTGGCA | (SEQ ID NO:)
attL17 | CAACTTTTGT ATACAAAGTT GGCA (SEQ ID NO:)
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Table 3. Nucleotide sequences of representative att sites.
attR17 | GTTCAACTTT TGTATACAAA GTTGT (SEQID NO:)
attB19 | CAACTTTTTC GTACAAAGTT GT (SEQID NO:)
attP19 | GTTCAACTTT TTCGTACAAA GTTGGCA | (SEQID NO:)
attL19 | CAACTTTTTC GTACAAAGTT GGCA (SEQID NO:)
attR19 | GTTCAACTTT TTCGTACAAA GTTGT (SEQID NO:)
attB20 | CAACTTTTTG GTACAAAGTT GT (SEQ ID NO:)
aitP20 | GTTCAACTTT TTGGTACAAA GTTGGCA | (SEQID NO:)
attL20 | CAACTTTTTG GTACAAAGTT GGCA (SEQID NO:)
attR20 | GTTCAACTTT TTGGTACAAA GTTGT (SEQID NO:)
attB21 | CAACTTTTTA ATACAAAGTT GT (SEQIDNO:)
attP21 | GTTCAACTTT TTAATACAAA GTTGGCA | (SEQID NO:)
attL21 | CAACTTTTTA ATACAAAGTT GGCA (SEQID NO:)
attR21 | GTTCAACTTT TTAATACAAA GTTGT (SEQID NO:)

[0205]

Other recombination sites having unique specificity (i.e., a first site

will recombine with its corresponding site and will not recombine with a
second site having a different specificity) are known to those skilled in the art
and may be used to practice the present invention. Corresponding
recombination proteins for these systems may be used in accordance with the
invention with the indicated recombination sites. Other systems providing
recombination sites and recombination proteins for use in the invention
include the FLP/FRT system from Saccharomyces cerevisiae, the resolvase
family (e.g., v6, TndX, TupX, Tn3 resolvase, Hin, Hjc, Gin, SpCCE1, ParA,
and Cin), and IS231 and other Bacillus thuringiensis transposable elements.

Other suitable recombination systems for use in the present invention include
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the XerC and XerD recombinases and the psi, dif and cer recombination sites
in E. coli. Other suitable recombination sites may be found in United States
patent no. 5,851,808 issued to Elledge and Liu which is specifically
incorporated herein by reference.

[0206] Recombination sites used with the invention may also have embedded
functions or properties. An embedded functionality is a function or property
conferred by a nucleotide sequence in a recombination site that is not directly
associated with recombination efficiency or specificity. For example,
recombination sites may contain protein coding sequences (e.g., intein coding
sequences), intron/exon splice sites, origins of replication, and/or stop codons.
Further, recombination sites that have more than one (e.g., two, three, four,
five, etc.) embedded functions or properties may also be prepared.

[0207] In some instances it will be advantageous to remove either RNA
corresponding to recombination sites from RNA transcripts or amino acid
residues encoded by recombination sites from polypeptides translated from
such RNAs. Removal of such sequences can be performed in several ways
and can occur at either the RNA or protein level. One instance where it may
be advantageous to remove RNA transcribed from a recombination site will be
when constructing a fusion polypeptide between a polypeptide of interest and
a coding sequence present on the vector. The presence of an intervening
recombination site' between the ORF of the polypeptide of interest and the
vector coding sequences may result in the recombination site (1) contributing
codons to the mRNA that result in the inclusion of additional amino acid
residues in the expression product, (2) contributing a stop codon to the mRNA
that prevents the production of the desired fusion protein, and/or (3) shifting
the reading frame of the mRNA such that the two protein are not fused
"in-frame."

[0208] In one aspect, the invention provides methods for removing nucleotide
sequences encoded by recombination sites from RNA molecules. One
example of such a method employs the use of intron/exon splice sites to

remove RNA encoded by recombination sites from RNA transcripts.
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Nucleotide sequences that encode intron/exon splice sites may be fully or
partially embedded in the recombination sites used in the present invention
and/or may encoded by adjacent nucleic acid sequence. Sequences to be
excised from RNA molecules may be flanked by splice sites that are
appropriately located in the sequence of interest and/or on the vector. For
example, one intron/exon splice site may be encoded by a recombination site
and another intron/exon splice site may be encoded by other nucleotide
sequences (e.g., nucleic acid sequences of the vector or a nucleic acid of
interest). Nucleic acid splicing is well known to those skilled in the art and is
discussed in the following publications: R. Reed, Curr. Opin. Genet. Devel.
6:215-220 (1996); S. Mount, Nucl. Acids. Res. 10:459-472, (1982); P. Sharp,
Cell 77:805-815, (1994); K. Nelson and M. Green, Genes and Devel. 23:319-
329 (1988); and T. Cooper and W. Mattox, Am. J. Hum. Genet. 61:259-266
(1997).

[0209] Splice sites can be suitably positioned in a number of locations. For
example, a Destination Vector designed to express an inserted ORF with an
N-terminal fusion—for example, with a detectable marker—the first splice site
could be encoded by vector sequences located 3' to the detectable marker
coding sequences and the second splice site could be partially embedded in the
recombination site that separates the detectable marker coding sequences from
the coding sequences of the ORF. Further, the second splice site either could
abut the 3' end of the recombination site or could be positioned a short
distance (e.g., 2, 4, 8, 10, 20 nucleotides) 3' to the recombination site. In
addition, depending on the length of the recombination site, the second splice
site could be fully embedded in the recombination site.

[0210] A modification of the method described above involves the connection
of multiple nucleic acid segments that, upon expression, results in the
production of a fusion protein. In one specific example, one nucleic acid
segment encodes detectable marker—for example, GFP—and another nucleic
acid segment that encodes an ORF of interest. Each of these segments is
flanked by recombination sites. In addition, the nucleic acid segments that
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encodes the detectable marker contains an intron/exon splice site near its 3'
terminus and the nucleic acid segments that contains the ORF of interest also
contains an intron/exon splice site near its 5' terminus. Upon recombination,
the nucleic acid segment that encodes the detectable marker is positioned 5' to
the nucleic acid segment that encodes the ORF of interest. Further, these two
nucleic acid segments are separated by a recombination site that is flanked by
intron/exon splice sites. Excision of the intervening recombination site thus
occurs after transcription of the fusion mRNA. Thus, in one aspect, the
invention is directed to methods for removing RNA transcribed from
recombination sites from transcripts generated from nucleic acids described
herein.

[0211] Splice sites may introduced into nucleic acid molecules to be used in
the present invention in a variety of ways. One method that could be used to
introduce intron/exon splice sites into nucleic acid segments is by the use of
PCR. For example, primers could be used to generate nucleic acid segments
corresponding to an ORF of interest and containing both a recombination site
and an intron/exon splice site.

[0212] The above methods can also be used to remove RNA corresponding to
recombination sites when the nucleic acid segment that is recombined with
another nucleic acid segment encodes RNA that is not produced in a
translatable format. One example of such an instance is where a nucleic acid
segment is inserted into a vector in a manner that results in the production of
antisense RNA. As discussed below, this antisense RNA may be fused, for
example, with RNA that encodes a ribozyme. Thus, the invention also
provides methods for removing RNA corresponding to recombination sites
from such molecules.

[0213] The invention further provides methods for removing amino acid
sequences encoded by recombination sites from protein expression products
by protein splicing. Nucleotide sequences that encode protein splice sites may
be fully or partially embedded in the recombination sites that encode amino

acid sequences excised from proteins or protein splice sites may be encoded
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by adjacent nucleotide sequences. Similarly, one protein splice site may be
encoded by a recombination site and another protein splice sites may be
encoded by other nucleotide sequences (e.g., nucleic acid sequences of the
vector or a nucleic acid of interest).

[0214] It has been shown that protein splicing can occur by excision of an
intein from a protein molecule and ligation of flanking segments (see, e.g.,
Derbyshire et al., Proc. Natl. Acad. Sci. (USA) 95:1356-1357 (1998)). In
brief, inteins are amino acid segments that are post-translationally excised
from proteins by a self-catalytic splicing process. A considerable number of
intein consensus sequences have been identified (see, e.g., Perler, Nucleic
Acids Res. 27:346-347 (1999)).

[0215] Similar to intron/exon splicing, N- and C-terminal intein motifs have
been shown to be involved in protein splicing. Thus, the invention further
provides compositions and methods for removing amino acid residues
encoded by recombination sites from protein expression products by protein
splicing. In particular, this aspect of the invention is related to the positioning
of nucleic acid sequences that encode intein splice sites on both the 5' and 3’
end of recombination sites positioned between two coding regions. Thus,
when the protein expression product is incubated under suitable conditions,
amino acid residues encoded these recombination sites will be excised.

[0216] Protein splicing may be used to remove all or part of the amino acid
sequences encoded by recombination sites. Nucleic acid sequence that encode
inteins may be fully or partially embedded in recombination sites or may
adjacent to such sites. In certain circumstances, it may be desirable to remove
considerable numbers of amino acid residues beyond the N- and/or C-terminal
ends of amino acid sequences encoded by recombination sites. In such
instances, intein coding sequence may be located a distance (e.g., 30, 50, 75,
100, etc. nucleotides) 5' and/or 3' to the recombination site.

[0217] While conditions suitable for intein excision will vary with the
particular intein, as well as the protein that contains this intein, Chong et al.,

Gene 192:271-281 (1997), have demonstrated that a modified Saccharomyces
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cerevisiae intein, referred to as Sce VMA intein, can be induced to undergo
self-cleavage by a number of agents including 1,4-dithiothreitol (DTT),
B-mercaptoethanol, and cysteine. For example, intein excision/splicing can be
induced by incubation in the presence of 30 mM DTT, at 4°C for 16 hours.

[0218] Corresponding recombination proteins for these systems may be used
in accordance with the invention with the indicated recombination sites. Other
systems providing recombination sites and recombination proteins for use in
the invention include the FLP/FRT system from Saccharomyces cerevisiae,
the resolvase family (e.g., ((, Tn3 resolvase, Hin, Gin and Cin), and IS231 and
other Bacillus thuringiensis transposable elements. Other suitable
recombination systems for use in the present invention include the XerC and
XerD recombinases and the psi, dif and cer recombination sites in E. coli.
Other suitable recombination sites may be found in United States patent no.
5,851,808 issued to Elledge and Liu which is specifically incorporated herein
by reference. Preferred recombination proteins and mutant or modified
recombination sites for use in the invention include those described in U.S.
Patent Nos. 5,888,732, 6,171,861, 6,143,557, 6,270,969 and 6,277,608, and
commonly owned, co-pending U.S. Application Nos. 09/438,358 (filed
11/12/99), 09/517,466 (filed 03/02/00), 09/695,065 (filed 10/25/00) and
09/732,914 (filed 12/11/00), the disclosures of all of which are incorporated
herein by reference in their entireties, as well as those associated with the
GATEWAY™ Cloning Technology available from Invitrogen Corporation
(Carlsbad, CA).

Topoisomerase Cloning

[0219] The present invention also relates to methods of using one or more
topoisomerases to generate a recombinant nucleic acid molecule from two or
more nucleotide sequences. In a first aspect, the invention provides a method
for generating a ds recombinant nucleic acid molecule that is covalently linked

in one strand. Such a method is directed to linking a first and at least a second
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nucleotide sequence with at least one (e.g., 1, 2, 3,4, 5, 6, 7, 8, 9, 10, etc.)
topoisomerase (e.g., a type IA, type IB, and/or type II topoisomerase) such
that one strand, but not both strands, is covalently linked (see, for example,
Figures 11A-F). In a second aspect, the invention provides a method for
generating a ds recombinant nucleic acid molecule covalently linked in both
strands. Such a method is directed to linking a first and at least a second
nucleotide sequence with at least one topoisomerase, such that ligated ends are
covalently linked in both strands (i.e., the dsrecombinant nucleic acid
molecule contain no nicks at the positions where ends were ligated; see, for
example, Figures 12A-D). In a third aspect, the invention provides a method
for generating a recombinant nucleic acid molecule covalently linked in one
strand, wherein the substrate nucleotide sequences linked according to the
method include at least one single stranded nucleotide sequence, which can be
covalently linked to a second (or more) single stranded nucleotide sequence or
to a nucleic acid molecule (see, for example, Figure 15).

[0220] A method for generating a dsrecombinant nucleic acid molecule
covalently linked in one strand can be performed by contacting a first nucleic
acid molecule which has a site-specific topoisomerase recognition site (e.g., a
type IA or a type II topoisomerase recognition site), or a cleavage product
thereof, at a 5' or 3' terminus, with a second (or other) nucleic acid molecule,
and optionally, a topoisomerase (e.g., a typeIA, type IB, and/or type II
topoisomerase), such that the second nucleotide sequénce can be covalently
attached to the first nucleotide sequence. As disclosed herein, the methods of
the invention can be performed using any number of nucleotide sequences,
typically nucleic acid molecules wherein at least one of the nucleotide
sequences has a site-specific topoisomerase recognition site (e.g., a type IA, or
type II topoisomerase), or cleavage product thereof, at one or both 5' termini
(see, for example, Figures 11A-11F).

[0221] A method for generating a dsrecombinant nucleic acid molecule
covalently linked in both strands can be performed, for example, by contacting

a first nucleic acid molecule having a first end and a second end, wherein, at
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the first end or second end or both, the first nucleic acid molecule has a
topoisomerase recognition site (or cleavage product thereof) at or near the
3' terminus; at least a second nucleic acid molecule having a first end and a
second end, wherein, at the first end or second end or both, the at least second
double stranded nucleotide sequence has a topoisomerase recognition site (or
cleavage product thereof) at or near a 3' terminus; and at least one site specific
topoisomerase (e.g., a type IA and/or a type IB topoisomerase), under
conditions such that all components are in contact and the topoisomerase can
effect its activity. A covalently linked ds recombinant nucleic acid generated
according to a method of this aspect of the invention is characterized, in part,
in that it does not contain a nick in either strand at the position where the
nucleic acid molecules are joined. In one embodiment, the method is
performed by contacting a first nucleic acid molecule and a second (or other)
nucleic acid molecule, each of which has a topoisomerase recognition site, or a
cleavage product thereof, at the 3' termini or at the 5' termini of two ends to be
covalently linked. In another embodiment, the method is performed by
contacting a first nucleic acid molecule having a topoisomerase recognition
site, or cleavage product thereof, at the 5'terminus and the 3'terminus of at
least one end, and a second (or other) nucleic acid molecule having a
3' hydroxyl group and a 5' hydroxyl group at the end to be linked to the end of
the first nucleic acid molecule containing the recognition sites. As disclosed
herein, the methods can be performed using any number of nucleic acid
molecules having various combinations of termini and ends (see, for example,
Figure 12A-12D).

[0222] Topoisomerases are categorized as type I, including type IA and type
IB topoisomerases, which cleave a single strand of a double stranded nucleic
acid molecule, and type II topoisomerases (gyrases), which cleave both strands
of a nucleic acid molecule. Type IA and IB topoisomerases cleave one strand
of a nucleic acid molecule. Cleavage of a nucleic acid molecule by type IA
topoisomerases generates a 5' phosphate and a 3' hydroxyl at the cleavage site,

with the type IA topoisomerase covalently binding to the 5'terminus of a
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cleaved strand. In comparison, cleavage of a nucleic acid molecule by type IB
topoisomerases generates a 3' phosphate and a 5' hydroxyl at the cleavage site,
with the type IB topoisomerase covalently binding to the 3'terminus of a
cleaved strand. As disclosed herein, type I and type II topoisomerases, as well
as catalytic domains and mutant forms thereof, are useful for generating
ds recombinant nucleic acid molecules covalently linked in both strands
according to a method of the invention.

[0223] Type IA topoisomerases include E. coli topoisomerase 1, E. coli
topoisomerase III, eukaryotic topoisomerase II, archeal reverse gyrase, yeast
topoisomerase III, Drosophila topoisomerase III, human topoisomerase III,
Streptococcus pneumoniae topoisomerase III, and the like, including other
type IA topoisomerases (see Berger, Biochim. Biophys. Acta 1400:3-18, 1998;
DiGate and Marians, J. Biol. Chem. 264:17924-17930, 1989; Kim and Wang,
J. Biol. Chem. 267:17178-17185, 1992; Wilson et al., J.Biol. Chem.
275:1533-1540, 2000; Hanai et al., Proc. Natl. Acad. Sci., USA 93:3653-3657,
1996, U.S. Pat. No. 6,277,620, each of which is incorporated herein by

reference). E. coli topoisomerase III, which is a type IA topoisomerase that
recognizes, binds to and cleaves the sequence 5-GCAACTT-3', can be
particularly useful in a method of the invention (Zhang et al., J. Biol. Chem.
270:23700-23705, 1995, which is incorporated herein by reference). A
homolog, the traE protein of plasmid RP4, has been described by Li et al., J.
Biol. Chem. 272:19582-19587 (1997) and can also be used in the practice of
the invention. A DNA-protein adduct is formed with the enzyme covalently
binding to the 5'-thymidine residue, with cleavage occurring between the two
thymidine residues.

[0224] Type IB topoisomerases include the nuclear type I topoisomerases
present in all eukaryotic cells and those encoded by vaccinia and other cellular
poxviruses (see Cheng et al., Cell 92:841-850, 1998, which is incorporated
herein by reference). The eukaryotic type IB topoisomerases are exemplified
by those expressed in yeast, Drosophila and mammalian cells, including

human cells (see Caron and Wang, Adv. Pharmacol. 29B,:271-297, 1994,
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Gupta et al., Biochim. Biophys. Acta 1262:1-14, 1995, each of which is

incorporated herein by reference; see, also, Berger, supra, 1998). Viral type IB
topoisomerases are exemplified by those produced by the vertebrate
poxviruses (vaccinia, Shope fibroma virus, ORF virus, fowlpox virus, and
molluscum contagiosum virus), and the insect poxvirus (4dmsacta moorei
entomopoxvirus) (see Shuman, Biochim. Biophys. Acta 1400:321-337, 1998;
Petersen et al., Virology 230:197-206, 1997; Shuman and Prescott, Proc. Natl.
Acad. Sci., USA 84:7478-7482, 1987; Shuman, J. Biol. Chem. 269:32678-
32684, 1994; U.S. Pat. No. 5,766,891; PCT/US95/16099; PCT/US98/12372,,
each of which is incorporated herein by reference; see, also, Cheng et al.,

supra, 1998).

[0225] Type 1I topoisomerases include, for example, bacterial gyrase, bacterial
DNA topoisomerase IV, eukaryotic DNA topoisomerase II, and T-even phage
encoded DNA topoisomerases (Roca and Wang, Cell 71:833-840, 1992; Wang,
J. Biol. Chem. 266:6659-6662, 1991, each of which is incorporated herein by
reference; Berger, supra, 1998;). Like the type 1B topoisomerases, the type II
topoisomerases have both cleaving and ligating activities. In addition, like
type IB topoisomerase, substrate nucleic acid molecules can be prepared such
that the type II topoisomerase can form a covalent linkage to one strand at a
cleavage site. For example, calf thymus type II topoisomerase can cleave a
substrate nucleic acid molecule containing a 5'recessed topoisomerase
recognition site positioned three nucleotides from the 5'end, resulting in
dissociation of the three nucleotide sequence 5'to the cleavage site and
covalent binding the of the topoisomerase to the 5' terminus of the nucleic acid
molecule (Andersen et al., supra, 1991). Furthermore, upon contacting such a
type I topoisomerase charged nucleic acid molecule with a second nucleotide
sequence containing a 3' hydroxyl group, the type II topoisomerase can ligate
the sequences together, and then is released from the recombinant nucleic acid

molecule. As such, type II topoisomerases also are useful for performing

methods of the invention.
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[0226] Structural analysis of topoisomerases indicates that the members of
each particular topoisomerase families, including type IA, type IB and type II
topoisomerases, share common structural features with other members of the
family (Berger, supra, 1998). In addition, sequence analysis of various
type IB topoisomerases indicates that the structures are highly conserved,
particularly in the catalytic domain (Shuman, supra, 1998; Cheng et al., supra,
1998; Petersen et al., supra, 1997). For example, a domain comprising amino
acids 81 to 314 of the 314 amino acid vaccinia topoisomerase shares
substantial homology with other typeIB topoisomerases, and the isolated
domain has essentially the same activity as the full length topoisomerase,
although the isolated domain has a slower turnover rate and lower binding
affinity to the recognition site (see Shuman, supra, 1998; Cheng et al., supra,
1998). In addition, a mutant vaccinia topoisomerase, which is mutated in the
amino terminal domain (at amino acid residues 70 and 72) displays identical
properties as the full length topoisomerase (Cheng et al., supra, 1998). In fact,
mutation analysis of vaccinia type IB topoisomerase reveals a large number of
amino acid residues that can be mutated without affecting the activity of the
topoisomerase, and has identified several amino acids that are required for
activity (Shuman, supra, 1998). In view of the high homology shared among
the vaccinia topoisomerase catalytic domain and the other type IB
topoisomerases, and the detailed mutation analysis of vaccinia topoisomerase,
it will be recognized that isolated catalytic domains of the type IB
topoisomerases and type IB topoisomerases having various amino acid
mutations can be used in the methods of the invention.

[0227] The various topoisomerases exhibit a range of sequence specificity.
For example, type II topoisomerases can bind to a variety of sequences, but
cleave at a highly specific recognition site (see Andersen et al., J. Biol. Chem.
266:9203-9210, 1991, which is incorporated herein by reference.). In
comparison, the type IB topoisomerases include site specific topoisomerases,
which bind to and cleave a specific nucleotide sequence ("topoisomerase

recognition site"). Upon cleavage of a nucleic acid molecule by a
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topoisomerase, for example, a type IB topoisomerase, the energy of the
phosphodiester bond is conserved via the formation of a phosphotyrosyl
linkage between a specific tyrosine residue in the topoisomerase and the
3' nucleotide of the topoisomerase recognition site. Where the topoisomerase
cleavage site is near the 3'terminus of the nucleic acid molecule, the
downstream sequence (3' to the cleavage site) can dissociate, leaving a nucleic
acid molecule having the topoisomerase covalently bound to the newly
generated 3' end (see Figure 29).

[0228] A method of the invention for generating a ds recombinant nucleic acid
molecule covalently linked in one strand, can be performed by contacting 1) a
first nucleic acid molecule having a first end and a second end, wherein the
first nucleic acid molecule has a site-specific topoisomerase recognition site
(e.g., a type IA or a type II topoisomerase recognition site) at or near the
5'terminus of the first end or the second end or both and, optionally,
comprising one or more recombination sites; 2) at least a second nucleic acid
molecule that has, or can be made to have, a first end and a second end; and 3)
at least one (e.g., 1,2, 3,4, 5,6, 7, 8, 9, 10, etc.) site-specific topoisomerase
(e.g., a type IA or a type IB topoisomerase), under conditions such that all
components are in contact and the at least one topoisomerase can effect its
activity. For example, the topoisomerase can be a type IA topoisomerase such
as E. coli topoisomerase I, E. coli topoisomerase III, or a eukaryotic
topoisomerase III. Upon cleavage of a nucleic acid molecule, the
topoisomerase preferably is stably bound to the 5' terminus. Upon cleavage by
the topoisomerase, the cleaved nucleic acid molecule often may comprise a
3' overhanging sequence. Once nucleic acid molecules are joined by the
methods described above, the resulting molecules may then be used in
recombination reactions, such as those described elsewhere herein.

[0229] A method of the invention for generating a ds recombinant nucleic acid
molecule covalently linked in one strand can be performed such that any
combination of ends are linked, and wherein one strand at the ends being

linked is covalently linked and the other strand is not covalently linked, but
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contains a nick. For example, the first nucleic acid molecule can comprise a
coding sequence, wherein the ATG start codon is at or near the first end and a
poly A signal is encoded at or near the second end; and a second nucleic acid
molecule can comprise a promoter element, which functions when positioned
upstream of a coding sequence, and the first end is upstream of the second
end, the method can be performed wherein a site-specific topoisomerase
recognition site (e.g., a type IA or a type II topoisomerase recognition site) is
at or near the 5' terminus of the first end of the first nucleic acid molecule, and
wherein the contacting is performed under conditions such that the
topoisomerase (e.g., a type IA or a type II topoisomerase) can covalently link
the 5'terminus of the first end of the first nucleic acid molecule to the
3'terminus of the first end of the second nucleic acid molecule, thereby
generating a ds recombinant nucleic acid molecule, in which a polypeptide can
be expressed from the coding sequence. Alternatively, the method can be
performed wherein the topoisomerase recognition site (e.g., a type IA or a type
II topoisomerase recognition site) is at or near the: 5'terminus of the second
end of the first nucleic acid molecule, and wherein the contacting is performed
under conditions such that the topoisomerase (e.g., a type 1A or a type II
topoisomerase recognition site) can covalently link the 5'terminus of the
second end of the first nucleic acid molecule to the 3' terminus of the first end
of the second nucleic acid molecule, thereby generating a ds recombinant
nucleic acid molecule from which an antisense molecule can be expressed.
Once nucleic acid molecules are joined by the methods described above, the
resulting molecules may then be used in recombination reactions, such as
those described elsewhere herein.

[0230] As another example using the first nucleic acid molecule and second
nucleic acid molecule described above, the method can be performed, wherein
the topoisomerase recognition site (e.g., a type IA or a type II topoisomerase
recognition site) is at or near the 5'terminus of each of the first end and the
second end of the first nucleic acid molecule, and wherein the contacting is

performed under conditions such that the type IA topoisomerase can
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covalently link the 5' terminus of the first end of the first nucleic acid molecule
to the 3' terminus of the first end of the second nucleic acid molecule, and the
5'terminus of the second end of the first nucleic acid molecule to the
3' terminus of the second end of the second nucleic acid molecule. As such,
the dsrecombinant nucleic acid molecule generated by the method is
circularized, and includes a nick in each strand opposite the location where a
strand was covaléntly linked by a topoisomerase (e.g., a type IA or a type II
topoisomerase). Furthermore, the promoter of the second nucleic acid
molecule can initiate expression of the first nucleic acid molecule. In one
embodiment, the circularized ds recombinant nucleic acid molecule comprises
a vector. Once nucleic acid molecules are joined by the methods described
above, the resulting molecules may then be used in recombination reactions,
such as those described elsewhere herein.
[0231] As another example using the first nucleic acid molecule and second
nucleic acid molecule described above, the method can be performed, wherein
' the topoisomerase recognition site (e.g., a type IA or a type II topoisomerase
recognition site) is at or near the 5'terminus of each of the first end and the
second end of the first nucleic acid molecule, and wherein the contacting is
performed under conditions such that the topoisomerase (e.g., a type IA or a
type II topoisomerase) can covalently link the 5'terminus of the first end of
the first nucleic acid molecule to the 3'terminus of the second end of the
second nucleic acid molecule, and the 5' terminus of the second end of the first
nucleic acid molecule to the 3' terminus of the first end of the second nucleic
acid molecule. As such, the ds recombinant nucleic acid molecule generated
by the method is circularized, and includes a nick in each strand opposite the
location where a strand was covalently linked by topoisomerase (e.g., a type
IA or a type II topoisomerase recognition site). Furthermore, the promoter of
the second nucleic acid molecule can initiate expression of an antisense
sequence. In one embodiment, the circularized ds recombinant nucleic acid

molecule comprises a vector. Once nucleic acid molecules are joined by the
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methods described above, the resulting molecules may then be used in
recombination reactions, such as those described elsewhere herein.

[0232] As disclosed herein, a method of generating a ds recombinant nucleic
acid molecule covalently linked in one strand, involving a first nucleic acid
molecule and at least a second nucleic acid molecule, can further include a
step for amplifying the dsrecombinant nucleic acid molecule covalently
linked in one strand. The amplification reaction can be carried out by
contacting the ds recombinant nucleic acid molecule with an amplification
reaction primer pair, wherein a first primer of the pair is capable of binding to
the covalently linked strand, at or near one end of the first or second nucleic
acid molecule, and priming an amplification reaction toward the other nucleic
acid molecule to generate a first extension product that is identical in
nucleotide sequence to the nicked strand of the ds recombinant nucleic acid
molecule; and the second primer of the pair is capable of binding to the first
extension product, typically at or near the 3' terminus, and, in the presence of
the first primer, can generate an amplification product using the covalently
linked strand and the extension product (or extension products generated
therefrom) as templates. For example, the method can be performed such that
the type IA topoisomerase recognition site is at or near a first end of the first
nucleic acid molecule, and the method further includes contacting the
ds recombinant nucleic acid molecule with an amplification reaction primer
pair, wherein a forward primer is capable of binding at or near the second end
of the first nucleic acid molecule, and wherein a reverse primer is capable of
binding to a nucleotide sequence complementary to at least a portion of the
second end of the second nucleic acid molecule; and amplifying the
ds recombinant nucleic acid molecule. The first nucleic acid molecule can
include a coding region and the second nucleic acid molecule can include a
regulatory element. Once nucleic acid molecules are joined by the methods
described above, the resulting molecules may then be used in recombination

reactions, such as those described elsewhere herein.



WO 03/103600 PCT/US03/18036
- 105 -

[0233] A method of generating a dsrecombinant nucleic acid molecule
covalently linked iﬁ one strand also can be performed by contacting 1) a first
nucleic acid molecule having a first end and a second end, wherein the first
nucleic acid molecule has a site-specific topoisomerase recognition site (e.g., a
type IA or a type II topoisomerase recognition site) at or near the 5' terminus
of the first end or the second end or both; 2) at least a second nucleic acid
molecule that has, or can be made to have, a first end and a second end; 3) at
least a third nucleic acid molecule which has, or can be made to have, a first
end and a second end, each end further comprising a 5'terminus and a
3' terminus; and 4) at least one (e.g., 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, etc.) site-
specific topoisomerase (e.g.,a type IA or a type II topoisomerase), under
conditions such that all components are in contact and the at least one
topoisomerase can effect its activity. For example, the topoisomerase can be a
type IA topoisomerase such as E. coli topoisomerase I, E. coli topoisomerase
III, or a eukaryotic topoisomerase III. Upon cleavage of a nucleic acid
molecule, the topoisomerase preferably is stably bound to the 5'terminus.
Preferably, upon cleavage by the topoisomerase, the cleaved nucleic acid
molecule comprises a 3' overhanging sequence. Once nucleic acid molecules
are joined by the methods described above, the resulting molecules may then
be used in recombination reactions, such as those described elsewhere herein.

[0234] A method of the invention for generating a ds recombinant nucleic acid
molecule covalently linked in one strand, involving a first nucleic acid
molecule that contains a site-specific topoisomerase recognition site (e.g., a
type IA or a type IB topoisomerase recognition site), or cleavage product
thereof, at least a second nucleic acid molecule, and at least a third nucleic
acid molecule can be performed such that any combination of ends are linked,
and one strand at the ends being linked is covalently linked and one strand is
nicked. According to this embodiment, any of the ends can contain a type IA,
type II, or type IB topoisomerase recognition site, or can comprise a cleavage
product thereof, provided that the first ds recombinant nucleotide molecule

contains a topoisomerase recognition site (e.g., a type IA or a type II
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topoisomerase recognition site) at or near a 5' terminus, or a cleavage product
thereof, and only one topoisomerase or topoisomerase recognition site is
present at the ends that are to be linked. For example, where the first nucleic
acid molecule comprises a site-specific type IA topoisomerase recognition site
at or near each of the first end and the second end, the method further can
include contacting the first nucleic acid molecule and the second nucleic acid
molecule with at least a third nucleic acid molecule which has, or can be made
to have, a first end and a second end, each end further comprising a
5'terminus and a 3'terminus, under conditions such that the topoisomerase
(e.g., a type IA or a type II topoisomerase) can covalently link the 5' terminus
of the first end of the first nucleic acid molecule with the 3' terminus of the
first end of the second nucleotide sequence, and the 5' terminus of the second
end of the first nucleic acid molecule with the 3'terminus of the first end of
the third nucleotide sequence. It will be recognized that other combinations of
ends and topoisomerase recognition sites, or cleavage products thereof, can be
used to perform such a method of the invention. Once nucleic acid molecules
are joined by the methods described above, the resulting molecules may then
be used in recombination reactions, such as those described elsewhere herein.
[0235] A method of the invention also can be performed by contacting a first
nucleic acid molecule and a second nucleic acid molecule with at least a third
nucleic acid molecule, which comprises a first end and a second end, each end
further comprising a 5' terminus and a 3' terminus, wherein the third nucleic
acid molecule comprises a type IB topoisomerase recognition site at or near
the 3' terminus of said first end, or said second end, or both said first end and
said second end; and at least one (e.g., 1,2, 3,4, 5,6, 7, 8, 9, 10, etc.) type IB
topoisomerase under conditions such that the type IB topoisomerase can
covalently link the 3'terminus of the first end or second end of the third
nucleic acid molecule to the 5'terminus of the first end or second end of the
second nucleic acid molecule. In such a method, where the third nucleic acid
molecule comprises a type IB topoisomerase recognition site at or near the

3" terminus of the first end, the contacting can be performed under conditions
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such that the type IB topoisomerase can covalently link the 3' terminus of the
first end of the third nucleic acid molecule to the 5' terminus of the first end of

" the secbnd nucleic acid molecule. It will be recognized that other
combinations of ends and topoisomerase recognition sites, or cleavage
products thereof, can be used to perform such a method of the invention. Once
nucleic acid molecules are joined by the methods described above, the
resulting molecules may then be used in recombination reactions, such as
those described elsewhere herein.

[0236] In another embodiment, a method for generating a dsrecombinant
nucleic acid molecule covalently linked in one strand can be performed by
contacting 1) a first nucleic acid molecule having a first end and a second end,
wherein the first nucleic acid molecule has a site-specific topoisomerase
recognition site (e.g., a type IA or a type II topoisomerase recognition site) at
or near the 5' terminus of an end and a type IB topoisomerase recognition site
at or near the 3' terminus of the other end; 2) at least a second nucleic acid
molecule that has, or can be made to have, a first end and a second end; 3) at
least one (e.g., 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, etc.) site-specific topoisomerase
(e.g., a type IA or a type II topoisomerase); and 4) at least one (e.g., 1, 2, 3, 4,
5,6,7, 8,9, 10, etc.) type IB topoisomerase under conditions such that all
components are in contact and the at least one topoisomerase can effect its
activity. For example, the topoisomerase, for which a recognition site is at or
near the 5' terminus, can be a type IA topoisomerase such as E. coli
topoisomerase I, E. coli topoisomerase III, or a eukaryotic topoisomerase III.
Upon cleavage of a nucleic acid molecule, the type IA topoisomerase
preferably is stably bound to the 5'terminus, and the type IB topoisomerase
preferably is stably bound at the 3' terminus. Preferably, upon cleavage by the
topoisomerases, the cleaved nucleic acid molecule comprises a 3' overhanging
sequence and a 5'overhanging sequence. The method can further include
contacting the dsrecombinant nucleic acid molecule with a DNA ligase,
thereby generating a ds recombinant nucleic acid molecule covalently linked

in both strands. Once nucleic acid molecules are joined by the methods
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described above, the resulting molecules may then be used in recombination
reactions, such as those described elsewhere herein.

[0237] A method of generating a dsrecombinant nucleic acid molecule
covalently linked in one strand by contacting a first nucleic acid molecule, a
second nucleic acid molecule, and at least a third nucleic acid molecule, can
further include a step for amplifying the ds recombinant nucleic acid molecule,
particularly the covalently linked strand. The amplification can be carried out
by contacting the ds recombinant nucleic acid molecule with an amplification
reaction primer pair, wherein a first primer of the pair can bind selectively to
the covalently linked strand at or near one end of the first or second nucleic
acid molecule and prime an amplification reaction toward the other nucleic
acid molecule to generate a first extension product that is complementary to
the covalently-linked strand; and the second primer of the pair can bind
selectively to the first extension product, typically at or near the 3' terminus,
and, in the presence of the first primer, can generate an amplification product
using the covalently linked strand and the extension product (or extension
products derived therefrom) as templates. The method can be performed such
that the topoisomerase recognition site (e.g., a typelA or a type IB
topoisomerase recognition site) is at or near the first end of the first nucleic
acid molecule, and can further include contacting the ds recombinant nucleic
acid molecule with an amplification reaction primer pair, wherein a forward
primer is capable of binding to a nucleotide sequence at or near the second end
of the first nucleic acid molecule and wherein a reverse primer is capable of
binding to a nucleotide sequence complementary to at least a portion of the
third nucleic acid molecule; and amplifying the ds recombinant nucleic acid
molecule. The first nucleic acid molecule can include a coding region and the
third nucleic acid molecule can include a regulatory element. Furthermore,
the ends being linked can contain complementary overhanging sequences.
Once nucleic acid molecules are joined by the methods described above, the
resulting molecules may then be used in recombination reactions, such as

those described elsewhere herein.
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[0238] Representative embodiments of the disclosed methods for generating a
ds recombinant nucleic acid molecule covalently linked in one strand and,
optionally, comprising one or more recombination sites, are illustrated in
Figures 11A—11F. In Figure 11A, one of the nucleic acid molecules has a
topoisomerase attached to the 5'terminus of one end such that, when this
molecule, which has a 3'overhang, is contacted with a second nucleic acid
molecule having a substantially complementary 3' overhang, under suitable
conditions, the nucleotides comprising the 3' overhangs can hybridize and the
topoisomerases can catalyze ligation. Figure 11B shows a first nucleic acid
molecule having topoisomerase molecules linked to the 5'terminus and
3'terminus of two different ends of one nucleotide sequence, and further
shows linkage of the first nucleic acid molecule to two other nucleotide
sequences to generate a nucleic acid molecule which has one strand without
any nicks and another strand with two nicks. Figure 11C shows a first nucleic
acid molecule having a topoisomerase molecule linked to the 5'terminus of
one end and a second nucleic acid molecule having a topoisomerase molecule
linked to the 5' terminus of one end, and further shows linkage of the first and
second nucleic acid molecule to one other nucleotide sequence to generate a
nucleic acid molecule which has one strand without any nicks and another
strand with two nicks. In Figure 11D, one of the nucleic acid molecules to be
linked has site-specific type IA topoisomerases attached to the 5'terminus of
both ends such that, when the nucleotide sequences are contacted the
complementary 3'overhangs can hybridize and the topoisomerases catalyze
ligation. Figure 11E shows another example of linking three nucleic acid
molecules together, using one nucleic acid molecule that is topoisomerase-
charged with a type IA topoisomerase at a 5' terminus and another nucleic acid
molecule that is topoisomerase-charged with a type IB topoisomerase at a
3' terminus of the opposite strand to be linked, such that when the nucleotide
sequences are contacted the complementary 3' overhangs can hybridize and
the topoisomerases catalyze ligation. Figure 11F illustrates another example

of linking three nucleic acid molecules together, in this case using one nucleic
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acid molecule that is topoisomerase-charged with a topoisomerase (e.g., a
type IA or a type II topoisomerase) at a first 5' terminus and is charged with a
topoisomerase at a second 5'-terminus of the opposite strand, such that when
the nucleotide sequences are contacted under suitable conditions, the
complementary 3' overhangs can hybridize and the topoisomerases catalyze
ligation. Once nucleic acid molecules are joined by the methods described
above, the resulting molecules may then be used in recombination reactions,
such as those described elsewhere herein.

[0239] The examples set forth in Figures 11A-11F show the ends of the
nucleic acid molecules opposite those being linked as having blunt ends, and
shows the being linked as having 3' overhanging sequences. However, the
substrate nucleic acid molecules can have any ends and overhangs as desired,
including both ends being blunt and/or complementary, or combinations
thereof, such that the ends can be ligated to each other, for example, to form
circular molecules or to other nucleic acid molecules having an appropriate
end. Thus, one or more of the blunt ends as shown in Figures 11A-11F can be
substituted with a nucleotide sequence comprising a 5'overhang or a
3' overhang, either of which can constitute a single nucleotide such as a
thymidine residue or multiple nucleotides (e.g., two, three, four, five, six,
seven, eight, nine, ten, eleven, twelve, thirteen, fourteen, fifteen, etc.
nucleotides), which can be the same or different. In certain embodiments of
the disclosed methods, a first nucleic acid molecule contains a blunt end to be
linked, and a second nucleic acid molecule contains an overhang at the end
which is to be linked by a site-specific topoisomerase (e.g., a type IA or a type
IB topoisomerase), wherein the overhang includes a sequence complementary
to that comprising the blunt end, thereby facilitating strand invasion as a
means to properly position the ends for the linking reaction.

[0240] As exemplified in Figures 11A-11C, the ds recombinant nucleic acid
molecule generated using the methods of this aspect of the invention include
those in which one strand (not both strands) is covalently linked at the ends to

be linked (i.e. ds recombinant nucleic acid molecules generated using these
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methods contain a nick at each position where two ends were joined). These
embodiments are particularly advantageous in that a polymerase can be used
to replicate the ds recombinant nucleic acid molecule by initially replicating
the covalently linked strand. For example, a thermostable polymerase such as
a polymerase useful for performing an amplification reaction such as PCR can
be used to replicate the covalently strand, whereas the strand containing the
nick does not provide a suitable template for replication.

[0241] The present invention also provides methods of covalently ligating the
ends of two different nucleic acid molecules or two ends of the same nucleic
acid molecule, such that the product generated is ligated in both strands and,
therefore, does not contain a nick. Representative embodiments of this aspect
of the invention are illustrated in Figure 12. For example, in Figure 12A, one
of the nucleic acid molecules has topoisomerase molecules attached to the
3'terminus and the 5'terminus of one end such that, when this molecule,
which has a 5'overhang, is contacted with a second nucleic acid molecule
having a substantially complementary 5' overhang, under suitable conditions,
the nucleotides comprising the 5'overhangs can hybridize and the
topoisomerases can catalyze ligation of both strands of the nucleic acid
molecules. In Figure 12B, each end of the nucleic acid molecules to be linked
has a topoisomerase molecule attached to the 3' terminus such that, when the
nucleotide sequences are contacted under suitable conditions, nucleotides
comprising the 5'overhangs can hybridize and the topoisomerases catalyze
ligation (compare Figure 12C, in which each of the nucleic acid molecules to
be linked has a topoisomerase attached to the 5'termini of the ends to be
linked). Figure 12D illustrates linking three nucleic acid molecules together
via a nucleic acid molecule that is topoisomerase-charged at both termini of
both ends. Similarly to Figure 11, the examples set forth in Figures 12A-12D
show the ends of the nucleic acid molecules that are not being linked as having
blunt ends. As discussed with respect to Figure 11, however, the substraie
nucleic acid molecules utilized in methods as exemplified in Figure 12 can

have any ends as desired, including topoisomerase-charged ends, such that the
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ends can be ligated to each other, for example, to form circular molecules or to
other nucleic acid molecules having an appropriate end, blunt ends, 5'
overhangs, 3' overhangs, and the like, as desired. Once nucleic acid molecules
are joined by the methods described above, the resulting molecules may then
be used in recombination reactions, such as those described elsewhere herein.
[0242] A covalently bound topoisomerase, in addition to catalyzing a ligation
reaction, also can catalyze the reverse reaction, for example, religation of the
3' nucleotide of the recognition sequence, to which the type IB topoisomerase
is linked through the phosphotyrosyl bond, and the nucleotide sequence that,
prior to cleavage, comprised the 3' terminus of the nucleic acid molecule, and
which, following cleavage, contains a free 5'hydroxy group. As such,
methods have been developed for using a type IB topoisomerase to produce
recombinant nucleic acid molecules. For example, cloning vectors containing
a bound type IB topoisomerase have been developed and are commercially
available (Invitrogen Corporation, Carlsbad, CA). Such cloning vectors, when
linearized, contain a covalently bound type IB topoisomerase at each 3'end
("topoisomerase charged"). Nucleotide sequences such as those comprising a
cDNA library, or restriction fragments, or sheared genomic DNA sequences
that are to be cloned into such a vector are treated, for example, with a
phosphatase to produce 5' hydroxyl termini, then are added to the linearized
topoisomerase-charged vector under conditions that allow the topoisomerase
to ligate the nucleotide sequences at the 5'terminus containing the hydroxyl
group and the 3'terminus of the vector that contains the covalently bound
topoisomerase. A nucleotide sequence such as a PCR amplification product,
which is generated containing 5'hydroxyl ends, can be cloned into a
topoisomerase-charged vector in a rapid joining reaction (approximately 5
minutes at room temperature). The rapid joining and broad temperature range
inherent to the topoisomerase joining reaction makes the use of
topoisomerase-charged vectors ideal for high throughput applications, which

generally are performed using automated systems.
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[0243] Type II topoisomerases have not generally been used for generating
recombinant nucleic acid molecules or cloning procedures, whereas
type IB topoisomerases, as indicated above, are used in a variety of
procedures. As disclosed herein, type IA topoisomerases can be used in a
variety of procedures similar to those described for the typelB
topoisomerases. However, previously described methods of using type IB
topoisomerases to ligate two or more nucleotide sequences have suffered from
the disadvantage that the bound topoisomerase only effects the joining of the
3'end of the strand to which it is attached and a second strand containing a
5" hydroxyl group. Since the topoisomerase cannot ligate the complementary
strands, the nucleic acid molecules that are generated contain nicks. While the
presence of such nicks does not prevent the use of the recombinant molecules
for transfection of a host cells, as the nicks generally are resolved
intracellularly, the presence of such nicks in double stranded nucleic acid
molecules significantly limits direct use of the recombinant molecules. For
example, a strand of a nucleic acid molecule containing a nick cannot be
amplified by PCR because the primer extension reaction terminates at the
nick. Thus, nucleic acid constructs prepared using a topoisomerase according
to previously described methods generally must be further treated, for
example, with a DNA ligase, to obtain a ds recombinant nucleic acid molecule

‘ that is covalently linked in both strands and, therefore, useful for subsequent
manipulations such as PCR.

[0244] Previously described methods for preparing nucleic acid constructs
also generally required numerous steps, particularly where more than two
nucleotide sequences are to be ligated, and even more so where the sequences
must be ligated in a predetermined orientation. For example, the nucleotide
sequences to be linked generally are ligated sequentially to produce
intermediate constructs, each of which must be cloned, amplified in a host
cell, isolated, and characterized. The constructs containing the correct
sequences then must be isolated in a sufficient quantity and form such that the

next nucleotide sequence can be ligated, and the process of cloning,
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amplifying, isolating and characterizing performed again to identify the proper
construct. Clearly, as the number of different nucleotide sequences to be
joined increases, so do the number of essentially repetitive procedures that
must be performed, thus resulting in an expensive, laborious and lengthy
process.

[0245] As disclosed herein, an advantage of a method of the invention for
generating a ds recombinant nucleic acid molecule covalently linked in both
strands is that there is no need to perform a separate ligation reaction in order
to obtain a functional ds recombinant nucleic acid molecule covalently linked
in both strands (see Figures 8 and 12). In addition, a method of this aspect of
the invention can be performed such that, where a number of different nucleic
acid molecules are to be covalently linked in a predetermined orientation,
there is no requirement that intermediate constructs be cloned, characterized
and isolated before proceeding to a subsequent step (see Example 1.B). As
such, the methods of this aspect of the invention provide a means to generate a
ds recombinant nucleic acid molecule covalently linked in both strands much
more quickly and at a substantially lower cost than was possible using
previously known methods.

[0246] As an additional advantage, the generated ds recombinant nucleic acid
molecules covalently linked in both strands are in a form that can be used
directly in further procedures, for example, particular procedures involving
extension of a primer such as a PCR amplification procedure, or other
transcription or translation procedure, because the generated construct does
not contain nicks at the sites where the ds nucleotides sequences have been
joined. As disclosed herein, a method of the invention for generating a
ds recombinant nucleic acid molecule covalently linked in one strand, 'in .
certain embodiments, also is advantageous in that the generated
ds recombinant nucleic acid molecules are in a form that can be used directly
in further procedures, for example, particular procedures involving extension
of a primer such as a PCR amplification procedure, or other transcription or

translation procedure, because in certain embodiments, the generated
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ds recombinant nucleic acid molecule contains one strand that does not
contain a nick at the sites where the ds nucleotides sequences were joined.

[0247] The term "nucleotide sequence" or "nucleic acid molecule" is used
herein to refer to a discrete nucleic acid molecule. When used as such, the
term "nucleotide sequence" is used merely for convenience such that the
components in a composition or used in a method of the invention can be
clearly distinguished. Thus, reference is made, for example, to "nucleic acid
molecules", which, in a method of the invention, correspond to the reactants
(substrates) used to produce a recombinant "nucleic acid molecule" product.

[0248] Certain methods of the invention are exemplified generally herein with
reference to the use of type IB topoisomerase such as the Vaccinia
topoisomerase, or a type IA topoisomerase. However, it will be recognized
that the methods also can be performed using a topoisomerase other than that
exemplified, merely by adjusting the components accordingly. For example,
as described in greater detail below, methods are disclosed for incorporating a
type IB topoisomerase recognition site at one or both 3'termini of a linear
nucleic acid molecule using a PCR primer comprising, at least in part, a
nucleotide sequence complementary to the topoisomerase recognition site. In
comparison, a topoisomerase recognition site for a type IA or, if desired, type
II topoisomerase, can be incorporated into a nucleic acid molecule by using a
PCR primer that contains the recognition site.

[0249] Cleavage of a nucleic acid molecule by a site specific type IB
topoisomerase results in the generation of a 5' overhanging sequence in the
strand complementary to and at the same end as that containing the covalently
bound topoisomerase. Furthermore, as disclosed herein, PCR primers can be
designed that can incorporate a type IB topoisomerase recognition site into a
nucleic acid molecule, and that further can produce, upon cleavage of the
nucleic acid molecule by the topoisomerase, a 5' overhanging sequence in the
complementary strand that has a defined and predetermined sequence. As
such, the methods are readily adaptable to generating a ds recombinant nucleic

acid molecule having the component nucleic acid molecule operatively linked
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in a predetermined orientation. In view of the present disclosure, it will be
recognized that PCR primers also can be designed such that a typelA
topoisomerase recognition site can be introduced into a nucleic acid molecule,
including a library of diverse sequences, and, if desired, such that upon
cleavage by a site-specific topoisomerase, generates a 3'overhanging
sequence.

[0250] A method of generating a dsrecombinant nucleic acid molecule
covalently linked in both strands, as disclosed herein, extends the previously
known methods by providing a topoisomerase at or near the terminus of each
nucleic acid molecule to be covalently linked. For example, with respect to a
type IB topoisomerase, the method provides a topoisomerase recognition site,
or a cleavage product thereof (i.e., a covalently bound type IB topoisomerase),
at or near the 3' terminus of each linear nucleic acid molecule to be linked. As
used herein, the term "topoisomerase recognition site" means a defined
nucleotide sequence that is recognized and bound by a site specific
topoisomerase. For example, the nucleotide sequence 5'-(C/T)CCTT-3'is a
topoisomerase recognition site that is bound specifically by most poxvirus
topoisomerases, including vaccinia virus DNA topoisomerase I, which then
can cleave the strand after the 3'-most thymidine of the recognition site to
produce a nucleotide sequence comprising 5'-(C/T)CCTT-PO4-TOPO, ie., a
complex of the topoisomerase covalently bound to the 3' phosphate through a
tyrosine residue in the topoisomerase (see Shuman, J. Biol. Chem. 266:11372-

11379, 1991; Sekiguchi and Shuman, Nucl. Acids Res. 22:5360-5365, 1994

each of which is incorporated herein by reference; see, also, U.S. Pat.
No. 5,766,891; PCT/US95/16099; PCT/US98/12372). In comparison, the
nucleotide sequence 5'-GCAACTT-3' is the topoisomerase recognition site for
type IA E. coli topoisomerase III.

[0251] Topoisomerase-charged nucleic acid molecules, including those
containing a topoisomerase covalently attached to a 5' terminus or 3' terminus
or both, of one or both ends of the nucleic acid molecule, can be generated by

any of a number of methods. In some cases and under the appropriate
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conditions, type I topoisomerases can cleave a single stranded nucleotide
sequence. For example, a domain comprising the amino-terminal 67 kDa
domain of E. coli topoisomerase I, which is a type IA topoisomerase, can
cleave a single stranded nucleotide sequence containing the topoisomerase
recognition site. Where conditions are such that the topoisomerases can
cleave a single stranded nucleotide sequence, cleavage of a nucleic acid
molecule containing topoisomerase recognition sites at the 5' and 3' termini of
one end of nucleic acid molecule can be performed in parallel. Alternatively,
where one or both of the topoisomerases requires a nucleic acid molecule for
recognition and cleavage, the reactions are performed serially, wherein the
more terminal (distal) of the topoisomerase recognition sites is cleaved first,
then the more internal (proximal) site, which remains in a double stranded
context, is cleaved. For example, a nucleic acid molecule containing an
E. coli topoisomerase III recognition site at or near a 5' terminus of an end and
a Vaccinia type IB topoisomerase recognition site at or near the 3' terminus of
the same end, and wherein the type IB recognition site is closer to the end than
the type IA recognition site, the nucleic acid molecule can be incubated with
the Vaccinia topoisomerase, to produce a type IB topoisomerase charged
nucleic acid molecule, then with the E. coli topoisomerase, to produce a
nucleic acid molecule having the typeIA topoisomerase bound to the
5'terminus and the type IB topoisomerase bound to the 3'terminus.
Accordingly, the invention includes methods for producing nucleic acid
molecule comprising a topoisomerase attached to one or both termini of at
least one end, and further provides such topoisomerase-charged nucleic acid
molecules.

[0252] As used herein, the term "cleavage product,” when used in reference to
a topoisomerase recognition site, refers to a nucleotide sequence that has been
cleaved by a topoisomerase, generally at its recognition site, and comprises a
complex of the topoisomerase covalently bound, in the case of type IA or type
1I topoisomerase, to the 5' phosphate group of the 5' terminal nucleotide in the

topoisomerase recognition site, or in the case of a type IB topoisomerase to the
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3'phosphate group of the 3'terminal nucleotide in the topoisomerase
recognition site. Such a complex, which comprises a topoisomerase cleaved
nucleic acid molecule having the topoisomerase covalently bound thereto, is
referred to herein as a "topoisomerase-activated" or a "topoisomerase-charged"
nucleotide sequence. Topoisomerase-activated nucleic acid molecules can be
used in a method of the invention, as can nucleic acid molecules that contain
an uncleaved topoisomerase recognition site and a topoisomerase, wherein the
topoisomerase can cleave the nucleic acid molecule at the recognition site and
become covalently bound thereto.

[0253] In one embodiment of a method of generating a ds recombinant nucleic
acid molecule covalently linked in both strands, a topoisomerase recognition
site is present at or near the 3' terminus of the end of each nucleotide sequence
to be linked such that, in the presence of a type IB topoisomerase, each
nucleotide sequence is cleaved to produce a 3'terminus, which contains the
topoisomerase covalently bound thereto (see Figure8). The nucleotide
sequences to be covalently linked also can contain a 5' hydroxy group at the
same end as that containing the topoisomerase recognition site, or a
5' hydroxyl group can be generated using a phosphatase. Upon contact of such
nucleotide sequences, the site specific topoisomerase can ligate each strand
containing a 3' phosphate to a respective 5' hydroxyl group, thereby generating
a ds recombinant nucleic acid molecule covalently linked in both strands,
which can be produced as a linear, circular, or positively or negatively
supercoiled nucleic acid molecule.

[0254] Preferably, the 5' termini of the ends of the nucleotide sequences to be
linked by a type IB topoisomerase according to a method of certain aspects of
the invention contain complementary 5'overhanging sequences, which can
facilitate the initial association of the nucleotide sequences, including, if
desired, in a predetermined directional orientation.  Alternatively, the

/5" termini of the ends of the nucleotide sequences to be linked by a type IB
topoisomerase according to a method of certain aspects of the invention

contain complementary 5' sequences wherein one of the sequences contains a
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5'overhanging sequence and the other nucleotide sequence contains a
complementary sequence at a blunt end of a 5' terminus, to facilitate the initial
association of the nucleotide sequences through strand invasion, including, if
desired, in a predetermined directional orientation. The term "5' overhang" or
"5' overhanging sequence” is used herein to refer to a strand of a nucleic acid
molecule that extends in a 5'direction beyond the terminus of the
complementary strand of the nucleic acid molecule. Conveniently, a
5' overhang can be produced as a result of site specific cleavage of a nucleic
acid molecule by a type IB topoisomerase (see Example 1). | /

[0255] Preferably, the 3' termini of the ends of the nucleotide sequences to be
linked by a type IA topoisomerase according to a method of certain aspects of
the invention contain complementary 3'overhanging sequences, which can
facilitate the initial association of the nucleotide sequences, including, if
desired, in a predetermined directional orientation.  Alternatively, the
3'termini of the ends of the nucleotide sequences to be linked by a
topoisomerase (e.g., a type IA or a type II topoisomerase) according to a
method of certain aspects of the invention contain complementary
3' sequences wherein one of the sequences contains a 3' overhanging sequence
and the other nucleotide sequence contains a complementary sequence at a
blunt end of a 3' terminus, to facilitate the initial association of the nucleotide
sequences through strand invasion, including, if desired, in a predetermined
directional orientation. The term "3' overhang" or "3' overhanging sequence"”
is used herein to refer to a strand of a nucleic acid molecule that extends in a
3" direction beyond the terminus of the complementary strand of the nucleic
acid molecule. Conveniently, a 3' overhang can be produced upon cleavage by
a type IA or type II topoisomerase.

[0256] The 3'or 5'overhanging sequences can have any sequence, though
generally the sequences are selected such that they allow ligation of a
predetermined end of one nucleic acid molecule to a predetermined end of a
second nucleotide sequence according to a method of the invention (Figure

9C, see, also Example 1.B). As such, while the 3'or 5'overhangs can be
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palindromic, they generally are not because nucleic acid molecules having
palindromic overhangs can associate with each other, thus reducing the yield
of a ds recombinant nucleic acid molecule covalently linked in both strands
comprising two or more nucleic acid molecules in a predetermined orientation.
For example, the 5' overhanging sequences of nucleic acid molecules shown in
Figure 9A are palindrome and, therefore, the association, for example, of a
first CMV element with a second CMV element through the AGCT overhang
is just as likely as the association of a CMV element with a GFP element
through the AGCT overhang. As such, the efficiency of generating a construct
comprising an operatively covalently linked construct containing, in order
from 5'to 3', a CMV element, a GFP element and a BGH element would be
reduced as compared to the efficiency of generating such a construct using the
elements as shown in Figure 9C. The elements shown in Figure 9B contain
palindromic overhangs at one end of the GFP element and at the end of the
BGH elemént shown énd, therefore, would be less efficient than the elements
of Figure 9C, but more efficient than those in Figure 9A, for generating the
desired construct.

[0257] A nucleotide sequence used in the methods and kits of the current
invention can be designed to contain a bridging phosphorothioate to prevent
religation after topoisomerase-cleavage. For example, where the
topoisomerase is E. coli topoisomerase I1I, the bridging phosphorothioate can
be incorporated between the two thymidines of the GCAACTT
cleavage/recognition sequence. When cleaved, the clipped sequence contains
a 3'-SH instead of a 3'-OH, thus preventing religation (see Burgin, et al, Nucl.
Acids Res. 23:2973-2979, 1995).

[0258] A nucleic acid molecule useful in a method or kit of an aspect of the
invention can be amplified by an amplification method such as PCR to contain
a topoisomerase recognition site at a 3' or 5' terminus of an end. Furthermore,
one or both primers used for PCR can be designed such that, upon cleavage of
an amplified nucleic acid molecule, the cleaved nucleic acid molecule contains

a 5" or 3' overhang at one or both ends. In one embodiment, PCR primers are
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designed such that the 5'overhanging sequence on a first nucleic acid
molecule is complementary to a 5'overhanging sequence on a second (or
other) nucleic acid molecule, thereby facilitating the association of the
nucleotide sequences, preferably in a predetermined orientation, whereupon
they can be covalently linked according to a method of the invention. In
accordance with the invention, by designing unique overhanging sequences for
the different nucleic acid molecule to be linked, any number of nucleic acid
molecules can be linked in a desired order and/or orientation.

[0259] It should be recognized that PCR is used in two ways with respect to
the methods of the invention. In one aspect, PCR primers are designed to
impart particular characteristics to a desired nucleic acid molecule, for
example, a nucleic acid molecule that encodes a transcriptional or translational
regulatory element or a coding sequence of interest such as an epitope tag or
cell compartmentalization domain. In this aspect, the PCR primers can be
designed such that, upon amplification, the nucleic acid molecule contains a
topoisomerase recognition site at one or both ends, as desired. As disclosed
herein, the PCR primer also can include an additional sequence such that,
upon cleavage of the amplification product by a site specific topoisomerase,
the cleaved nucleic acid molecule contains a 5' or 3' overhanging sequence at
the topoisomerase cleaved end. In an embodiment of the invention involving
a topoisomerase that binds and cleaves a 5'terminus (e.g., an embodiment
involving a type IA topoisomerase), the PCR primers can be designed to
contain a bridging phosphorothioate linkage (see above), which can block
religation after topoisomerase cleavage and can assist in the generation of a
topoisomerase charged amplification product.

[0260] Overhanging sequences generated using PCR can include a single
nucleotide overhang that is generated as an artifact of the PCR reaction. For
example, a polymerase such at Taq, which does not have a proof-reading
function and has an inherent terminal transferase activity, is commonly used,
and produces PCR products containing a single, non-template derived 3'A

overhang at each end. These amplification products can be linked to
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topoisomerase charged mnucleic acid molecules containing a single
3' T overhang or a single 3' dU overhang, which, for a T/A cloning reaction,
can be a vector (see U.S. Pat. Nos. 5,487,993 and 5,856,144, each of which is
incorporated herein by reference), at one or both ends, using the methods of
the invention.

[0261] PCR also is used to amplify a covalently linked ds recombinant nucleic
acid molecule covalently linked in one or both strands, generated by a method
of the invention. For example, as illustrated in Figure 13, a method of the
invention can generate an expressible ds recombinant nucleic acid molecule
from three substrate nucleic acid molecules, including a nucleotide sequence
comprising a promoter, a nucleotide sequence comprising a coding sequence,
and a nucleotide sequence comprising a polyadenylation signal. The
generation of the ds recombinant nucleic acid molecule can be facilitated by
the incorporation of complementary 3'(or 5') overhanging sequences at the
ends of the dsnucleotides sequences to be joined. For example, the
expressible ds recombinant nucleic acid molecule can be generated by
contacting a first nucleic acid molecule having a type IA topoisomerase at a
5'terminus of a first end and a type IB topoisomerase at a 3'terminus of a
second end with a second nucleic acid molecule and a third double stranded
nucleotide sequence. By designing a PCR primer pair containing a first
primer that is specific for a portion of the nucleotide sequence comprising the
promoter that is upstream from the promoter, and a second primer that is
specific for a portion of the nucleotide sequence comprising the
polyadenylation signal that is down stream of the signal, only a full length
functional ds recombinant nucleic molecule containing the promoter, coding
sequence and polyadenylation signal in the correct (predetermined) orientation
will be amplified. In particular, partial reaction products, for example,
containing only a promoter linked to the coding sequence, and reaction
products containing nicks are not amplified. Thus, PCR can be used to

specifically design a nucleic acid molecule such that it is useful in a method of
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the invention, and to selectively amplify only those reaction products having
the desired components and characteristics.

[0262] As used herein, the term "covalently linked," when used in reference to
a ds recombinant nucleic acid molecule, means that the nucleic acid molecule
is generated from at least two nucleic acid molecules that are ligated together,
in both strands, by a topoisomerase mediated ligation. It should be
recognized, for example, that a topoisomerase covalently bound to one of the
nucleic acid molecules to be covalently linked can be the same as or different
from the topoisomerase covalently bound to the other nucleic acid molecule.
Thus, a Vaccinia topoisomerase can be covalently bound to one nucleic acid
molecule and another poxvirus or eukaryotic nuclear type IB topoisomerase
can be bound to the other strand. Generally, however, the topoisomerases,
where different, are members of the same family, for example, type IA or type
IB or type II, although, where the topoisomerases are covalently bound, for
example, to a 5'phosphate and generate complementary 3'overhangs, the
topoisomerase can be from different families, for example, type IA and type IL

[0263] The term "covalently linked" also is used herein in reference to a single
stranded or double stranded nucleic acid molecule that is generated from at
least two nucleotide sequences that are ligated together in one strand. For
example, a ds recombinant nucleic acid molecule that is generated when a first
topoisomerase-charged nucleic acid molecule that includes one topoisomerase
bound at or near a 5' terminus contacts a second ds nucleotide sequence under
conditions such that the topoisomerases can covalently link the 5' terminus of
the first nucleic acid molecule to which it is bound, to the 3' terminus of the
second nucleic acid molecule, can generate a dsrecombinant nucleic acid
molecule covalently linked in one strand.

[0264] In one embodiment, a ds recombinant nucleic acid molecule covalently
linked in both strands generated according to a method of the invention does
not contain a nick in either strand at the site where two nucleotide sequences
are ligated, although it can contain nicks elsewhere in the molecule. In a

method for generating a dsrecombinant nucleic acid molecule covalently
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linked in one strand, a ds recombinant nucleic acid molecule is generated that
contains a nick at least at the position where ends were linked in the
complementary strands. This nicked dsrecombinant nucleic acid molecule
can be converted to a ds recombinant nucleic acid molecule covalently linked
in both strands by introducing the nicked dsrecombinant nucleic acid
molecule into a cell, or by subjecting the dsrecombinant nucleic acid
molecule to a ligation reaction, such as using a ligase, as is well known in the
art.

[0265] The term "recombinant" is used herein to refer to a nucleic acid
molecule that is produced by linking at least two nucleotide sequences
according to a method of the invention. As such, a ds recombinant nucleic
acid molecule encompassed within the present invention is distinguishable
from a nucleic acid molecule that may be produced in nature, for example,
during meiosis. For example, a dsrecombinant nucleic acid molecule
covalently linked in both strands generated according to a method of certain
aspects of the invention can be identified by the presence of the two
topoisomerase recognition sites, one present in each of the complementary
strands, at or near the site at which the nucleic acid molecules were joined.

[0266] A method of the invention can be performed by contacting a first
nucleic acid molecule having a first end and a second end, wherein at the first
end or second end or both, the first nucleic acid molecule has a topoisomerase
recognition site, or cleavage product thereof, at or near the 3' terminus and has
(or can be made to have, for example, by contact with a phosphatase) a
hydroxyl group at the 5'terminus of the same end; at least a second nucleic
acid molecule having a first end and a second end, wherein at the first end or
second end or both, the at least second nucleic acid molecule has a
topoisomerase recognition site, or cleavage product thereof, at or near the
3'terminus and has (or can be made to have) a hydroxyl group at the
5' terminus of the same end; and a topoisomerase, under conditions such that
the components are in contact and the topoisomerase can effect its activity.

Upon contact of the topoisomerase with the first and second (or other) nucleic
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acid molecules, and cleavage, where necessary, each nucleotide sequence
comprises at the cleavage site a covalently bound topoisomerase at the
3' terminus and has, or can have, a hydroxyl group at the 5' terminus such that,
upon contact, the first and at least second nucleotide sequences are covalently
linked in both strands. Accordingly, the invention provides a ds recombinant
nucleic acid molecule covalently linked in both strands produced by such a
method.

[0267] As used herein, the term "at or near," when used in reference to the
proximity of a topoisomerase recognition site to the 3' (type IB) or 5' (type IA
or type II) terminus of a nucleotide sequence, means that the site is within
about 1to 100 nucleotides from the 3'terminus or 5'terminus, respectively,
generally within about 1 to 20 nucleotides from the terminus, and particularly
within about 2 to 12 nucleotides from the respective terminus. An advantage
of positioning the topoisomerase recognition site within about 10to 15
nucleotides of a terminus is that, upon cleavage by the topoisomerase, the
portion of the sequence downstream of the cleavage site can spontaneously
dissociate from the remaining nucleotide sequence, which contains the
covalently bound topoisomerase (réferred to generally as "suicide cleavage";
see, for example, Shuman, supra, 1991; Andersen et al., supra, 1991). Where
a topoisomerase recognition site is greater than about 12 to 15 nucleotides
from the terminus, the nucleotide sequence upstream or downstream of the
cleavage site can be induced to dissociate from the remainder of the sequence
by modifying the reaction conditions, for example, by providing an incubation
step at a temperature above the melting temperature of the portion of the
duplex including the topoisomerase cleavage site.

[0268] An additional advantage of constructing a first or second (or other)
nucleic acid molecule to comprise, for e);ample, a type IB topoisomerase
recognition site about 2 to 15 nucleotides from one or both ends is that a
5' overhang is generated following cleavage of the nucleic acid molecule by a
site specific topoisomerase. Such a 5'overhanging sequence, which would

contain 2 to 15 nucleotides, respectively, can be designed using a PCR method
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as disclosed herein to have any sequence as desired. Thus, where a cleaved
first nucleic acid molecule is to be covalently linked to a selected second (or
other) nucleic acid molecule according to a method of the invention, and
where the selected sequence has a 5' overhanging sequence, the 5' overhang on
the first nucleic acid molecule can be designed to be complementary to the
5' overhang on the selected second (or other) ds sequence such that the two (or
more) sequences are covalently linked in a predetermined orientation due to
the complementarity of the 5' overhangs. As discussed above, similar methods
can be utilized with respect to 3'overhanging sequences generated upon
cleavage by, for example, a type IA or type 11 topoisbmerase.

[0269] As used herein, reference to a nucleotide sequence having "a first end"
and "a second end" means that the nucleotide sequence is linear. A substrate
nucleic acid molecule can be linear or circular, including supercoiled,
although, as a result of cleavage by one or more topoisomerases, a linear
topoisomerase-charged nucleic acid molecule generally is produced. For
example, a circular nucleic acid molecule containing two type IB
topoisomerase recognition sites within about 100 nucleotides of each other and
i1\1 the complementary strands, preferably within about twenty nucleotides of
each other and in the complementary strands, can be contacted with a site
specific type IB topoisomerase such that each strand is cleaved and the
intervening sequence dissociates, thereby generating a linear nucleic acid
molecule having a topoisomerase covalently bound to each end.

[0270] It should be recognized that reference to a first end or a second end of
a nucleic acid molecule is not intended to imply any particular orientation of
the nucleotide sequence, and is not intended to imply a relative importance of
the ends with respect to each other. Where a nucleotide sequence having a
first end and second end is a double stranded nucleotide sequence, each end
contains a 5'terminus and a 3'terminus. Thus, reference is made herein, for
example, to a nucleotide sequence containing a topoisomerase recognition site
at a 3' terminus and a hydroxyl group at the 5' terminus of the same end, which

can be the first end or the second end.
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[0271] A method of the invention can be performed using only a first nucleic
acid molecule and a second nucleic acid molecule, or can additionally include
a third, fourth or more nucleic acid molecules as desired. Generally, each such
nucleotide sequence contains a topoisomerase recognition site, or a cleavage
product thereof, at or near at least one 3' or 5'terminus, and can contain a
hydroxyl group at the 5' terminus of the same end, or a hydroxyl group can be
generated using a phosphatase. Where a nucleotide sequence does not contain
a topoisomerase recognition site at or near an end to be linked to a second
nucleotide sequence, a topoisomerase recognition site can be introduced into
the nucleotide sequence using a method as disclosed herein, for example, by
PCR amplification of the sequence using a primer comprising a complement
of the topoisomerase recognition site.

[0272] The terms "first nucleotide sequence,” "second nucleotide sequence,"
"third nucleotide sequence," and the like, are used herein only to provide a
means to indicate which of several nucleotide sequences is being referred to.
Thus, absent any specifically defined characteristic with respect to a particular
nucleotide sequence, the terms "first," "second," "third" and the like, when
used in reference to a nucleotide sequence, or a population or plurality of
nucleotide sequences, are not intended to indicate any particular order,
importance or other information about the nucleotide sequence. Thus, where
an exemplified method refers, for example, to using PCR to amplify a first
nucleic acid molecule such that the amplification product contains a
topoisomerase recognition site at one or both ends, it will be recognized that,
similarly, a second (or other) nucleic acid molecule also can be so amplified.

[0273] The term "at least a second nucleotide sequence” is used herein to
mean one or more nucleotide sequences in addition to a first nucleotide
sequence. Thus, the term can refer to only a second nucleotide sequence, or to
a second nucleotide sequence and a third nucleotide sequence (or more). As
such, the term "second (or other) nucleotide sequence" or second (and other)
nucleotide sequences" is used herein in recognition of the fact that the term "at

least a second nucleotide sequence" can refer to a second, third or more
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nucleotide sequences. It should be recognized that, unless indicated
otherwise, a nucleotide sequence encompassed within the meaning of the term
"at least a second nucleotide sequence" can be the same or substantially the
same as a first nucleotide sequence. For example, a first and second nucleic
acid molecule can be the same except for having complementary
5' overhanging sequences produced upon cleavage by a topoisomerase such
that the first and second nucleic acid molecules can be covalently linked using
a method of the invention. As such, a method of the invention can be used to
produce a concatenate of first and second nucleic acid molecules, which,
optionally, can be interspersed, for example, by a third nucleic acid molecule
such as a regulatory element, and can contain the covalently linked sequences
in a predetermined directional orientation, for example, each in a 5'to
3' orientation with respect to each other.

[0274] As disclosed herein, a method of the invention provides a means to
covalently link, two or more dsnucleotides in a predetermined directional
orientation. The term "directional orientation" or "predetermined directional
orientation" or "predetermined orientation" is used herein to refer to the
covalent linkage, of two or more nucleotide sequences in a particular order.
Thus, a method of the invention provides a means, for example, to covalently
link, a promoter regulatory element upstream of a coding sequence, and to
covalently link a polyadenylation signal downstream of the coding region to
generate a functional expressible ds recombinant nucleic acid molecule; or to
covalently link two coding sequences such that they can be transcribed and
translated in frame to produce a fusion polypeptide.

[0275] A method of the invention also can be performed by contacting a first
nucleic acid molecule having a first end and a second end, wherein at the first
end or second end or both, the first nucleic acid molecule has a type 1B
topoisomerase covalently bound at the 3'terminus (topoisomerase-charged)
and has (or can be made to have) a hydroxyl group at the 5'terminus of the
same end; and at least a second type IB topoisomerase-charged nucleic acid

molecule, which has (or can be made to have) a hydroxyl group at the
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5' terminus at the same end. Upon contact of the topoisomerase-activated first
and at least second nucleotide sequences at the ends containing the
topoisomerase and a 5' hydroxyl group, phosphodiester bonds are formed in
each strand, thereby generating a dsrecombinant nucleic acid molecule
covalently linked in both strands.

[0276] The invention further provides methods for linking two or more (e.g.,
two, three, four, five, six, seven, etc.) nucleotide sequences, wherein the linked
ds recombinant nucleic acid molecule is covalently linked in one strand, but
not both strands, (i.e. the ds recombinant nucleic acid molecule contains a nick
in one strand at each position where two ends were joined to generate the
ds recombinant nucleic acid molecule). Further, one or more of the nucleotide
sequences may comprise one or more recombination sites. Using the
schematic shown in Figure 11A for purposes of illustration, the invention
includes methods for linking at least two nucleotide sequences comprising
contacting a first nucleic acid molecule having a first end and a second end,
wherein at the first end at the second end or at both ends, the first nucleic acid
molecule has a site-specific type IA topoisomeraset covalently bound to the
5'termini; and a second nucleic acid molecule which does not have
topoisomerase covalently bound to either termini of at least one end. Further,
the second nucleotide sequence will typically have hydroxyl groups at the
3' termini of the end being joined to the first nucleic acid molecule. In many
instances, the two nucleotide sequences to be joined will have either 3'or
5'overhangs with sufficient sequence complementarity to allow for
hybridization. In related embodiments, the first and second nucleic acid
molecules described above may be first and second ends of the same nucleic
acid molecule. Thus, connection of the two ends results in the formation of a
circularized molecule. Once nucleic acid molecules are joined by the methods
described above, the resulting molecules may then be used in recombination
reactions, such as those described elsewhere herein. The invention further

includes nucleic acid molecules prepared by methods of the invention,
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compositions comprising such nucleic acid molecules, and methods for using
such nucleic acid molecules.

[0277] Using the schematic shown in Figure 11B for purposes of illustration,
the invention includes methods for joining three or more nucleotide sequences.
While any number of variations of the invention are possible, three nucleotide
sequences may be joined by the use of a linker molecule which contains
topoisomerases at or near both the 5' and 3' termini of one strand, and
optionally one or more recombination site. Thus, upon joining of the three
nucleotide sequences, a single nucleotide sequence is formed which contains a
first strand with no nicks at the junction points, and a second strand with nicks
at the junction points. This process has the advantage of employing a single
topoisomerase modified molecule to join three nucleotide sequences together.
Once nucleic acid molecules are joined by the methods described above, the
resulting molecules may then be used in recombination reactions, such as
those described elsewhere herein. The invention further includes nucleic acid
molecules prepared by methods of the invention, compositions comprising
such nucleic acid molecules, and methods for using such nucleic acid
molecules.

[0278] The invention further provides methods for covalently linking both
strands of two or more (e.g., two, three, four, five, six, seven, etc.) nucleic acid
molecules. Using the schematic shown in Figure 12A for purposes of
illustration, the invention includes methods for linking at least two nucleotide
sequences comprising contacting a first nucleic acid molecule having a first
end and a second end, wherein at the first end, at the second end, or at both
ends, the first nucleic acid molecule has two topoisomerases (e.g., a type IA
and a type IB topoisomerase) one each covalently bound to the 3'and
5'termini; and a second nucleic acid molecule which does not have
topoisomerase covalently bound to either termini of at least one end. Further,
the second nucleotide sequence will often have hydroxyl groups at the 5' and
3' termini of the end being joined to the first nucleic acid molecule. In many

instances, the two nucleotide sequences to be joined will have either 3'or
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5'overhangs with sufficient sequence complementarity to allow for
hybridization, and, optionally, one or more recombination sites. In related
embodiments, the first and second nucleic acid molecules as described above
can be first and second ends of the same nucleic acid molecule. Thus,
connection of the two ends results in the formation of a circularized molecule.
Once nucleic acid molecules are joined by the methods described above, the
resulting molecules may then be used in recombination reactions, such as
those described elsewhere herein. The invention further includes nucleic acid
molecules prepared by methods of the invention, compositions comprising
such nucleic acid molecules, and methods for using such nucleic acid
molecules.

[0279] Using the schematic shown in Figure 12D for purposes of illustration,
the invention includes methods for joining three or more nucleotide sequences.
While any number of variations of the invention are possible, three nucleotide
sequences may be joined by the use of a linker molecule which contains
topoisomerases at or near both the 5'and 3'termini of each end and,
optionally, one or more recombination sites. Thus, upon joining of the three
nucleotide sequences, a single nucleotide sequence is formed which contains
no nicks at the junction points. This process has the advantage of employing a
single topoisomerase modified molecule to join three nucleotide sequences
together. Once nucleic acid molecules are joined by the methods described
above, the resulting molecules may then be used in recombination reactions,
such as those described elsewhere herein. The invention further includes
nucleic acid molecules prepared by methods of the invention, compositions
comprising such nucleic acid molecules, and methods for using such nucleic
acid molecules.

[0280] Substrates which particular reagents (e.g., enzymes) recognize and/or
catalyze reactions with can be used in methods of the invention to produce
nucleic acid molecules having particular characteristics. For example,
reagents which catalyze nucleic acid modifications may recognize termini

and/or generate termini having particular features. One example of such a
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feature is the presence or absence of a terminal phosphate group on the 3' or 5'
strand. Such reagents, or combinations of such reagents, may be used to
prepare, for example, nucleic acid molecules (1) from particular segments
and/or (2) having a specific "pattern” of nicks (e.g., a nick in only one strand
where two or more segments are joined, nicks in alternating strands where
three or more segments are joined, etc.) or having no nicks in either strand.

[0281] Reagents (e.g., enzymes) which can be used in methods of the
invention include, but are not limited to, the following: ligases (e.g., DNA and
RNA Ligases such as T4 DNA Ligase, T4 RNA ligase, E. coli DNA ligase,
etc.), restriction enzymes (e.g., EcoR1, Hpall, BamHI, etc.), kinases (e.g., T4
polynucleotide kinase, etc.), phosphatases (e.g., calf intestinal alkaline
phosphatase), topoisomerases, and polymerases (e.g., proof-reading
polymerases such as Pfi, Pfx, THERMALACE™ (Invitrogen Corp., Carlsbad,
CA), etc.), and non-proof-reading polymerases such as Tag polymerase, TfI
polymerase, Tth polymerase, Thr polymerase, etc.).

[0282] The cleavage of nucleic acid molecules by many endonucleases (e.g.,
restriction endonucleases) results in the formation of two new ends, wherein a
hydroxyl group is present at the 3' terminus of one end and a phosphate group
is present at the 5' terminus of the other end. Also, when exonucleases (e.g.,
snake venom phosphodiesterase, bovine spleen phosphodiesterase, E. coli
exonuclease VII, lambda exonuclease, E. coli exonuclease III, etc.) digest
nucleic acid molecules, they often generate ends with (1) 5' terminal hydroxyl
groups and 3' terminal phosphate groups or (2) 3' terminal hydroxyl groups
and 5' terminal phosphate groups. Further, exonucleases typically digest only
a single stranded of a nucleic acid molecule but can use either single stranded
and/or double stranded nucleic acids as substrates. In addition, exonucleases
(e.g., exonucleases used in methods of the invention) may digest nucleic acid
molecules from the 3' terminus, 5' terminus, or both the 3' and 5' termini.
Also, kinases (e.g., T4 polynucleotide kinase, etc.) may be used to replace 5'
and/or 3' terminal hydroxyl groups of nucleic acid molecules with phosphate

groups.
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[0283] Many polymerases used for the amplification of nucleic acid
molecules, for example, by PCR, generate nucleic acid products having 3'
terminal hydroxyl groups. In addition, the presence or absence of a phosphate
group, or other chemical group, at the 5' terminus of a PCR product is
typically determined by whether the primer used in the PCR reaction(s)
contains a 5' terminal phosphate or other chemical group. Thus, 5' terminal
phosphate groups, hydroxyl groups, or other groups can be introduced into
PCR products by the use of primers which contain these groups at their 5'
termini. ‘As a result, PCR can be used to generate nucleic acid molecules (i.e.,
the first nucleic acid molecule referred to below) which contain a desired
arrangement of hydroxyl groups, phosphate groups and/or other groups on the
5” and/or 3’ termini of one or both ends of a linear nucleic acid molecule (e.g.,
5' phosphate group and a 3' hydroxyl group at one end and a 5' hydroxyl group
and a 3' hydroxyl group at the other end).

[0284] Each of the enzymes types listed above represents a general class of
tools which can be used to generate nucleic acid molecules having particular
characteristics (e.g., having a desired arrangement of hydroxyl, phosphate
and/or other groups on the 3’ and/or 5° termini of one or more ends). For
example, double stranded, linear nucleic acid molecules may be prepared in
which the 5' terminus and the 3' terminus at one end each contain terminal
hydroxyl groups and the 5' terminus and the 3' terminus at the other end each
contain terminal phosphate groups. Such ends may be prepared using the
enzymes discussed above and/or other reagents and methods known in the art.

[0285] Thus, the present invention contemplates the construction and use of
nucleic acid segments having particular characteristics (e.g., having a desired
arrangement of hydroxyl, phosphate and/or other groups on the 3’ and/or 5’
termini of one or more ends). Such nucleic acids inclﬁde, but are not limited
to, double-stranded, linear nucleic acid molecules which have first and second

ends with the characteristics set out in Table 4.



WO 03/103600 PCT/US03/18036
-134 -
Table 4.
First End Second End
5' Terminus 3' Terminus 5' Terminus 3' Terminus

Phosphate Group | Phosphate Group | Phosphate Group | Phosphate Group
Phosphate Group | Phosphate Group | Phosphate Group | Hydroxyl Group
Phosphate Group | Phosphate Group | Hydroxyl Group [ Phosphate Group
Phosphate Group | Phosphate Group | Hydroxyl Group | Hydroxyl Group

. Hydroxyl Group | Hydroxyl Group | Phosphate Group | Phosphate Group

Hydroxyl Group | Hydroxyl Group | Phosphate Group | Hydroxyl Group
‘I;_Iydroxyl Group | Hydroxyl Group | Hydroxyl Group | Phosphate Group |

-Hydroxyl Group | Hydroxyl Group" | Hydroxyl Group | Hydroxyl Group
Hydroxyl Group | Phosphate Group | Phosphate Group | Phosphate Group
Hydroxyl Group | Phosphate Group | Phosphate Group | Hydroxyl Group
Hydroxyl Group | Phosphate Group | Hydroxyl Group | Phosphate Group
Hydroxyl Group | Phosphate Group | Hydroxyl Group | Hydroxyl Group
Phosphate Group | Hydroxyl Group | Phosphate Group | Phosphate Group
Phosphate: Group | Hydroxyl Group | Phosphate Group | Hydroxyl Group
Phosphate Group | Hydroxyl Group | Hydroxyl' Group | Phosphate Group -
Phosphate Group | Hydroxyl Group | Hydroxyl Group | Hydroxyl Group -

[0286] Nucleic acid molecules having a desired arrangement of hydroxyl,
phosphate and/or other groups on the 3* and/or 5’ termini of one or more ends
can be directionally linked to other nucleic acid molecules using linking
reactions which require, for example, the presence of a particular group on one
or more termini of the molecule (e.g., either a 5' hydroxyl group or a 5'
phosphate group and/or a 3’ hydroxyl group or a 3’ phosphate group).
[0287] A number of reagents which catalyze the linkage of nucleic acid

segments to each other will generally only recognize termini with particular
chemical groups (e.g., @ hydroxyl group or a phosphate group) present. For
example, T4 DNA ligase will catalyze the ligation of the 3' terminus of an end
of a nucleic acid molecule to the 5' terminus of a separate end of the same
nucleic acid molecule or of a different nucleic acid molecule, when the 5'
terminus contains a terminal phosphate group. Further, a number of
topoisomerases (e.g., a type IB topoisomerases) will cleave and bind to the 3'
terminus of the end of a nucleic acid molecule and catalyze the linkage of this

3! terminus to the 5' terminus of the end of the same nucleic acid molecule or

of a different nucleic acid molecule, when the 5' end contains a terminal



WO 03/103600 PCT/US03/18036

-135-

hydroxyl group. Additionally, a number of topoisomerases (e.g., a type IA
topoisomerases) will cleave and bind to the 5' terminus of the end of a nucleic
acid molecule and catalyze the linkage of this 5' terminus to the 3' terminus of
the end of the same nucleic acid molecule or of a different nucleic acid
molecule, when the 3' end contains a terminal hydroxyl group.

[0288] One example of such a linking reaction is where a first nucleic acid
molecule having a desired arrangement of groups on one or more termini (for
example, a 5’ phosphate on one terminus and a 5’ hydroxyl on the other
terminus) is linked to a second nucleic acid molecule that contains a type IB
toposiomerase molecule covalently attached to a phosphate group at the 3'
terminus of only one end of the molecule, i.e., attached to the 3’ terminus of
one strand of a double-stranded nucleic acid molecule. In such an instance,
the 3' terminus of the end of the second nucleic acid molecule that contains the
bound toposiomerase can only be joined to the 5' terminus of the end of the
first nucleic acid molecule that contains the hydroxyl group. Thus, these two
nucleic acid molecules can only be covalently linked in one orientation.

[0289] A linear double stranded nucleic acid molecule which has phosphate
groups at both of the 5' and 3' termini at both ends (see Table 4) may be
generated by any number of methods. One example of methods which may be
used to produce such molecules involves chemical synthesis of both strands of
the double stranded nucleic acid molecule. These individual strands may then
be mixed under conditions which allow for the formation of the double
stranded molecule.

[0290}] Using reagents referred to above, as well as other reagents, nucleic
acid molecules with various chemical groups at their termini can be covalently
linked to each other in one or both strands. For example, a first nucleic acid
segment which contains a 5' terminal phosphate group and a 3' terminal
phosphate group with a type IB toposiomerase bound to it at one end may be
linked in both strands to a second nucleic acid segment which contains 5' and
3' terminal hydroxyl groups at one end. In this instance, the 3' terminus of first

nucleic acid segment which contains the toposiomerase molecule bound to it
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may be joined to the 5' terminus of the end of the second nucleic acid
molecule. This linking reaction may be catalyzed by the bound topoisomerase
molecule. Further, the 5' terminus of the same end of the first nucleic acid
segments may be covalently linked to the 3' terminus of the end of the second
nucleic acid segment to which it is joined by a ligase (e.g., T4 DNA ligase).
As a second example, a first nucleic acid segments is prepared with a "sticky
end" (i.e., an overhang) generated by digestion with a restriction endonuclease
that leaves a 5' terminal phosphate group present on the "sticky end". The first
nucleic acid segment is contacted with a second nucleic acid segment which
contains a compatible "sticky end" and a toposiomerase molecule bound to the
5' terminus of this "sticky end". The result is the covalent connection of these
two nucleic acid segments in a single strand. Further, the nick in the other
strand at the junction point may be sealed by the inclusion of a ligase, such as
T4 DNA ligase, in the reaction mixture.

[0291] Any number of variations of the above are possible depending on the
available ends and the reagents used to prepare nucleic acid segments with
ends for ligation by particular mechanisms or catalyzed by particular reagents.
One example of such a variation is where the 5' terminus of the "sticky end" of
the first nucleic acid molecule referred contains a hydroxyl group (e.g., the 5'
phosphate is removed by a phosphatase) and the second nucleic acid molecule
contain a type IB topoisomerase bound to the 3' terminus of the compatible
"sticky end".

[0292] Thus, enzymes used to generate termini of nucleic acid molecules (e.g.,
by amplification, by cleavage of a larger molecule, etc.) can be selected such
that termini suitable for "downstream" reactions (e.g., ligation reactions) may
be generated. One example of such a process is shown in the upper portion of
Figure 41 and described as follows. A nucleic acid molecule may be
amplified by PCR using a proofreading polymerase (e.g., Pfx, Pfu, etc.) which
generates amplification products having predominantly blunt ends (i.e., neither
terminus of the amplification product has an overhanging adenine or other

residue) and 3' terminal hydroxyl groups at both ends. Blunt ended linkers
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which contain (1) nucleic acid of a T7 promoter and (2) a molecule of type IB
topoisomerase linked at or near the 3' terminus of the end downstream of the
promoter element (see Figure A). The 5' terminus of the end of the linker
which contains the covalently bound topoisomerase contains a terminal
phosphate. The result of the linking reaction, when conducted in the presence
of T4 DNA ligase, is nucleic acid molecules which are covalently linked in
both strands at the junction point where the T7 promoter element is joined to
the PCR product. As one skilled in the art would recognize, the process set
out above and in Figure 41 may be performed with nucleic acid segments
other than promoters and PCR products. In other words, essentially any
nucleic acid segments may be used. Example of nucleic acid molecules which
may be used in methods of the invention include those which have termini
such as those set out in Table 4. Also, non-proof-reading polymerases (e.g.,
Tag polymerase) may be used to generate the PCR product and the linkers
containing the T7 promoter element may have a "T" overhang for use in T/A
cloning.

[0293] Further, the invention is not limited to methods for connecting two
nucleic acid segments. Thus, the invention also includes methods for
connecting two or more nucleic acid segments to each other, wherein at each
connection point the nucleic acid segments are covalently linked to each other
in either one or both strands. The invention further includes nucleic acid
molecules prepared by methods of the invention, as well as compositions and
reaction mixtures which contain the reaction products and reaction precursors
(e.g., nucleic acid segments which are to be connected to each other by
methods of the invention).

[0294] The process shown in Figure 41 for the linkage of two nucleic acid
segments is non-directional. In other words, the two segments will be
connected to each other without regard to orientation. Methods of the
invention further include those directed to the selection, isolation and/or
preparation of nucleic acid molecules which contain two or more (e.g., two,

three, four, five, six eight, ten, etc.) nucleic acid molecules connected in a
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particular order and/or orientation. In performing these methods, joining
reactions may be designed, for example, so that nucleic acid segments are
connected to each other (1) in a particular order or orientation or (2) without
regard to orientation and then assembled nucleic acid molecules which contain
two or more segments connected to each other in a particular order and/or
orientation are selected and/or isolated.

[0295] One example of a method for performing the second process referred
to immediately above is shown in Figure 41. The process shown in Figure 41
involves the conmnection of two nucleic acid molecules using methods
described elsewhere herein, followed by the amplification of nucleic acid
molecules which contain segments connected in a particular orientation. The
amplification process employs primers (i.e., primers A and B) which hybridize
to different stands and at opposite ends of the linkage product which is sought.
Thus, when the T7 promoter is connected to the PCR product in one
orientation (e.g., the desired orientation), primers A and B hybridize to
opposite strands and can be used to amplify the nucleic acid molecule.
However, when the T7 promoter is connected to the PCR product in the other
orientation (e.g., the non-desired orientation), primers A and B hybridize to
the same strand and can not be used to amplify the nucleic acid molecule.

[0296] Thus, the invention includes, in part, methods for selectively
amplifying nucleic acid molecules based on the order and/or orientation of
nucleic acid segments which are joined by methods described elsewhere
herein. In particular aspects, these methods involve performing amplification
reactions in the presence of two or more primers which have been selected to
amplify one or more desired nucleic acid molecules assembled using methods
described elsewhere herein. Nucleic acid molecules selectively amplified by
methods of the invention may be assembled by the joining of two or more
nucleic acid segments. As one skilled in the art would recognize, the selective
amplification process described above can be used to amplify nucleic acid
molecules which are assembled from three, four, five, six, seven, etc. nucleic

acid segments. When three or more nucleic acid segments selectively
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amplified by methods described above, only those which contain the segments
corresponding to the primers in the proper orientation will be amplified.
Nucleic acid molecules which contain the correct segments and segments in
the proper order may be selected and/or isolated by the use of additional
processes. For example, if nucleic acid segments 1, 2, and 3 are connected to
each other by methods of the invention, then assembled nucleic acid segments
containing nucleic acid segments 1 and 3 in the desired orientation can be
selectively amplified using primers corresponding to sequences present in
segments 1 and 3. Further, separation of nucleic acid molecules to obtain
those which are of the size represented by nucleic acid molecules comprising
segments 1, 2, and 3 may be performed to isolate these molecules. In such an
instance, depending on how the nucleic acid segments are assembled, segment
2 could be in either one particular orientation or in both orientations Any
number of such methods may be performed to obtain assembled nucleic acid
molecules which contain nucleic acid segments connected to each other in a
desired orientation and/or order. The invention further includes reaction
mixtures and compositions for performing the methods described above, as
well as nucleic acid molecules generated by these methods.

[0297] In the embodiment of the invention shown in Figure 41, it is not
necessary to covalently link both strands at the junction between the linker
containing the T7 Promoter element and the PCR product. After the first
round of amplification, both strands will be represented in the population
because, even if one strand contains a nick, the first round of amplification
will generate a full-length nucleic acid strand corresponding to the nicked
strand. Thus, both primers will hybridize to nucleic acid strands in the second
and subsequent rounds of amplification. As a result of the above, the T4 DNA
ligase may be omitted from the methods schematically represented in
Figure 41.

[0298] Again using the process shown in Figure 41 for reference, when a
nucleic acid molecule is prepared as shown in the upper portion of Figure 41,

it may be desirable to link both strands of the nucleic acid segments being
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joined when the product nucleic acid molecule is to be directly used (e.g.,
without one or more additional rounds of amplification) in a process such as
transcription.  This is so because strand separation occurs during the
transcription process and the presence of a nick in one of the strands often
interferes with the transcription process. Thus, when nucleic acid molecules
assembled as shown in Figure 41 are intended for use for transcription, it will
often be desirable to generate nucleic acid molecules in which both strands are
covalently linked at the junction between the nucleic acid segments. One
exception to the above is where the template strand does not contain a nick
after linking of the nucleic acid segments being joined. In other words, in
instances where the template strand is not nicked, transcription will efficiently
occur even if a nick is present in the non-template strand.

[0299] The invention further provides methods for performing topoisomerase
mediated joining reactions and recombination reactions which can be
performed in either a single tube or multiple tubes. For instance, all of the
components necessary to perform both topoisomerase mediated joining
reactions and recombination reactions can be combined in one tube and both
reactions can occur essentially simultaneously. Examples of
topoisomerase/recombination reactions which can be performed in either a
single tube or in multiple tubes are shown in Figures 35-40. Thus, in
particular embodiments, the invention provides single tube reactions in which
(1) one or more nucleic acid molecules or two ends of one nucleic acid
molecule are linked to each other by a topoisomerase mediated reaction and
(2) one or more recombination sites undergo recombination with one or more
other recombination sites. Any number of toposiomerase mediated joining
reaction and/or recombination reactions may occur in processes of the
invention. Further, these reactions may occur in any order. In particular
embodiments, one or more nucleic acid molecules in reaction mixtures of the
invention will contain (1) one or more recombination sites and (2) one or more

topoisomerases or one or more topoisomerase recognition sites.
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[0300] As explained below in Example 9, in certain instances, topoisomerases
have been found to inhibit particular recombination reactions. In such
instances, nucleic acid molecules which have undergone toposiomerase
mediated joining reaction(s) may be separated from topoisomerases present in
the reaction mixture and then may used as substrates for recombination
reaction(s). Often in such instances, the topoisomerase mediated joining
reaction(s) and the recombination reaction(s) will occur in separate tubes.
Examples of process by which products of topoisomerase mediated joining
reactions may be separated from topoisomerase include, but are not limited to,
phenol/chloroform extraction, typically followed by precipitation of the
nucleic acid (e.g., ethanol precipitation), and chromatography (e.g., column
chromatography).

[0301] Alternatively, topoisomerases present in the reaction mixture may be
inactivated, for example, by heating (e.g., heating to about 65°C for about 60
min., about 70°C for about 60 min., about 75°C for about 60 min., about 70°C
for about 40 min., about 75°C for about 40 min., about 80°C for about 40
min., about 80°C for about 30 min., about 85°C for about 20 min., about 90°C
for about 15 min., about 95°C for about 5 min. or about 99°C for about 1 min.)
or by the use of proteases (e.g., proteinase K). In this instance, it will
generally be possible for the topoisomerase mediated joining reaction(s) and
the recombination reaction(s) to occur in the same tube.

[0302] In specific embodiments of single tube reactions, two or more nucleic
acid segments, each comprising one or more topoisomerases or toposiomerase
recognition sites are joined to each other using a topoisomerase mediated
joining reaction (e.g., a topoisomerase mediated joining reaction). After
which, the tube is heated to about 85°C for about 20 min. and one or more
recombinases are added. Further, if one or more of the two or more nucleic
acid segments do not comprise recombination sites or if recombination with
additional nucleic acid segments is desired, then nucleic acid segments which

comprise one or more recombination sites may be added. Typically, the
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recombination sites present in the tube will be ones which are capable of
recombining with each other.

[0303] In other specific embodiments of single tube reactions, two or more
nucleic acid segments undergo recombination catalyzed by one or more
recombinases. After recombination has occurred, toposiomerase is then added
to the tube to facilitate topoisomerase mediated joining of nucleic acid
segments. As above, additional nucleic acid segments may, optionally, be
added to the reaction mixture along with the topoisomerase. Further, when
nucleic acid segments to which one or more toposiomerases are attached are
added to the reaction mixture, it will often not be necessary to add additional
topoisomerase. Thus, in particular embodiments, topoisomerase modified
nucleic segments may be added to the above reaction mixtures and, depending
on the particular reaction conditions, additional topoisomerase may or may not
be added.

[0304] The invention also provides methods for preparing nucleic acid
molecules which contain one or more (e.g., one, two, three, four, five, six, etc.)
multiple cloning sites. For example, one or more nucleic acid segments used
in methods of the invention may comprise one or more multiple cloning sites.
As another example, multiple cloning sites may be added to nucleic acid
segments used to prepare nucleic acid molecules by methods of the invention
or to nucleic acid molecules prepared by methods of the invention by the
attachment of linkers which contain one or more multiple cloning sites. In
related aspects, the invention includes nucleic acid molecules prepared by
methods of the invention which contain one or more multiple cloning sites, as
well as the use of one or more these multiple éloning sites to modify nucleic
acid molecules prepared by methods of the invention. The invention also
provides nucleic acid molecules produced by the methods described above, as

well as uses of these molecules and compositions comprising these molecules.
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VIRAL VECTORS

[0305] The invention further provides methods for preparing nucleic acid
molecules having regions of viral nucleic acids, as well as nucleic acid
molecules prepared by such methods and compositions comprising these
nucleic acid molecules.

[0306] Adenoviruses are viral vectors that can be used, for example, in gene
therapy. Adenoviruses are especially attractive vehicles for delivering genes
to respiratory epithelia and the use of such vectors are included within the
scope of the invention. Adenoviruses naturally infect respiratory epithelia
where they cause a mild disease. Other targets for adenovirus-based delivery
systems are liver, the central nervous system, endothelial cells, and muscle.
Adenoviruses have the advantage of being capable of infecting non-dividing
cells. Kozarsky and Wilson, Current Opinion in Genetics and Development
3:499-503 (1993), present a review of adenovirus-based gene therapy. Bout et
al., Human Gene Therapy 5:3-10 (1994), demonstrated the use of adenovirus
vectors to transfer genes to the respiratory epithelia of rhesus monkeys. Other
instances of the use of adenoviruses in gene therapy can be found in Rosenfeld
et al., Science 252:431-434 (1991); Rosenfeld et al., Cell 68:143-155 (1992);
Mastrangeli et al., J. Clin. Invest. 91:225-234 (1993); PCT Publication Nos.
W094/12649 and WO 96/17053; U.S. Patent No. 5,998,205; and Wang et al,
Gene Therapy 2:775-783 (1995), the disclosures of all of which are
incorporated herein by reference in their entireties.

[0307] Adeno-associated virus (AAV) and Herpes viruses, as well as vectors
prepared from these viruses have also been proposed for use in gene therapy
(Walsh et al., 1993, Proc. Soc. Exp. Biol. Med. 204:289-300; U.S. Patent No.
5,436,146, Wagstaff et al, Gene Ther. 5:1566-70 (1998)). Herpes viral
vectors are particularly useful for applications where gene expression is
desired in nerve cells.

[0308] The invention thus includes methods for preparing nucleic acid
molecules which have one or more functional properties of viral vectors (e.g.,

adenoviral vectors, alphaviral vectors, herpes viral vectors, adeno-associated
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viral vectors, etc.). In particular embodiments, methods of the invention
include the joining of nucleic acid segments, wherein one or more of the
nucleic acid segments contains regions which confer upon product nucleic
acid molecules the ability to function as viral vectors (e.g., the ability to
replicate in specific host cells, the ability to be packaged into viral particles,
etc.).

[0309] In particular embodiments, the invention includes methods for
preparing adenoviral vectors by joining at least one (e.g., one, two, three, four,
etc.) nucleic acid segment which comprises adenoviral sequences to one or
more other nucleic acid segments. Specific examples of adenoviral vectors,
and nucleic acid segments which can be used to prepare adenoviral vectors are
disclosed in U.S. Patent Nos. 5,932,210, 6,136,594, and 6,303,362, the entire
disclosures of which are incorporated herein by reference. Adenoviral vector
prepared by methods of the invention may be replication competent or
replication deficient.

[0310] One example of an adenoviral vector may be prepared by joining a
nucleic acid segment comprising adenoviral nucleic acid to one or more other
nucleic acid segments. For example, when a replication deficient adenoviral
vector is desired, the adenoviral nucleic acid may have deletions of all or part
of one or more of the following regions: the Ela region, the E1b region, and/or
the E3 region. Adenoviral vectors which contain deletions in these regions are
described, for example, in U.S. Patent No. 6,136,594. The invention further
includes adenoviral vectors prepared by methods of the invention, as well as
uses of these vectors and compositions comprising these vectors. One
example of a use of adenoviral vectors prepared by methods of the invention
include the delivery of nucleic acid segments to cells of a mammal (e.g., a
human). Thus, the invention provides methods for preparing vector suitable
for use in gene therapy protocols. Typically, such vectors will be replication
deficient.

[0311] In specific embodiments, adenoviral vectors of the invention will

comprise substantially the entire adenoviral genome with the exception that



WO 03/103600 PCT/US03/18036

- 145 -

are deletions of all or part of one or more of the following regions: the Ela
region, the E1b region, and/or the E3 region. In further specific embodiments,
non-adenoviral nucleic acid may be present in one or more of the Ela region,
the E1b region, and/or the E3 region.

[0312] In particular embodiments, adenoviral vectors prepared by methods of
the invention will contain at least one origin of replication and/or a selection
marker which allows for amplification of the vector in prokaryotic cells, such
as E. coli.

[0313] Adeno-associated viral vectors and Herpes viral vectors may be
prepared by methods of the invention which are similar to those described
above. Thus, the invention further provides methods for preparing such
vectors, as well as vectors produced by these methods, uses of these vectors,
and compositions comprising these vectors.

[0314] The invention further provides methods for preparing alphaviral
vectors (e.g., Sindbis virus vectors, Semliki Forest virus vectors, Ross River
virus vectors, Venezuelan equine encephalitis virus vectors, Western equine
encephalitis virus vectors, Eastern equine encephalitis virus vectors, etc.), as
well as alphaviral vectors prepared by such methods, methods employing
these alphaviral vectors and compositions comprising these alphaviral vectors.

[0315] In particular embodiments, the invention includes methods for
preparing alphaviral vectors by joining at least one nucleic acid segment
which comprises alphaviral sequences to one or more other nucleic acid
segments. Specific examples of alphaviral vectors and nucleic acids which
can be used to prepare alphaviral vectors are described in U.S. Patent Nos.
5,739,026 and 6,224,879, the GibcoBRL's Instruction Manual No. 10179-018,
"SFV Gene Expression System", and Sindbis Expression System manual
(Invitrogen Corporation, Carlsbad, CA), catalog no. K750-01 (version E), the
entire disclosures of which are incorporated herein by reference.

[0316] In specific embodiments, alphaviral vector sequences used in methods
of the invention to prepare alphaviral vectors will comprise one or more of the

following components: one or more packaging signals (which may or may not
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be of alphaviral origin), one or more subgenomic promoters, and/or nucleic
acid encoding one or more non-structural protein (e.g., nspl, nsp2, nsp3, nsp4,
etc.).

[0317] Alphaviral vectors of the invention may be introduced into cells as
DNA or RNA molecules. When DNA forms of such vectors are introduced
into cells, expression control sequences (e.g., inducible, repressible or
constitutive expression control sequences) may then be used to generate RNA
molecules from which one or more non-structural proteins may be translated.
In specific embodiments, these non-structural proteins will form an RNA-
dependent RNA polymerase which will amplify RNA molecules
corresponding to all or part of the transcript generated from the DNA form of
the alphaviral vector. Thus, these non-structural proteins may catalyze the
production of additional copies of RNA molecules from RNA templates,
resulting in RNA amplification. Further, a nucleic acid segment for which
high levels of expression is desired may be operably linked to a subgenomic
promoter, thus resulting in the production of high levels of RNA
corresponding to the nucleic acid segment.

[0318] In one exemplary embodiment, alphaviral vectors prepared by methods
of the invention comprise DNA wherein an inducible promoter directs
transcription of an RNA molecule which encodes nspl, nsp2, nsp3, and nsp4
of a Sindbis virus and a Sindbis subgenomic promoter operatively linked to a
nucleic acid segment which is not of Sindbis viral origin. The invention also
provides alphaviral vectors prepared by methods of the invention, methods of
using such alphaviral vectors, and compositions comprising such alphaviral
vectors.

[0319] The invention further provides methods for joining nucleic acid
segments wherein one or more of the nucleic acid segments contains one or
more (e.g., one, two, three, four, etc.) viral packaging signal (e.g., one or more
packaging signal derived from a virus referred to above). These packaging
signals can be used to direct the packaging of nucleic acid molecules prepared

by methods of the invention. One method for preparing packaged nucleic acid
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molecules is by the introduction or expression of nucleic acid molecules of the
invention into packaging cell lines which express proteins suitable for the
production of virus-like particles. The invention further includes packaged
nucleic acid molecules of the invention, methods for preparing packaged
nucleic acid molecules of the invention, and compositions comprising
packaged nucleic acid molecules of the invention.

[0320] The present invention also provides compositions, and kits containing
such compositions, including kits containing component useful for performing
methods of the invention. In one aspect, a composition of the invention
comprises isolated components characteristic of a step of a method of the
invention. For example, a composition of the invention can comprise two or
more of the same or different topoisomerase-charged nucleic acid molecules.
As used herein, the term "different," when used in reference to the nucleic acid
molecules of a composition of the invention, means that the nucleic acid
molecules share less than 95% sequence identity with each when optimally
aligned, generally less than 90% sequence identity, and usually less than 70%
sequence identity. Thus, nucleic acid molecules that, for example, differ only
in being polymorphic variants of each other or that merely contain different
5'or 3'overhanging sequences are not considered to be "different" for
purposes of a composition of the invention. In comparison, different nucleic
acid molecules are exemplified by a first sequence encoding a polypeptide and
second sequence comprising a regulatory element, or a first sequence
encoding a first polypeptide a second sequence encoding a non-homologous
polypeptide.

[0321] Where a composition of the invention comprises more than two
different isolated nucleic acid molecules or more than two different
topoisomerase-charged nucleic acid molecules, each of the nucleic acid
molecules is different from each other, i.e., they are all different from each
other. However, it will be recognized that each of the nucleic acid molecules,
for example, a sequence referred to as a first nucleic acid molecule, generally

comprises a population of such nucleotide sequences, which are identical or
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substantially identical to each other. Thus, it should be clear that the term
"different” is used in comparing, for example, a first (or population of first)
nucleic acid molecules with a second (and other) nucleic acid molecule. A
composition comprising two or more different topoisomerase-charged nucleic
acid molecules can further comprise a topoisomerase. Examples of such
nucleic acid molecules comprising the components of a composition of the
invention are disclosed herein and include, for example, coding sequences,
transcriptional regulatory element, translational regulatory elements, elements
encoding a detectable or selectable markers such as an epitope tag or an
antibiotic resistance gene, elements encoding polypeptide domains such as cell
compartmentalization domains or signal peptides, and the like.

[0322] As used herein, the term "isolated" means that a molecule being
referred to is in a form other than that in which it exists in nature. In general,
an isolated nucleotide sequence, for example, can be any nucleotide sequence
that 1s not part of a genome in a cell, or is separated physically from a cell that
normally contains the nucleotide sequence. It should be recognized that
various compositions of the invention comprise a mixture of isolated nucleic
acid molecules. As such, it will be understood that the term "isolated" only is
used in respect to the isolation of the molecule from its natural state, but does
not indicate that the molecule is an only constituent.

[0323] A composition of the invention can comprise two different nucleic acid
molecules, each of which contains a topoisomerase recognition site at or near
one or both ends, and a site specific topoisomerase, which can bind to and
cleave the nucleic acid molecules at the topoisomerase recognition site.
Optionally, at least one of the different nucleic acid molecules can be a
topoisomerase-charged nucleic acid molecule. Preferably, the topoisomerase
covalently bound to the topoisomerase-charge nucleic acid molecule is of the
same family as the topoisomerase in the composition.

[0324] Various combinations of components can be used in a method of the
invention. For example, the method can be performed by contacting a

topoisomerase-activated first nucleic acid molecule, which optionally
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comprises one or more recombination sites; a second nucleic acid molecule
having a first end and a second end, wherein at the first end or second end or
both, the second nucleotide sequence has a topoisomerase recognition site at
or near the 3'terminus, and a hydroxyl group at the 5' terminus of the same
end; and a topoisomerase. Where the 5'terminus of one or both ends to be
linked has a 5' phosphate group, a phosphatase also can be contacted with the
components of the reaction mixture. Upon such contacting, the topoisomerase
can cleave the second nucleotide sequence to produce a topoisomerase-
activated second nucleic acid molecule, the phosphatase, if necessary, can
generate a 5'hydroxyl group at the same end, and the second nucleic acid
molecule then can be covalently linked to the topoisomerase-activated first
nucleic acid molecule. As such, it will be recognized that a composition of the
invention can comprise any of various combinations of components useful for
performing a method of the invention. Once nucleic acid molecules are joined
by the methods described above, the resulting molecules may then be used in
recombination reactions, such as those described elsewhere herein. The
vinvention further includes nucleic acid molecules prepared by methods of the
invention, compositions comprising such nucleic acid molecules, and methods
for using such nucleic acid molecules.

[0325] In general, a method of the invention for generating a ds recombinant
nucleic acid molecule covalently linked in both strands is based on the
determination that a ds recombinant nucleic acid molecule covalently linked in
both strands can be produced by contacting a first nucleic acid molecule with a
second nucleic acid molecule, wherein the first and second sequences each
have, at the ends to be linked, a topoisomerase recognition site, for example,
5'-(C/T)CCTT-3' (Shuman, supra, 1991; U.S. Pat. No. 5,766,891). Upon
cleavage, the site specific topoisomerase is covalently bound at the
3' terminus. Where the cleaved nucleotide sequences also contain a 5' hydroxy
group at the same end as the bound topoisomerase, and the ends of the two

nucleotide sequences associate, the topoisomerase on each 3'terminus can
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covalently link that terminus to a 5'hydroxyl group on the associated
nucleotide sequence (see Figure 12B).

[0326] As used herein, reference to contacting a first nucleotide sequence and
at least a second nucleotide sequence "under conditions such that all
components are in contact" means that the reaction conditions are appropriate
for the topoisomerase-cleaved ends of the nucleotide sequences to come into
sufficient proximity such that a topoisomerase can effect its enzymatic activity
and covalently link the 3' or 5' terminus of a first nucleotide sequence to a 5' or
3' terminus, respectively, of a second nucleotide sequence. Examples of such
conditions, which include the reaction temperature, ionic strength, pH, and the
like, are disclosed herein, and other appropriate conditions as required, for
example, for particular 5'overhanging sequences of the termini generated
upon topoisomerase cleavage, can be determined empirically or using
formulas that predict conditions for specific hybridization of nucleotide
sequences, as is well known in the art (see, for example, (Sambrook et al.,
Molecular Cloning: A laboratory manual (Cold Spring Harbor Laboratory
Press 1989); Ausubel et al., Current Protocols in Molecular Biology, John
Wiley and Sons, Baltimore, MD (1987, and supplements through 1995), each

of which is incorporated herein by reference).

[0327] In one embodiment, a method of the invention provides a means to
render an open reading from a cDNA or an isolated genomic DNA sequence
expressible by operatively linking one or more regulatory elements to the
putative coding sequence. Accordingly, a first nucleic acid molecule
comprising an open reading frame can be amplified by PCR using a primer
pair that generates an amplified first nucleic acid molecule having a
topoisomerase recognition site at one or both ends and, optionally, one or more
recombination sites, as desired, such that, upon cleavage by the site specific
topoisomerase, one or both ends contains a defined 5'or 3'overhang or is
blunt. Where both ends of the amplified first nucleic acid molecule are so
constructed, the 5' or 3' overhanging sequences generally, but not necessarily,

are different from each other. The amplified first nucleic acid molecule then
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can be contacted with a second nucleic acid molecule comprising a desired
regulatory element such as a promoter and, in certain embodiments, (a) one or
more topoisomerase recognition sites, and with a topoisomerase and/or (b) one
or more recombination sites, under conditions which facilitate recombination,
such that the second nucleotide sequence is operatively covalently linked to
the 5' end of the coding sequence according to a method of the invention.
[0328] In such a method, a second (or other) nucleic acid molecule also can
comprise two or more regulatory elements, for example, a promoter, an
internal ribosome entry site and an ATG initiator methionine codon, or the
like, or other sequence of interest, for example, an sequence encoding an
epitope tag, in operative linkage with each other, and which can be operatively
_covalently linked to the 5'end of a first nucleic acid molecule comprising a
coding sequence. Such a method can further include contacting a third nucleic
acid molecule comprising, for example, a polyadenylation signal, which can
be operatively covalently linked according to a method of the invention to the
3'end of the coding sequence, thereby generating an expressible
ds recombinant nucleic acid molecule. As such, a method of the invention
provides a means for generating a functional dsrecombinant nucleic acid
molecule that can be transcribed, translated, or both as a functional unit. As
disclosed herein, the inclusion of complementary 5'or 3'overhanging
sequences generated by topoisomerase cleavage at the termini of the nucleic
acid molecules to be linked together by the site specific topoisomerase
facilitates the generation of a ds recombinant nucleic acid molecule having a
desired directional orientation of the nucleotide sequences in the construct.
[0329] In another embodiment, a method of the invention is performed such
that the first nucleic acid molecule or a second (or other) nucleic acid
molecule, or combination thereof, is one of a plurality of nucleotide
sequences. As used herein, the term "plurality," when used in reference to a
first or at least a second nucleotide sequence, means that the nucleotide
sequences are related but different. For purposes of the present invention, the

nucleotide sequences of a plurality are "related" in that each nucleotide
\
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sequence in the plurality contains at least a topoisomerase recognition site, or
a cleaved form thereof, at one or more termini and/or at least one
recombination site. Furthermore, the nucleotide sequences of a plurality are
"different” in that they can comprise, for example, a ¢cDNA library, a
combinatorial library of nucleotide sequences, a variegated population of
nucleotide sequences, or the like. Methods of making cDNA libraries,
combinatorial libraries, libraries comprising variegated populations of
nucleotide sequences, and the like are well known in the art (see, for example,
U.S. Pat. No. 5,837,500; U.S. Pat. No. 5,622,699; U.S. Pat. No. 5,206,347; Scott
and Smith, Science 249:386-390, 1992; Markland et al., Gene 109:13-19, 1991;
O’Connell et al., Proc. Natl. Acad. Sci., USA 93:5883-5887, 1996; Tuerk and
Gold, Science 249:505-510, 1990; Gold et al., Ann. Rev. Biochem. 64:763-

797, 1995; each of which is incorporated herein by reference).

[0330] The present invention further provides a method of generating a
ds recombinant nucleic acid molecule covalently linked in both strands by
amplifying a portion of a first nucleotide sequence using a PCR primer pair,
wherein at least one primer of the primer pair encodes a topoisomerase
recognition site or a complement thereof and, optionally, one or more
recombination sites, thereby producing a first nucleic acid molecule having a
first end and a second end, wherein the first end or second end or both has a
topoisomerase recognition site at the 3'terminus and/or the 5'terminus; and
contacting the first nucleic acid molecule with at least a second nucleic acid
molecule having a first end and a second end, wherein the first end or second
end or both has a topoisomerase recognition site at the 3' terminus and/or the
5' terminus, or a cleavage product thereof; and a topoisomerase (see Figure
12). When contacted under conditions such that an end of the first nucleic
acid molecule having a topoisomerase recognition site and an end of the at
least second nucleic acid molecule having a topoisomerase recognition site can
associate, a ds recombinant nucleic acid molecule covalently linked in both
strands is generated. Once nucleic acid molecules are joined by the methods

described above, the resulting molecules may then be used in recombination
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reactions, such as those described elsewhere herein. The invention further
includes nucleic acid molecules prepared by methods of the invention,
compositions comprising such nucleic acid molecules, and methods for using
such nucleic acid molecules.

[0331] As disclosed herein, a PCR method using primers designed to
incorporate one or more topoisomerase recognition sites and, optionally, one
or more recombination sites at one or both ends of an amplified nucleic acid
molecule provides a convenient means for producing nucleic acid molecules
useful in a method of the invention. In certain embodiments, at least one of
the primers of a primer pair is designed such that it comprises, in a 5'to
3' orientation, a nucleotide sequence complementary to a topoisomerase
recognition site, such that PCR introduces a functional recognition site in the
opposite strand (see primer sequences in Figure 9D), and a nucleotide
sequence complementary to the 3'end of a target nucleic acid molecule to be
amplified (i.e., a target specific region). In addition, the primer can contain, in
a position 5'to the complement of the topoisomerase recognition site, a
desired nucleotide sequence of any length (generally about 1 to 100
nucleotide, usually about 2 to 20 nucleotides, and particularly about 4 to 12
nucleotides), which, upon cleavage of the amplification product by a site
specific topoisomerase, forms a desired 5' overhang. The second primer of the
PCR primer pair can be complementary to a desired sequence of the
nucleotide sequence to be amplified, and can comprise a complement to a
topoisomerase recognition site, a sequence that would generate a 5' overhang
upon cleavage by a site specific topoisomerase, or any other sequence, as

- desired,

[0332] Such a primer can comprise or encode any other sequence of interest,
including, for example, a site specific integration recognition site such as an
att site, a lox site, or the like, or, as discussed above, can simply be used to
introduce a topoisomerase recognition site into a nucleic acid molecule
comprising such a sequence of interest. A dsrecombinant nucleic acid

molecule generated according to a method of the invention and containing a
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site specific integration recognition site such as an att site or lox site can be
integrated specifically into a desired locus such as into a vector, a gene locus,
or the like, that contains the required integration site, for example, an att site
or lox site, respectively, and upon contact with the appropriate enzymes
required for the site specific event, for example, lambda Int and IHF proteins |
or Cre recombinase, respectively. The incorporation, for example, of attB or
attP sequences into a ds recombinant nucleic acid molecule covalently linked
in both strands according to a method of the invention allows for the
convenient manipulation of the nucleic acid molecule using the GATEWAY™
Cloning System (Invitrogen Corporation, Carlsbad, CA).

[0333] In one embodiment, a construct generated according to a method of the
invention is further amplified by a PCR reaction or other amplification
reaction. Direct PCR of a ds recombinant nucleic acid molecule generated
according to a method of the invention is possible because the construct is
covalently linked in at least one strand. As such, PCR can be used to generate
a large amount of the construct. More importantly, as indicated above, PCR
provides an in vitro selection method for obtaining only a desired product
generated according to a method of the invention, without obtaining partial
reaction products. For example, a method of the invention can be used to
generate a ds recombinant nucleic acid molecule covalently linked in both
strands comprising, operatively linked in a 5'to 3'orientation, a first nucleic
acid molecule comprising a promoter, a second nucleic acid molecule
comprising a coding region, and a third nucleic acid molecule comprising a
polyadenylation signal.

[0334] As disclosed herein, a construct having a predetermined orientation can
be generated by including complementary 5'overhanging sequences on the
ends of the nucleic acid molecules to be joined. By selecting a PCR primer
pair including a first primer complementary to the first nucleic acid molecule
and upstream of the promoter sequence, and a second primer complementary
to the third nucleic acid molecule and downstream of the polyadenylation

signal, a functional amplification product comprising the promoter, coding
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region and polyadenylation signal can be generated. In contrast, partial
reaction products that lack either the first nucleic acid molecule or third
ds nucleotide is not amplified because either the first or second primer,
respectively, would not hybridize to the partial product. In addition, a
construct lacking the second nucleic acid molecule would not be generated
due to the lack of complementarity of the 5' overhanging sequences of the first
and third nucleic acid molecules. As such, a method of the invention provides
a means to obtain a desired functional ds recombinant nucleic acid molecule
covalently linked in both strands.

[0335] The use of PCR in such a manner further provides a means to screen a
large number of nucleic acid molecules generated according to a method of the
invention in order to identify constructs of interest. Since methods for
utilizing PCR in automated high throughput analyses are routine and well
known, it will be recognized that the methods of the invention can be readily
adapted to use in a high throughput system. Using such a system, a large
number of constructs can be screened in parallel, and partial or incomplete
reaction products can be identified and disposed of, thereby preventing a waste
of time and expense that would otherwise be required to characterize the
constructs or examine the functionality of the constructs in further studies.

[0336] The methods of the invention have broad application to the field of
molecular biology. As discussed in greater detail below, the methods of the
invention can be used, for example, to label DNA or RNA probes, to perform
directional cloning (see Example 1.B), to generate sense or antisense RNA
molecules (see Example 2.A), to prepare bait or prey constructs for
performing a two hybrid assay (see Example 2.C), to prepare linear expression
elements (see Examples 2.A and 2.B), and to prepare constructs useful for
coupled in vitro transcription/translation assays (see Example 2.B). For
example, a method of generating ds recombinant nucleic acid molecules
covalently linked in both strands provides a means to generate linear
expression elements (LEEs), which consist of a linear nucleic acid molecule

comprising two or more nucleotide sequences such as a promoter or other
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regulatory element linked to an open reading frame (see Example 1). LEEs
have been reported to efficiently transfect cells, thus bypassing a requirement
for cloning the expression element in a vector (Sykes and Johnston, Nat.
Biotechnol. 17:355-359, 1999). The components of a LEE can be
noncovalently linked, or can be covalently linked via a ligation reaction. The
preparation of noncovalently linked LEEs requires using PCR primers
containing deoxyuridine residues to amplify each nucleotide sequence
component, then treating the PCR products with uracil-DNA glycosylase to
generate overhanging ends that can hybridize. However, the efficiency of
transfection using such noncovalently linked LEEs is variable, and, in some
cases, much lower than the efficiency of covalently linked LEEs (Sykes and
Johnston, supra, 1999). Furthermore, such LEEs are not suitable for use as
templates for PCR amplification because the primer extension reaction cannot
proceed past nicks in the template and, therefore, is terminated producing
incomplete reaction products.

[0337] A method of the invention provides a straightforward and simple
means to generate covalently linked LEEs, thereby avoiding the inconvenient
and additional steps previously described for preparing a LEE, as well as
reducing variability in transfection efficiency as observed using noncovalently
linked LEEs. For example, a first nucleic acid molecule, which encodes an
open reading frame of interest, can be amplified by PCR as disclosed herein to
contain a topoisomerase recognition site, or cleavage product thereof, on one
or both ends. Furthermore, the PCR primers can be designed such that, upon
cleavage of the amplified first nucleic acid molecule by a site specific
topoisomerase, the cleavage product contains a predetermined and desired
5' overhanging sequence. A second nucleotide sequence (and a third or more,
as desired), in addition to containing a topoisomerase recognition site, or
cleavage product thereof, can include or encode a regulatory element, for
example, a promoter, an enhancer, a silencer, a splice acceptor site, a
translation start site, a ribosome recognition site or internal ribosome entry

site, a polyadenylation signal, an initiator methionine codon, or a STOP codon,
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or can encode any other desired sequence such as an epitope tag or cell
compartmentalization domain. Preferably, the second (or other) nucleic acid
molecule to be covalently linked to the first nucleic acid molecule has a
5' overhanging sequence that is complementary to the 5' overhang at the end of
the first nucleic acid molecule to which it is to be linked. Upon contact of
such nucleotide sequences in presence of a topoisomerase a promoter, for
example, can be operatively covalently linked to the 5'terminus of the open
reading frame, and a polyadenylation signal can be operatively covalently
linked to the 3'terminus of the open reading frame, thereby generating a
covalently linked functional LEE (see Example 1).

[0338] Examples of regulatory elements useful in the present invention are
disclosed herein and include transcriptional regulatory elements, translational
regulatory elements, elements that facilitate the transport or localization of a
nucleotide sequence or polypeptide in (or out of) a cell, elements that confer a
detectable phenotype, and the like. Transcriptional regulatory elements
include, for example, promoters such as those from cytomegalovirus, Moloney
leukemia virus, and herpes virus, as well as those from the genes encoding
metallothionein,  skeletal  actin, phosphoenolpyruvate carboxylase,
phosphoglycerate, dihydrofolate reductase, and thymidine kinase, as well as
promoters from viral long terminal repeats (LTRs) such as Rous sarcoma virus
LTR and operators; enhancers, which can be constitutively active such as an
immunoglobulin enhancer, or inducible such as SV40 enhancer; and the like.
For example, a metallothionein promoter is a constitutively active promoter
that also can be induced to a higher level of expression upon exposure to a
metal ion such as copper, nickel or cadmium ion. In comparison, a
tetracycline (tet) inducible promoter is an example of a promoter that is
induced upon exposure to tetracycline, or a tetracycline analog, but otherwise
is inactive. A transcriptional regulatory element also can be a tissue specific
regulatory element, for example, a muscle cell specific regulatory element,
such that expression of an encoded product is restricted to the muscle cells in

an individual, or to muscle cells in a mixed population of cells in culture, for
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example, an organ culture. Muscle cell specific regulatory elements including,
for example, the muscle creatine kinase promoter (Sternberg et al., Mol. Cell.
Biol. 8:2896-2909, 1988, which is incorporated herein by reference) and the
myosin light chain enhancer/promoter (Donoghue et al., Proc. Natl. Acad.
Sci., US4 88:5847-5851, 1991, which is incorporated herein by reference) are

well known in the art. Other tissue specific promoters, as well as regulatory

elements only expressed during particular developmental stages of a cell or
organism are well known in the art.

[0339] In additional embodiments, the regulatory elements contained in the
nucleotide sequences used in or produced by the practice of the invention can
be one or more operators. A number of operators are known in the art. An
example of an operator suitable for use with the invention is the tryptophan
operator of the tryptophan operon of E. coli. The tryptophan repressor, when
bound to two molecules of tryptophan, binds to the E. coli tryptophan operator
and, when suitably positioned with respect to the promoter, blocks
transcription. Another example of an operator suitable for use with the
invention is operator of the E. coli tetracycline operon. Components of the
tetracycline resistance system of E. coli have also been found to function in
eukaryotic cells and have been used to regulate gene expression. For example,
the tetracycline repressor, which binds to tetracycline operator in the absence
of tetracycline and represses gene transcription, has been expressed in plant
cells at sufficiently high concentrations to repress transcription from a
promoter containing tetracycline operator sequences (Gatz et al., Plants 2:397-
404 (1992)). The tetracycline regulated expression systems are described, for
example in U.S. Patent No. 5,789,156, the entire disclosure of which is
incorporated herein by reference. Additional examples of operators which can
be used with the invention include the Lac operator and the operator of the
molybdate transport operator/promoter system of E. coli (see, e.g., Cronin et
al., Genes Dev. 15:1461-1467 (2001) and Grunden et al, J. Biol. Chem.,
274:24308-24315 (1999)).
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[0340] Thus, in particular embodiments, the invention provides methods for
preparing nucleic acid molecules that contain one or more operators which can
be used to regulate expression in prokaryotic or eukaryotic cells. As one
skilled in the art would recognize, when a nucleic acid molecule which
contains an operator is placed under conditions in which transcriptional
machinery is present, either in vivo or in vitro, regulation of expression will
often be modulated by contacting the nucleic acid molecule with a repressor
and one or more metabolites which facilitate binding of an appropriate
repressor to the operator. Thus, the invention further provides methods for
preparing nucleic acid molecules which encode repressors which modulate the
function of operators, as well as nucleic acid molecules produced by these
methods, compositions comprising these molecules, and uses of these
molecules and compositions.

[0341] Regulatory or other elements useful in generating a construct
according to a method of the invention can be obtained in various ways. In
particular, many of the elements are included in commercially available
vectors and can be isolated therefrom and can be modified to contain a
topoisomerase recognition site at one or both ends, for example, using a PCR
method as disclosed herein. In addition, the sequences of or encoding the
elements useful herein generally are well known and disclosed in publications.
In many cases, the elements, for example, many transcriptional and
translational regulatory elements, as well as cell compartmentalization
domains, are relatively short sequences and, therefore, are amenable to
chemical synthesis of the element or a nucleotide sequence encoding the
element. Thus, in one embodiment, an element comprising a composition of
the invention, useful in generating a ds recombinant nucleic acid molecule
according to a method of the invention, or included within a kit of the
invention, can be chemically synthesized and, if desired, can be synthesized to
contain a topoisomerase recognition site at one or both ends of the element
and, further, to contain an overhanging sequence following cleavage by a site

specific topoisomerase.



WO 03/103600 PCT/US03/18036

- 160 -

[0342] A topoisomerase-charged vector can be generated in the following
manner (Genome Res. 9: 383-392, 1999): A vector is linearized with a
restriction enzyme that leaves "sticky ends". Using a ligase such as T4 DNA
ligase, adapter oligonucleotides are ligated to both ends, and both strands, of
the linearized DNA. The adapter oligonucleotides contain and position a 5'-
CCCTT-3' Vacccinia topoisomerase type I recognition sequence such that it
can be cleaved by topoisomerase and trap the covalent topoisomerase-DNA
complex at each 3' end of the vector. The adapted vector is then incubated
with purified Vaccinia topoisomerase and an annealing oligonucleotide that
complete the "topoisomerase sites" at each end of the vector. The annealing
oligonucleotide acts to leave a break, or nick, in the "bottom” strand opposite
the last T in the 5-CCCTT-3' containing oligonucleotide. The oligonucleotide
adapter fragments that are "downstream" of the topoisomerase cleavage site
(the "leaving groups") are released upon topoisomerase cleavage and are
removed in the topoisomerase-vector purification process. In the absence of
the 5' hydroxyl from the "leaving group", topoisomerase is trapped in a
covalent complex with the DNA ends to produce a topoisomerase-charged
vector.

[0343] Where nucleic acid molecules are to be covalently linked according to
a method of the invention, the nucleotide sequences generally are operatively
linked such that the recombinant nucleic acid molecule that is generated has a
desired structure and performs a desired function or encodes a desired
expression product. As used herein, the term "operatively linked" means that
two or more nucleotide sequences are positioned with respect to each other
such that they act as a unit to effect a function attributable to one or both
sequences or a combination thereof. The term "operatively covalently linked"
is used herein to refer to operatively linked nucleotide sequences generated
according to a method of the invention for generating a ds recombinant nucleic
acid molecule covalently linked in one or both strands. For example, a
nucleotide sequence containing an open reading frame can be operatively

linked to a promoter such that the promoter confers its regulatory effect on the
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open reading frame similarly to the way in which it would effect expression of
an open reading frame that it normally is associated with in a genome in a cell.
Similarly, two or more nucleotide sequences comprising open reading frames
can be operatively linked in frame such that, upon transcription and
translation, a chimeric fusion polypeptide is produced.

[0344] Although a ds recombinant nucleic acid molecule covalently linked in
one or both strands, generated according to a method of the invention
generally is linear, the construct generated also can be a circularized
ds recombinant nucleic acid molecule. Furthermore, a circular ds recombinant
nucleic acid molecule can be generated such that it has the characteristics of a
vector, and contains, for example, regulatory elements required for replication
in a prokaryotic host cell, a eukaryotic host cell, or both, and can contain a
nucleotide sequence encoding a polypeptide that confers antibiotic resistance
or the like. An advantage of such a method is that the generated
ds recombinant nucleic acid molecule, which is circularized according to a
method of the invention, can be transformed or transfected into an appropriate
host cell, wherein the construct is amplified. Thus, in addition to an in vitro
method such as PCR, which can be used to generate large amounts of a linear
ds recombinant nucleic acid molecule generated according to a method of the
invention, an in vivo method using a host cell can be used for obtaining a large
amount of a circularized product generated according to a method of the
invention. Such elements including bacterial origins of replication, antibiotic
resistance genes, and the like, which comprise a topoisomerase recognition
site according to the present invention, can be useful components to include in
a kit of the invention as disclosed herein.

[0345] It should be recognized that a linear dsrecombinant nucleic acid
molecule covalently linked in one or both strands, also can be cloned into a
vector, which can be a plasmid vector or a viral vector such as a
bacteriophage, baculovirus, retrovirus, lentivirus, adenovirus, vaccinia virus,
semliki forest virus and adeno-associated virus vector, all of which are well

known and can be purchased from commercial sources (Promega, Madison
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WI; Stratagene, La Jolla CA; GIBCO/BRL, Gaithersburg MD). If desired, the
vector can be linearized and modified according to a method of the invention,
for example, using a PCR method, to contain a topoisomerase recognition site,
or cleavage product thereof, at one or both 3' termini, or can be constructed by
one skilled in the art (see, generally, Meth. Enzymol., Vol. 185, Goeddel, ed.
(Academic Press, Inc., 1990); Jolly, Canc. Gene Ther. 1:51-64, 1994; Flotte, J.
Bioenerg. Biomemb. 25:37-42, 1993; Kirshenbaum et al., J. Clin. Invest.

92:381-387, 1993; each of which is incorporated herein by reference).

[0346] Viral expression vectors can be particularly useful where a method of
the invention is practiced for the purpose of generating a ds recombinant
nucleic acid molecule covalently linked in one or both strands, that is to be
introduced into a cell, particularly a cell in a subject. Viral vectors provide the
advantage that they can infect host cells with relatively high efficiency and can
infect specific cell types or can be modified to infect particular cells in a host.

[0347] Viral vectors have been developed for use in particular host systems
and include, for example, baculovirus vectors, which infect insect cells;
retroviral vectors, other lentivirus vectors such as those based on the human
immunodeficiency virus (HIV), adenovirus vectors, adeno-associated virus
(AAV) vectors, herpesvirus vectors, vaccinia virus vectors, and the like, which
infect mammalian cells (see Miller and Rosman, BioTechniques 7:980-990,
1992; ‘Anderson et al., Nature 392:25-30 Suppl., 1998; Verma and Somia,
Nature 389:239-242, 1997; Wilson, New Engl. J. Med. 334:1185-1187 (1996),

each of which is incorporated herein by reference). For example, a viral
vector based on an HIV can be used to infect T cells, a viral vector based on an
adenovirus can be used, for example, to infect respiratory epithelial cells, and
a viral vector based on a herpesvirus can be used to infect neuronal cells.
Other vectors, such as AAV vectors can have greater host cell range and,
therefore, can be used to infect various cell types, although viral or non-viral
vectors also can be modified with specific receptors or ligands to alter target

specificity through receptor mediated events.
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[0348] A method of the invention can be used to operatively covalently link a
first nucleic acid molecule containing an open reading frame to a second (and
other) nucleic acid molecule containing an open reading frame such that a
nucleic acid molecule encoding a chimeric polypeptide is generated. The
chimeric polypeptide comprises a fusion polypeptide, in which the two (or
more) encoded peptides (or polypeptides) are translated into a single product,
i.e., the peptides are covalently linked through a peptide bond. For example, a
first nucleic acid molecule can encode a cell compartmentalization domain,
such as a plasma membrane localization domain, a nuclear localization signal, a
mitochondrial membrane localization signal, an endoplasmic reticulum
localization signal, or the like, or a protein transduction domain such as the
human immunodeficiency virus TAT protein transduction domain, which can

 facilitate translocation of a peptide linked thereto into a cell (see Schwarze et al.,
Science 285:1569-1572, 1999; Derossi et al., J. Biol. Chem. 271:18188, 1996;
Hancock et al., EMBO J. 10:4033-4039, 1991; Buss et al., Mol. Cell. Biol.
8:3960-3963, 1988; U.S. Pat. No. 5,776,689 each of which is incorporated

herein by reference). Such a domain can be useful to target a fusion polypeptide
comprising the domain and a polypeptide encoded by a second nucleic acid
molecule, to which it is covalently linked according to a method of the invention,
to a particular compartment in the cell, or for secretion from or entry into a cell.
As such, the invention provides a means to generate ds recombinant nucleic acid
molecules covalently linked in both strands that encode a chimeric polypeptide.
[0349] A fusion polypeptide expressed from a nucleic acid molecule generated
according to a method of the invention also can comprise a peptide having the
characteristic of a detectable label or a tag such that the express fusion
polypeptide can be detected, isolated, or the like. For example, a nucleic acid
molecule containing a topoisomerase recognition site, or cleavage product
thereof, as disclosed herein, can encode an enzyme such as alkaline
phosphatase, B-galactosidase, chloramphenicol acetyltransferase, luciferase, or
other enzyme; or can encode a peptide tag such as a polyhistidine sequence

(e.g., hexahistidine), a V5 epitope, a c-myc epitope; a hemagglutinin A
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epitope, a FLAG epitope, or the like. Expression of a fusion polypeptide
comprising a detectable label can be detected using the appropriate reagent,
for example, by detecting light emission upon addition of luciferin to a fusion
polypeptide comprising luciferase, or by detecting binding of nickel ion to a
fusion polypeptide comprising a polyhistidine tag. Similarly, isolation of a
fusion polypeptide comprising a tag can be performed, for example, by
passing a fusion polypeptide comprising a myc epitope over a column having
an anti-c-myc epitope antibody bound thereto, then eluting the bound fusion
polypeptide, or by passing a fusion polypeptide comprising a polyhistidine tag
over a nickel ion or cobalt ion affinity column and eluting the bound fusion
polypeptide. Methods for detecting or isolating such fusion polypeptides will
be well known to those in the art, based on the selected detectable label or tag
(see, for example, Hopp etal., BioTechnology 6:1204, 1988; U.S. Pat.

No. 5,011,912; each of which is incorporated herein by reference).

[0350] A method of the invention also can be used to detectably label a
nucleotide sequence with a chemical or small organic or inorganic moiety such
that the nucleotide sequence is useful as a probe. For example, a nucleic acid
molecule, which has a topoisomerase recognition site, or cleavage product
thereof, at a 3' terminus, can have bound thereto a detectable moiety such as a
biotin, which can be detected using avidin or streptavidin, a fluorescent
compound (e.g., Cy3, Cy5, Fam, fluorescein, or rhodamine), a radionuclide
(e.g., sulfur-35, technicium-99, phosphorus-32, or tritium), a paramagnetic
spin label (e.g., carbon-13), a chemiluminescent compound, or the like, such
that, upon generating a covalently linked double stranded recombinant nucleic
acid molecule according to a method of the invention, the generated nucleic
acid molecule will be labeled. Methods of detectably labeling a nucleotide
sequence with such moieties are well known in the art (see, for example,
Hermanson, "Bioconjugate Techniques" (Academic Press 1996), which is
incorporated herein by reference). Furthermore, a detectable label can be used
to allow capture of a ds nucleic acid molecule that is generated by the present

invention. Finally, a detectable label, for example biotin, can be used to block
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ligation of a topoisomerase-charged end of a first nucleic acid molecule to a
labeled end of a second nucleic acid molecule, thus providing a method to
direct ligation to the unlabelled end of the second nucleic acid molecule. It
should be recognized that such elements as disclosed herein or otherwise
known in the art, including nucleotide sequences encoding cell
compartmentalization domains, or detectable labels or tags, or comprising
transcriptional or translation regulatory elements can be useful components of
a kit as disclosed herein.

[0351] A method of the invention provides a means to conveniently generate
ds recombinant nucleic acid molecules that encode chimeric polypeptides
useful, for example, for performing a two hybrid assay. In such a method, the
first nucleic acid molecule encodes a polypeptide, or a relevant domain
thereof, that is suspected of having or being examined for the ability to interact
specifically with one or more other polypeptides. The first nucleic acid
molecule is modified as disclosed herein to contain a topoisomerase
recognition site at one or both ends and, if desired, a 5' overhanging sequence.
The second nucleic acid molecule, to which the first nucleic acid molecule is
to be covalently-linked according to a méthod of the invention, can encode a
transcription activation domain or a DNA binding domain (Example 2.C), and
contains a topoisomerase recognition site, or cleavage product thereof, and a
5" overhanging sequence complementary to that at the end of the first nucleic
acid molecule to which it is to be linked. Upon contact with a topoisomerase,
if the nucleotide sequences are not already topoisomerase-charged, a first
hybrid useful for performing a two hybrid assay (see, for example, Fields and
Song, Nature 340:245-246, 1989; U.S. Pat. No. 5,283,173; Fearon et al., Proc.
Natl. Acad. Sci., US4 89:7958-7962, 1992; Chien et al., Proc. Natl. Acad. Sci.,
USA 88:9578-9582, 1991; Young, Biol. Reprod. 58:302-311(1998), each of

which is incorporated herein by reference), or modified form of a two hybrid

assay such as the reverse two hybrid assay (Leanna and Hannink, Nucl. Acids
Res. 24:3341-3347, 1996, which is incorporated herein by reference), the
repressed transactivator system (U.S. Pat. No. 5,885,779, which is
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incorporated herein by reference), the protein recruitment system (U.S. Pat.
No. 5,776,689, which is incorporated herein by reference), and the like, is
generated. Similar methods are used to generate the second hybrid protein,
which can comprise a plurality of polypeptides to be tested for the ability to
interact with the polypeptide, or domain thereof, of the first hybrid protein.

[0352] Similarly, such a method of generating a chimeric protein can be
performed according to a method of the current invention for generating a
ds recombinant nucleic acid molecule covalently linked in one strand, using
first and second nucleic acid molecules comprising a site-specific
topoisomerase recognition site (e.g., a type IA or a type II topoisomerase
recognition site), or cleavage product thereof, at least at one 5' terminus of an
end to be joined, wherein the nucleic acid molecules can further comprise
complementary 3' overhangs upon cleavage by the topoisomerase.

[0353] Similarly, such a method of generating a chimeric protein can be
performed according to a method of the current invention for generating a
ds recombinant nucleic acid molecule covalently linked in both strands using
first and second nucleic acid molecules comprising a topoisomerase
recognition site, or cleavage product thereof, at least at the 5' terminus of the
ends to be joined, wherein the nucleic acid molecules can further comprise
complementary 3' overhangs upon cleavage by the topoisomerase; or one of
the first or second nucleic acid molecules can comprise topoisomerase
recognition sites, or cleavage products thereof, at the 5'terminus and the
3' terminus of at least one end, and the other nucleic acid molecule can contain
a 3'hydroxyl group and a 5'hydroxyl group at the end to be joined, and
wherein, upon cleavage by the topoisomerases, the topoisomerase-charged
nucleic acid molecule can contain a 5' or 3' overhang that is complementary to,
and facilitates hybridization to, a 5'or 3' overhang, respectively, or a blunt
end, at the end of the other nucleic acid molecule to be joined.

[0354] In an alternative embodiment, the present invention also provides a
method for the directional insertion of DNA fragments into cloning or

expression vectors with the ease and efficiency of topoisomerase-mediated



WO 03/103600 PCT/US03/18036

- 167 -

cloning. This invention also has advantages over current cloning systems
because it decreases the laborious screening process necessary to identify
cloned inserts in the desired orientation. This aspect of the invention consists,
in its simplest form, of a linearized expression vector having a single
topoisomerase molecule covalently attached at both 3’ ends. At least one end
of the linearized vector contains a 5’ single-stranded overhang, while the
opposite end can be either blunt, possess a single 3’ T extension for T/A
cloning, or may itself contain a second 5’ single-stranded overhang sequence.
These single-stranded sequence overhangs are alternatively referred to herein
as “SSS” and may consist of any convenient sequence.

[0355] Construction of a topoisomerase-charged cloning vector according to
this aspect of the invention may be accomplished, for example, by
endonuclease digestion of the vector (which may be a pDONR vector (see
Figure 32) or a pDEST vector (see Figure 33)), followed by complementary
annealing of synthetic oligonucleotides and site-specific cleavage of the
heteroduplex by Vaccinia topoisomerase I. Digestion of a vector with any
compatible  endonuclease creates specific sticky ends. Custom
oligonucleotides may be annealed to these sticky ends, and possess sequences
that, following topoisomerase I modification, form custom ends of the vector
(see Figures 32 and 33). The sequence and length of the SSS will vary based
on the desires of the user.

[0356] In one use of the TOPO SSS vectors provided by this aspect of the
present invention, the DNA fragment to be inserted into the vector is a PCR
product. Following PCR amplification with custom primers, the product can
be directionally inserted into a topoisomerase I charged cloning vector having
a SSS on one or both ends of the insertion site. The custom primers may be
designed such that at least one primer of a given primer pair contains an
additional sequence at its 5’ end. The added sequence may be designed to be
complementary to the sequence of the single-stranded overhang in the vector.
The complementarity between the 5’ single-stranded overhang in the vector

and the 5’ end of the PCR product mediates the directional insertion of the
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PCR product into the topoisomerase-mediated vector. Specifically, since only
one end of the vector and one end of the PCR product possess complimentary
SSS regions, the insertion of the product is directional. Topoisomerase I
catalyzes the ligation of the PCR product to the vector.

[0357] This aspect of the invention also provides a modified cloning vector,
having an overhanging single stranded piece of DNA, (the SSS) charged with
topoisomerase, or “TOPO SSS vector”. The modified vector allows the
directional insertion of PCR amplified, or otherwise suitable, open reading
frames (ORF) for subsequent expression, and takes advantage of the efficiency
of topoisomerase-mediated cloning.

[0358] As noted above, topoisomerases are a class of enzymes that modify the
topological state of DNA via the breakage and rejoining of DNA strands,
(Shuman et al., US Patent No. 5,766,891, incorporated herein by reference).
Vaccinia virus encodes a 314 aa type I topoisomerase enzyme capable of site-
specific single-strand nicking of double stranded DNA, as well as 5’ hydroxyl
driven religation. Site-specific type I topoisomerases include, but are not
limited to, viral topoisomerases such as pox virus topoisomerase. Examples of
pox virus topoisomerases include shope fibroma virus and ORF virus. Other
site-specific topoisomerases are well known to those skilled in the art and can
be used to practice this invention.

[0359] Shuman teaches that Vaccinia topoisomerase binds to duplex DNA and
cleaves the phosphodiester backbone of one strand while exhibiting a high
level of sequence specificity. Cleavage occurs at a consensus pentapyrimidine
element 5’~(C/T)CCTT-3' or related sequences in the scissile strand. In one
embodiment the scissile bond is situated in the range of 2-12 bp from the 3’
end of the duplex DNA. In another embodiment cleavable complex formation
by Vaccinia topoisomerase requires six duplex nucleotides upstream and two
nucleotides downstream of the cleavage site. Examples of Vaccinia
topoisomerase cleavable sequences include, but are -not limited to, +6/-6
duplex GCCCTTATTCCC, +8/-4 duplex TCGCCCTTATTC, +10/-2 duplex
TGTCGCCCTTAT, +11/-1 duplex GTGTCGCCCTTA
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[0360] Examples of other site-specific type I topoisomerases are well known
in the art. These enzymes are encoded by many organisms including, but not
limited to Saccharomyces cerevisiae, Saccharomyces pombe and
Tetrahymena, however these species’ topoisomerase I enzymes have less
specificity for a consensus sequence than does Vaccinia’s. (Lynn, R. M,
Bjomnsti, M., Caron, P. R. and Wang, J. C., (1989) Peptide sequencing and
site-directed mutagenesis identify tyrosine-727 as the active site tyrosine of
Saccharomyces cerevisiae DNA topoisomerase I, Proc. Natl. Acad. Sci. USA,
86: 3559-3563), (Eng, W., Pandit, S. D., and Sternglanz, R., (1989) Mapping
of the active site tyrosine of eukaryotic DNA topoisomerase I, J. Biol. Chem.,
264: 13373-13376) and (Busk, H., Thomsen, B., Bonven, B. J., Nielsen, O. F.,
and Westergaard, O. (1987) Preferential relaxation of supercoiled DNA
containing a hexadecameric recognition for topoisomerase I, Nature, 327: 638-
640), respectively.

[0361] As used herein with regard to this aspect of the invention, the term
donor signifies a duplex DNA which contains a 5’-CCCTT cleavage site near
the 3’ end, and the term acceptor signifies a duplex DNA which contains a 5’
OH terminus. Once covalently activated by topoisomerase the donor will be
transferred to those acceptors to which it has SSS complementation.

[0362] According to this aspect of the present invention, topoisomerase-
modified vectors are further adapted to contain at least one 5’ single-stranded
overhang sequence to facilitate the directional insertion of DNA segments. In
a preferred embodiment, the segment to be cloned is a PCR product
constituting an open reading frame (ORF) which will be expressed from the
resultant recombinant vector. The primers used for amplifying the ORF are
designed such that at least one primer of the primer pair contains an additional
sequence at its 5’ end. This sequence is designed to be complementary to the
sequence of the 5’ single-stranded overhang present in the topoisomerase-
modified vector of the present invention. ‘

[0363] Certain preferred, but non-exclusive, embodiments according to this

aspect of the present invention are described in detail below in Examples 5-8.
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[0364] Nucleic acid molecules assembled using methods of the invention
either may be used directly or may be amplified and then used for any number
of purposes. With reference to Figure 34, nucleic acid segments to be
assembled using methods of the invention may be generated by any number of
methods. For example, these segments may be obtained by any method
known in the art. In instances where the nucleic acid segments do not have
one or more (e.g., one, two, three, four, etc.) termini and/or regions suitable
for assembly using methods of the invention, such termini and/or regions may
be added. Suitable termini and/or regions may be added, for example, by
amplifying nucleic acids using PCR or by the addition of one or more (e.g.,
one, two, three, four, etc.) adapter linkers (e.g., adapter linkers which contain
one or more topoisomerase recognition sites). Nucleic acid segments having
suitable termini and/or regions may then be assembled using methods of the
invention described elsewhere herein.

[0365] As shown in Figure 34, once assembled, the linked nucleic acid
segments may be amplified (e.g., in vivo or in vitro) and then used in any
number of methods or processes, many of which are described elsewhere
herein. Alternatively, the assembled nucleic acid segments may be used
directly for applications such as in vitro transcription/translation,
recombinational cloning, or for transforming or transfecting cells. The
invention thus provides versatile compositions and methods for manipulating
nucleic acids.

[0366] As also indicated in Figure 34, the invention further provides methods
for linking nucleic acid segments which then may be used in any number of
methods or processes. As one example of such a method, the initial ligation
products generated by the first step set out in Figure A, which is referred to
here solely for illustrative purposes, are directly transcribed (e.g., used for in
vitro transcription). This process is facilitated by the fact that the nucleic acid
which is transcribed is covalently linked in both strands at the junction point
between the linker containing the T7 promoter element and the PCR product.

Further, transcription of the linkage products from the T7 promoter results in
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the production of both sense and antisense RNA which can be used to form,
for example, double stranded RNA. This double stranded RNA can be used
for inhibiting gene expression. In particular, methods of the invention may be
used to produce double stranded RNA for RNAi applications. Such RNAi
molecules may be prepared from RNA molecules prepared in two separate
tubes and then mixed or in the same tube. In the first case, transcription of
sense strand and antisense strand RNA may occur after DNA molecules which
encode these strand have been separated and placed in separate tubes. In the
second case, transcription of both sense strand and antisense strand RNA may
occur in the same tube. Thus, the invention also provides one and two tube
methods for the preparation RNA for, for example, the preparation of RNA.

[0367] As one skilled in the art would recognize, any number of variations of
the above are possible and within the scope of the invention. For example, a
promoter other than a T7 promoter may be used. Further, any of the nucleic
acid molecules described above, as well as elsewhere herein, may be designed
to contain one or more recombination sites which can then be used to connect
these molecules with other nucleic acid molecules (e.g., other nucleic acid
molecules with cognate recombination sites).

[0368] The invention provides compositions and methods for linking nucleic
acid molecules using topoisomerase and recombination. In particular
embodiments of the invention, nucleic acid molecules undergo one or more
(e.g., one, two, three, four, five, six, seven, eight, nine, ten, etc.) recombination
reactions and are then linked to one or more (e.g., one, two, three, four, five,
six, seven, eight, nine, ten, etc.) other nucleic acid molecules by methods
involving covalent linking of strands catalyzed by one or more (e.g., one, two,
three, four, etc.) topoisomerases. In other embodiments, nucleic acid
molecules are linked to other nucleic acid molecules by methods involving
covalent linking of strands catalyzed by one or more (e.g., one, two, three,
four, etc.) topoisomerases and then undergo one or more (e.g., one, two, three,
four, five, six, seven, eight, nine, ten, etc.) recombination reactions. As one

skilled in the art would recognize, the invention is not tied to any particular
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order of topoisomerase-mediated linkage of nucleic acid molecules or
recombination reactions. Thus, in general, the invention is directed to
compositions and methods for performing both recombination reactions and
linking nucleic acid segments using topoisomerases.

[0369] The invention thus also provides adapter-linker molecules for use in
accordance with the methods and compositions of the invention. The adapter
linkers that are provided by, and that may be used in connection with, the
present invention can contain both a topoisomerase site and a recombination
site. One example of a process of the invention is set out schematically in
Figure 35. Figure 35 shows a process which involves the connection of a
topoisomerase-adapted nucleic acid segment (“adapter linker”) which contains
a single recombination site to another nucleic acid segment, referred to as an
insert. These two nucleic acid segments may be connected by any
topoisomerase-mediated process described herein.

[0370] Adapter linkers of the invention may comprise (1)one or more
recombination sites and/or (2) one or more topoisomerase recognition sites or
one or more topoisomerases. In particular embodiments, at least one of the
one or more recombination sites of the adapter linkers will be located within
zero, one, two, three, four, five, six, seven, eight, nine, ten, fifteen, or twenty
nucleotides of at least one of the one or more topoisomerase recognition site or
one or more topoisomerase. In specific embodiments, recombination sites
present in adapter linkers of the invention are atfL, aifB, attP, or affL
recombination sites. In additional specific embodiments, the topoisomerase
recognition sites recognition are recognition sites for type IB topoisomerases,
type IA topoisomerases or type II topoisomerases, or the topoisomerases are
type IB topoisomerases, type IA topoisomerases or type II topoisomerases. In
addition, topoisomerase recognition sites or topoisomerases may be located,
with respect to recombination sites, in adapter linkers of the invention such
that upon recombination, particular recombination sites become associated
with the product molecules. For example, a topoisomerase recognition site

may be located on either end of an a#fL site in an adapter linker such that when
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the linker is attached to a nucleic acid molecule and recombination occurs,
either an a#B or an atP site is generated on the nucleic acid molecule to
which the adapter linker was attached. Thus, adapter linkers may contain
toposiomerase recognition sites and/or topoisomerases positioned, with respect
to recombination sites, such that upon ligation to a nucleic acid molecule and
recombination any number of variations of recombination sites are present on
the product nucleic acid molecules. Examples of such recombination sites
include atfL, atB, attP, and atfR recombination sites.

[0371] The invention further provides methods for linking any number of
nucleic acid segments using adapter linkers which contain recombination sites
having the same or different specificities, as well as adapter linkers which
contain recombination sites having the same or different specificities and kits
which contain such adapter linkers. For example, three separate PCR
products, referred to as segments A, B, and C, may be linked to adapter linkers
such that a#fL.1 and a#fL3 sites are present at the ends of segment A, a#fR3 and
atiR4 sites are present at the ends of segment B, and a#L.4 and a#fL.2 sites are
present at the ends of segment C. Thus, upon recombination with a linearized
vector which contains a#R1 and a#fR2 recombination sites at or near the
termini, all three PCR products are joined to each other and inserted into the
vector to generate a circularized nucleic acid molecule. Any number of
variations of the above are possible and are within the scope of the invention.

[0372] The invention further includes sets of two or more (e.g., two, three,

| four, five, six, seven eight, nine, etc.) adapter linkers which contain (1) one or
more recombination sites having the same or different specificities and/or
(2) one or more topoisomerases or toposiomerase recognition sites, as well as
methods for using these sets of adapter linkers to generate nucleic acid
molecules which contain one or more recombination sites, compositions
comprising such adapter linker sets or individual member of these sets, nucleic
acid molecules which have been adapted with one or more adapter linkers of

these sets, and methods for using these nucleic acid molecules.
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[0373] After topoisomerase-mediated assembly, the assembled nucleic acid
molecule may be recombined with another nucleic acid segment which
contains one or more (e.g., one, two, three, four, etc.) suitable recombination
sites. The recombination sites shown in Figure 35 are a#/L1 and a#fR1 sites
but any suitable recombination sites may be used (e.g., lox sites, a#fR sites,
artL sites, attB sites, atiP sites, etc.). Additional suitable recombination sites
are described elsewhere herein.

[0374] The invention thus includes methods for generating nucleic acid
molecules using topoisomerase recognition sites and recombination sites with
recombine with each other. The invention also includes nucleic acid
molecules prepared by and used in methods of the invention, as well as
methods for using nucleic acid molecules generated by methods described
herein.

[0375] The invention further includes methods for generating nucleic acid
molecules using multiple (e.g., two, three, four, five, six, seven, eight, nine,
ten, etc.) recombination sites and topoisomerase recognition sites, as well as
nucleic acid molecules prepared by and used i such methods. Further, these
recombination sites may have multiple (e.g., two, three, four, five, six, seven,
eight, nine, ten, etc.) specificities. In addition, the topoisomerase recognition
sites may be designed to generate termini which will result in the connection
of these termini to different nucleic acid segments. For example, these termini
may be designed to generate different "sticky ends" upon cleavage with a
topoisomerase.

[0376] Another example of methods described above is shown in Figure 36.
Figure 36 shows a process in which two nucleic acid segments are connected
using a process which involves topoisomerase-mediated covalent linkage of
strands of the termini of the nucleic acid segments. The resulting nucleic acid
molecule then undergoes recombination, which results in (1) the
topoisomerase assembled nucleic acid molecule becoming linked to a nucleic
acid segment which contains an origin of replication and (2) replacement of a

negative selection marker (e.g., a ccdB gene) with a promoter. The



WO 03/103600 PCT/US03/18036

-175 -

recombined nucleic acid product is then connected to a nucleic acid segment
which is topoisomerase adapted at both termini and contains a positive
selection marker. This last step results in the nucleic acid molecule being
circularized.

[0377] The circularized nucleic acid end product shown in Figure 36 may be
introduced into host cells, which may be prokaryotic (e.g., bacterial) or
eukaryotic (e.g., yeast, plant, animal (including mammalian, such as human))
cells such as those described elsewhere herein. Further, cells which contain
this end product can be selected for using positive and negative selection.
Thus, fér example, cells which have acquired a nucleic acid molecule wherein
the negative selection marker has not been replaced by the promoter will be
selected against. The invention further includes methods and compositions
similar to those set out in Figures 35 and 36 in which any number of the steps
and components are varied. Examples of steps and components which may be
varied are described elsewhere herein. The invention further includes methods
for using nucleic acid molecules generated by methods described above.

[0378] As one skilled in the art would recognize, nucleic acid segments used
in processes such as those shown in Figures 35 and 36 could contain any
number of different elements. For example, a positive selection marker could
be substituted for the promoters shown in Figure 36. Further, the insert shown
in Figure 35 may contain nucleic acid which has any number of
functionalities. In particular, when the insert contains a regions which is
transcribed, the transcript can be a mRNA or an RNA which serves a function
in the absence of translation. Examples of RNA which serves a function in the
absence of translation include transfer RNAs (e.g., suppressor tRNAs),
antisense RNAs, ribosomal RNAs, and ribozymes. Additionally, more than
one of the nucleic acid segments connected and/or recombined by methods of
the invention may contain all or part of one or more (e.g., one, two, three, four,
five, six, seven, etc.) open reading frames. In such instances, nucleic acid
segments may be connected to each other such that transcription and

translation result in the production of one or more fusion proteins. Additional
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nucleic acid elements which can be used in methods of the invention are
described elsewhere herein.

[0379] Once a nucleic acid molecule, such as the end product of the process
shown in Figure 35, has been generated by methods of the invention, the
nucleic acid molecule may optionally be connected to one or more (e.g., one,
two, three, four, etc.) other nucleic acid molecules or may be circularized by
joining of the termini to each other. Further, when three or more nucleic acid
molecules are connected to each other by methods of the invention, the termini
of various intermediate molecules or the end product may be joined to each
other to circularize these molecules.

[0380] The invention further provides compositions and methods for
performing homologous recombination and for producing transgenic animals.
Gene targeting by homologous recombination between an exogenous DNA
construct and cognate chromosomal sequences allows precise modifications
to be made at predetermined sites in the genome. Gene targeting is well-
established in, e.g., mouse embryonic stem (ES) cells, and has been used to
effect modifications in a large number of murine genes. (See e.g., Brandon et
al., Curr. Biol. 5:625-634, 758-765, 873-881 (1995)). Gene targeting can also
be accomplished in somatic cells. (See e.g., Itzhaki et al., Nat. Genet. 15:258-
265 (1997)). Cells that have been modified by gene targeting via homologous
recombination can then be manipulated by methods known in the art to
establish transgenic animals.

[0381] One example of a composition of the invention that can be used in
homologous recombination applications is the end product nucleic acid
molecule set out in Figure 37. Figure 37 further shows an example of a
method for preparing such compositions. In particular, Figure 37 shows the
linkage of topoisomerase adapted nucleic acid segments to a
non-topoisomerase adapted nucleic acid segment. In this instance, the nucleic
acid segment which the designer of the nucleic acid end product seeks to
integrate into a chromosome, referred to here as an insert, is flanked by

regions which contain (1)a positive selection marker and (2)a negative
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selection marker positioned between two recombination sites. Recombination
may then be used to replace the two negative selection markers with nucleic
acid having homology to a chromosomal region into which the end product is
to integrate (labeled "HR1" and "HR2" in Figure 37).

[0382] Regions of homology used in the practice of the invention will vary
with the chromosomes of cells into which nucleic acid molecules are to
integrate. Further, in many instances, regions of homology will be selected to
facilitate integration into cells of a particular organism. Such an organism
may be unicellular organism (e.g., a yeast, a protozoan, etc.) or multicellular
organism (e.g., a plant, an animal, etc.).

[0383] The invention thus provides nucleic acid molecules and compositions
for perforing homologous recombination and cells produced via homologous
recombination involving these molecules and compositions. Methods of the
present invention can be used in the linking of multiple nucleic acid segments.
Figure 38, for example, shows a schematic representation of the linking of
four nucleic acid segments using toposiomerase to generate a linear nucleic
acid molecule with recombination sites (labeled "L1" and "L2") located near
the termini. In the first step, topoisomerase adapted nucleic acid segment
which contains an affL.1 recombination site and an a#L2 recombination site
are linked to two other nucleic acid segments using topoisomerase. In this
particular instance, each strand of the termini which are joined to each other is
covalently linked to a topoisomerase molecule. Thus, upon toposiomerase
mediated linkage of the nucleic acid strands, no nicks are present at the
junction points. In the second step, the topoisomerase assembled nucleic acid
segments are contacted with another nucleic acid segment which contains an
origin of replication (labeled "ori"), a positive selection marker (labeled
"PM"), an a#fR1 recombination site, and an atfR2 recombination site in the
presence of LR CLONASE™ under conditions which allow for recombination
between the a#L. and azfR recombination sites. In certain such methods, for
example, TOPO-adapted vectors are incubated with one or more nucleic acid

segments (e.g., one or more PCR products) at room temperature (e.g., about
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20-20°C) for about 5-30 (and preferably about 10) minutes; the reaction is
then heat-treated by incubation at about 80°C for about 20 minutes, and the
reaction mixture then used in a standard LR reaction according to
manufacturer’s instructions (Invitrogen Corporation, Carlsbad, CA), except
the incubation time for the LR reaction is increased to about 3 hours.
Recombination results in the formation of a circular nucleic acid molecule
which contains the various starting nucleic acid segments separated from the
origin and selection marker by a#B1 and a#/B2 recombination sites. As one
skilled in the art would recognize, any suitable recombination sites could be
used in place of the aft recombination sites shown in this figure. The
invention thus also provides compositions comprising such nucleic acids,
compositions used for producing such nucleic acids, and uses of such nucleic
acids and compositions in the recombination and topoisomerase-mediated
joining methods of the invention described elsewhere herein.

[0384] The invention further provides nucleic acid molecules suitable for

| performing cloning reactions in which a first nucleic acid molecule, which
shares one or more region of homology with a second nucleic acid molecule,
is used to insert nucleic acid from the second nucleic acid molecule into the
first nucleic acid molecule. The invention further provides compositions and
methods for performing such cloning reactions.

[0385] One example of a process referred to above is RecE/T cloning, which
is described in PCT Publication WO 01/04288, the entire disclosure of which
is incorporated herein by reference. Typically, in RecE/T cloning, a linear
first nucleic acid molecule (e.g., a vector) is introduced into a cell which
contains (1) regions at the termini that share homology with two separate,
nearby regions (e.g., nucleic acid regions which are about 20 to about 30,
about 20 to about 40, about 20 to about 50, about 30 to about 40, about 40 to
about 50, about 40 to about 60, about 40 to about 80, about 50 to about 90, etc.
nucleotides in length) of a nucleic acid molecule present in the cell (e.g., a
plasmid, a bacterial artificial chromosome, a natural chromosome, etc.),

referred to here as "a second nucleic acid molecule", (2) a selection marker,
2
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and (3) an origin of replication. The linear first nucleic acid molecule will
generally only replicate if it becomes circularized. Further, the first nucleic
acid molecule will typically become circularized when it has undergone
recombination with the second nucleic acid molecule and acquired nucleic
acid from the second nucleic acid molecule which is intervening between the
regions of homology. In such embodiments, the regions of homology in the
first nucleic acid molecule will typically be in a reverse orientation as
compared to the second nucleic acid molecule. Generally, the cell in which
recombination occurs will be one which expresses a recombinase such as
RecE/T or RecAlpha/Beta. Thus, the invention provides, in part, methods for
performing RecE/T cloning, nucleic acid molecules prepared by such
methods, compositions comprising such nucleic acid molecules, and methods
for using such nucleic acid molecules and compositions.

[0386] Modifications of the RecE/T process may be employed to generate a
number of different end products. For example, when the regions of
homology are arranged in various ways, the first nucleic acid molecule can be
designed to (1) insert into the second nucleic acid molecule, or (2) delete
nucleic acid from the second nucleic acid molecule. Typically, when insertion
of the second nucleic acid molecule into the second nucleic acid molecule is
desired, the regions of homology of the first nucleic acid molecule will be in
the same orientation with respect to the regions of homology in the second
nucleic acid molecule. Further, when deletion of nucleic acid from the second
nucleic acid molecule is desired, the regions of homology of the first nucleic
acid molecule will generally be in an inverse orientation with respect to the
regions of homology in the second nucleic acid molecule. Also, when

. insertion of the first nucleic acid molecule into the second nucleic acid
molecule is desired, typically the first nucleic acid molecule will not contain
an origin of replication. The invention provides methods for performing the
above processes. The invention also provides nucleic acid molecules and

compositions for use in the above processes.
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[0387] The present invention can also be used to link two nucleic acid
segments in a single step process using topoisomerase and recombination sites
to generate a circular nucleic acid molecule. An example of this embodiment
is depicted in Figure 39 where one of the nucleic acid segments contains an
attLl recombination site (labeled "L1"), a promoter (labeled "P"), and
toposiomerase molecule covalently linked to one terminus. The other nucleic
acid segment contains an atfR1 recombination site (labeled "R1"), an open
reading frame (labeled "ORF"), an origin of replication (labeled "ORI"), a
positive selection marker (labeled "PM"), and topoisomerase molecule .
covalently linked to one terminus. Thus, when these two nucleic acid
segments are contacted with each other in the presence of LR CLONASE™
under conditions which allow for recombination between the a#fL and a#fR
recombination sites and topoisomerase mediated linkage of nucleic acid
strands, a circular molecule is formed having the structure indicated. In certain
such methods, for example, TOPO-adapted vectors are incubated with one or
more nucleic acid segments (e.g., one or more PCR products) at room
temperature (e.g., about 20-20°C) for about 5-30 (and preferably about 10)
minutes; the reaction is then heat-treated by incubation at about 80°C for about
20 minutes, and the reaction mixture then used in a standard LR reaction
according to manufacturer’s instructions (Invitrogen Corporation, Carlsbad,
CA), except the incubation time for the LR reaction is increased to about 3
hours. As one skilled in the art would recognize, any suitable recombination
sites could be used in place of the a# recombination sites shown in this figure.

[0388] The present invention can also be used to link two nucleic acid
segments using toposiomerase mediated methods to generate a circular nucleic
acid molecule. A schematic representation of one embodiment of this aspect
of the invention is illustrated in Figure 40. As shown in Figure 40, the circular
molecule contains an open reading frame (labeled "ORF") positioned between
attLl and affl2 recombination site (labeled "L1" and "L2"). The
topoisomerase assembled product then undergoes recombination with another

circular molecule which contains a#fR1 and a#R2 recombination sites to
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generate a third circular nucleic acid molecule which contains the open
reading frame positioned between a#Bl and a#B2 recombination sites.
Further, the open reading frame is operably linked to a promoter. Thus, the
final nucleic acid molecule produced by this process is an expression
construct. As one skilled in the art would recognize, any suitable
recombination sites could be used in place of the a# recombination sites
shown in this figure.

[0389] As disclosed herein, a first nucleic acid molecule can be one of a
plurality of nucleotide sequences, for example, a cDNA library, a
combinatorial library of nucleotide sequences, or a population of variegated
nucleotide sequences. As such, a particularly useful embodiment of a method
of the invention is in generating recombinant polynucleotides encoding
chimeric polypeptides for performing a high throughput two hybrid assay for
identifying protein-protein interactions that occur among populations of
polypeptides (see U.S. Pat. No. 6,057,101 and U.S. Pat. No. 6,083,693, each
of which is incorporated herein by reference). In such a method, two
populations (pluralities) of nucleotide sequences encoding polypeptides are
examined, each plurality having a complexity of from a few related but
different nucleotide sequences to as high as tens of thousands of such
sequences. By performing a method of the invention, for example, using a
PCR primer pair to amplify each nucleotide sequence in the plurality, wherein
at least one primer of the PCR primer pair comprises (a) at least one
topoisomerase recognition site or complement thereof or (b) at least one
recombination site, covalently linked recombinant polynucleotides encoding a
population of chimeric bait polypeptides and a population of chimeric prey
polypeptides readily can be generated by contacting the amplified pluralities
of nucleotide sequences, each of which comprises (a) at least one
topoisomerase recognition site, with at least one topoisomerase and a
nucleotide sequence, which contains at least one topoisomerase recognition
site and encodes a transcription activation domain or 2 DNA binding domain

or (b) at least one recombination site site, with at least one topoisomerase and
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a nucleotide sequence, which contains at least one recombination site and
encodes a transcription activation domain or a DNA binding domain.

[0390] In practicing a method of the invention, a first nucleic acid molecule
also can encode a ribonucleic acid (RNA) molecule, which can function, for
example, as a riboprobe, an antisense nucleotide sequence, a ribozyme, or a
triplexing nucleotide sequence, or can be used in an in vitro translation
reaction, and the second nucleic acid molecule can encode a regulatory
element useful for expressing an RNA from the first nucleotide sequence (see
Example 2.A). For example, where it is desired to produce a large amount of
RNA, a second nucleic acid molecule component for performing a method of
the invention can comprise an RNA polymerase promoter such as a T7, T3 or
SP6 RNA polymerase promoter. Where the RNA molecule is to be expressed
in a cell, for example, an antisense molecule to be expressed in a mammalian
cell, the second (or other) nucleic acid molecule can include a promoter that is
active in a mammalian cell, particularly a tissue specific promoter, which is
active only in a target cell. Furthermore, where the RNA molecule is to be
translated, for example, in a coupled in vitro transcription/translation reaction,
the first nucleotide sequence or second (or other) nucleotide sequence can
contain appropriate translational regulatory elements (see Example 2.B).

[0391] Methods of the invention may also be used to produce constructs
which allow for silencing of genes in vivo. One method of silencing genes
mvolves the production of double-stranded RNA, termed RNA interference
(RNAi). (See, e.g., Mette et al, EMBO J, 19:5194-5201 (2000)). The
mechanism by which RNAI is believed to function, which is reviewed in Fjose
et al., Biotechnol. Annu. Rev. 7:31-57 (2001), appears to be based on the
ability of double stranded RNA to induce the degradation of specific RNA
molecules. This mechanism is reported to involve the conversion of double-
stranded RINA into short RNAs that direct ribonucleases to homologous RNA
targets (e.g., mRNA targets). Methods of the invention can be used in a

number of ways to produce molecules such as RNAL Thus, expression
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products of nucleic acid molecules of the invention can be used to silence gene
expression.

[0392] One example of a nucleic acid molecule designed to produce RNAi is a
molecule in which a nucleic acid segment is linked to one or more promoters
such that RNA corresponding to both strands are produced as two separate
transcripts or as part of the same transcript. For example, a nucleic acid
molecule could be prepared using methods of the inveﬁtion wherein two
copies of an open reading frame are connected by an intervening nucleic acid
segment with two promoters that drive transcription in different directions.
Thus, one of the promoters drives transcription of sense strand mRNA and the
other promoter drives transcription of antisense mRNA. Another example of a
nucleic acid molecule which could be used to produce RNAI is one in which
an open reading frame is flanked on each end by promoters which drive
transcription of the open reading frame in opposing directions. As a third
example, doubles stranded RNA can be produced from a nucleic acid
molecule which encode RNA having a "snapback" region (e.g., a region that is
six, seven, eight, nine ten, etc. nucleotides in length) at one terminus. Thus,
an RNA transcript of this type will form a hairpin turn at or near one terminus.
When such an RNA molecule is incubated, under appropriate conditions, in
the presence of an RNA dependent RNA polymerase, the double stranded
region formed by the hairpin can be used to prime second strand synthesis to
form double stranded RNA molecule.

[0393] Nucleic acid segments designed to produce RNAI, such as the nucleic
acid molecules described above, need not correspond to the full-length gene or
open reading frame. For example, when the nucleic acid segment corresponds
to all or part of an ORF or encode an RNA molecule which does not
correspond to all or part of an ORF, the segment may only correspond to part
of the ORF (e.g., about 15, about 16, about 17, about 18, about 19, about 20,
about 21, about 22, about 23, about 24, about 25, about 26, about 27, about 28,
about 29, about 30, about 40, about 50, about 60, etc. nucleotides at the 5' or 3'
end of the ORF).
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[0394] Thus, in particular embodiments, the invention provides methods for
preparing nucleic acid molecules comprising at least three segments. In some
embodiments, at least two of these segments share at least one region of
sequence identity (e.g., a region at least about 15, at least about 16, at least
about 17, at least about 18, at least about 19, at least about 20, at least about
21, at least about 22, at least about 23, at least about 24, at least about 25, at
least about 26, at least about 27, at least about 28, at least about 29, at least
about 30, at least about 40, at least about 50, at least about 60, at least about
70, at least about 80, at least about 90, at least about 100 nucleotides, etc.
nucleotides in length). In other embodiments, one nucleic acid segment is
flanked by a region which can confer transcription of the interior portion of
the molecule in opposing directions (e.g., to produce sense and antisense
transcripts). The invention further provides nucleic acid molecules prepared
by methods of the invention and the use of such molecules to either inhibit
gene expression or facilitate the degradation of épeciﬁc RNA molecules.

[0395] The invention further includes methods for preparing nucleic acid
molecules which express one or more RNA molecules which can be used to
prepare double stranded RNA having overhangs on one or both ends. For
example, methods of the invention can be used to express two single stranded
RNA molecules which are 21 nucleotides in length and share sequence
complementarity over 19 of their nucleotides. Thus, when these two single
stranded RNA molecules hybridize to each other, there will be a two
nucleotide overhang on each end. Double stranded RNA molecules similar to
those described above have been shown to be capable of inhibiting gene
expression when introduced into mammalian cells (Elbashir et al., Nature
411:494-498 (2001)).

[0396] The invention thus includes methods for generating nucleic acid
molecules which can be used to produce short RNA molecules, as well as
RNA molecules produced by nucleic acid molecules prepared by these
methods and methods for preparing these RNA molecules. These short RNA
molecules will typically be about 15, about 16, about 17, about 18, about 19,
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about 20, about 21, about 22, about 23, about 24, about 25, about 26, about 27,
about 28, about 29, about 30 nucleotides in length. Further, these short RNA
molecules will typically be between from about 15 to about 30, from about 15
to about 25, from about 15 to about 24, from about 23 to about 22, from about
15 to about 21, from about 15 to about 20, from about 15 to about 19, from
about 15 to about 18, from about 20 to about 30, from about 20 to about 28,
from about 20 to about 25, from about 20 to about 24, from about 20 to about
23, from about 20 to about 22, or from about 20 to about 21 nucleotides in
length.

[0397] The invention further includes methods for generating nucleic acid
molecules which can be used to produce short double stranded RNA
molecules, as well as RNA molecules produced by nucleic acid molecules
prepared by these methods. These short double stranded RNA molecules may
comprise a double stranded region which is about 10, about 12, about 14,
about 15, about 16, about 17, about 18, about 19, about 20, about 21, about 22,
about 23, about 24, ébout 25, about 26, about 27, about 28, about 29, about 30
nucleotides in length. Further, the double stranded region of these RNA
molecules may be between from about 10 to about 30, from about 10 to about
25, from about 10 to about 20, from about 10 to about 18, from about 10 to
about 17, from about 15 to about 30, from about 15 to about 25, from about 15
to about 24, from about 23 to about 22, from about 15 to about 21, from about
15 to about 20, from about 15 to about 19, from about 15 to about 18, from
about 20 to about 30, from about 20 to about 28, from about 20 to about 25,
from about 20 to about 24, from about 20 to about 23, from about 20 to about
22, or from about 20 to about 21 nucleotides in length. Further, these double
stranded RNA molecules may comprise overhangs at one or both termini
which are about 1, about 2, about 3, about 4, about 5, about 6, about 7, or
about 8 nucleotides in length and/or are between from about 1 to about 10,
from about 1 to about 8, from about 1 to about 6, from about 1 to about 4,
from about 1 to about 2, from about 2 to about 10, from about 2 to about &,

from about 2 to about 6, or from about 2 to about 4 nucleotides in length.
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[0398] The invention also provides methods for preparing nucleic acid
molecules which can be used to express antisense RNA (e.g., antisense
mRNA). Methods similar to those described above for the production of
nucleic acid molecules which can be used for RNAi may be employed;
however, only the antisense strand will typically be transcribed in molecules
prepared by methods of the invention which may be used to generate antisense
RNA.

[0399] In related embodiments, promoters which drive transcription of the
sense RNA or antisense RNA can be either constitutive (e.g., CMV promoter,
SV40 promoter, etc.), inducible (e.g., a metallothionein promoter, etc.), or
repressible. Thus, for example, two different inducible promoters can be used |
to drive transcription of sense RNA and antisense RNA. In such an instance,
promoter activation can be used to induce production of sense RNA, antisense
RNA, or both sense RNA and antisense RNA. Further, the amount of sense
RNA and/or antisense RNA produced can be related by using, for example,
graduated induction and/or derepression of the promoters.

[0400] Gene silencing methods involving the use of compounds such as RNA1
and antisense RNA, for examples, are particularly useful for identifying gene
functions. More specifically, gene silencing methods can be used to reduce or
prevent the expression of one or more genes in a cell or organism. Phenotypic
manifestations associated with the selective inhibition of gene functions can
then be used to assign role to the "silenced" gene or genes. As an example,
Chuang et al., Proc. Natl. Acad. Sci. (USA) 97:4985-4990 (2000), have
demonstrated that in vivo production of RNAi can alter gene activity in
Arabidopsis thaliana. Thus, the invention provides methods for regulating
expression of nucleic acid molecules in cells and tissues comprising the
expression of RNAi and antisense RNA. The invention further provides
methods for preparing nucleic acid molecules which can be used to produce
RNA corresponding to one or both strands of a DNA molecule.

[0401] The invention thus provides methods for regulating expression of

nucleic acid molecules in vivo (e.g., in cells and tissues) and/or in vitro
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comprising the expression of sense RNA and/or antisense RNA. The
invention further provides methods for preparing nucleic acid molecules
which can be used to produce RNA corresponding to one or both strands of a
nucleic acid molecule (e.g., a DNA molecule). The invention also provides
compositions for performing the methods described above and nucleic acid
molecules produced by the above methods (e.g., RNA and DNA molecules).

[0402] The invention also relates to compounds and methods for gene
silencing involving ribozymes. In particular, the invention provides antisense
RNA/ribozymes fusions, which comprise 1) antisense RNA corresponding to a
target gene and 2) one or more ribozymes that cleave RNA (e.g., hammerhead
ribozyme, hairpin ribozyme, delta ribozyme, Tetrahymena 1-21 ribozyme,
etc.). Further provided by the invention are vectors that express such fusions,
methods for producing such vectors, and methods for using such vector to
suppress gene expression.

[0403] Expression of antisense molecules fused to ribozymes can be used, for
example, to cleave specific RNA molecules in a cell because the antisense
RNA portion of the transcript can be designed to hybridize to particular
mRNA molecules. Further, the ribozyme portion of the transcript can be
designed to cleave the RNA molecule to which it has hybridized. For
example, the ribozyme can be one which cleaves double stranded RNA (e.g., a
Tetrahymena L-21 ribozyme).

[0404] A method of the invention can be particularly useful for generating an
expressible ds recombinant nucleic acid molecule that can be inserted in a site
specific manner into a target DNA sequence. The target DNA sequence can be
any DNA sequence, particularly a genomic DNA sequence, and preferably a
gene for which some or all of the nucleotide sequence is known. The method
can be performed utilizing a first nucleic acid molecule, which has a first end
and a second end and encodes a polypeptide, for example, a selectable marker,
wherein the first nucleic acid molecule comprises at least one topoisomerase
recognition site and/or at least one recombination site or cleavage product

thereof at the 3' terminus of each end and, optionally, a hydroxyl group at the
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5'terminus of each end, and wherein, preferably, the 5'termini comprise
5' overhanging sequences, which are different from each other; and covalently
linking the first nucleic acid molecule to first and second PCR amplification
products according to a method of the invention. The first and second
amplification products are generated from sequences upstream and
downstream of the site at which the construct is to be inserted, and each
amplification product contains at least one topoisomerase recognition site and
optionally at least one recombination site, preferably, a 5'overhanging
sequence, which is generated following contact with the site specific
topoisomerase. Preferably, the first and second amplification products have
different 5'overhanging sequences such that each can be linked to a
predetermined end of the first nucleic acid molecule. Such a method similarly
can be performed using a ds amplification product comprising at least one
topoisomerase recognition site and, optionally, at least one recombination site,
or cleavage product thereof, at the 5'terminus of one or both ends, wherein,
upon cleavage by the topoisomerase, the topoisomerase-charged molecule can
comprise a 3' overhang at one or both ends containing the topoisomerase. In
addition, the method can be performed using a ds amplification product
comprising topoisomerase recognition sites and, optionally, recombination
sites, or cleavage products thereof, at or near the 5'terminus and the
3'terminus of ome or both ends, wherein, upon cleavage by the
topoisomerases, the topoisomerase-charged nucleic acid molecule preferably
contains a 5' or 3' overhang at one or both ends containing the topoisomerases.
Once nucleic acid molecules are joined by the methods described above, the
resulting molecules may then be used in recombination reactions, such as
those described elsewhere herein.

[0405] The first and second amplification products may be generated using
two sets of PCR primer pairs. The two sets of PCR primer pairs may be
selected such that, in the presence of an appropriate polymerase such as Taq
polymerase and a template comprising the sequences to be amplified, the

primers amplify portions of a target DNA sequence that are upstream of and
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adjacent to, and downstream of and adjacent to, the site for insertion of the
selectable marker. In addition, the sets of PCR primer pairs may be designed
such that the amplification products contain a topoisomerase recognition site
and, following cleavage by the site specific topoisomerase, a 5' overhanging
sequence at the end to be covalently linked to the selectable marker. As such,
the first PCR primer pair includes 1) a first primer, which comprises, in an
orientation from 5'to 3', a nucleotide sequence complementary to a
5' overhanging sequence of the end of the selectable marker to which the
amplification product is to be covalently linked, a nucleotide sequence
complementary to a topoisomerase recognition site, such that PCR introduces
a functional recognition site in the opposite strand (see primer sequences in
Figure 9D), and a nucleotide sequence complementary to a 3' sequence of a
target DNA sequence upstream of the insertion site; and 2) a second primer,
which comprises a nucleotide sequence of the target genomic DNA upstream
of the 3' sequence to which the first primer is complementary, i.e., downstream
of the insertion site. The second PCR primer pair includes 1) a first primer,
which comprises, from 5'to 3', a nucleotide sequence complementary to the
5' overhanging sequence of the end of the selectable marker to which it is to be
covalently linked, a nucleotide sequence complementary to a topoisomerase
recognition site, such that PCR introduces a functional recognition site in the
opposite strand (see primer sequences in Figure 9D), and a nucleotide
sequence of a 5' sequence of a target DNA sequence, wherein the 5' sequence
of the target genomic DNA is downstream of the 3'sequence of the target
DNA sequence to which the first primer of the first PCR primer pair is
complementary; and the second primer of the second primer pair comprises a
nucleotide sequence complementary to a 3'sequence of the target DNA
sequence that is downstream of the 5'sequence of the target genomic DNA
contained in the first primer. The skilled artisan will recognize that the
sequences of the primer that are complementary to the target genomic DNA
are selected based on the sequence of the target DNA. These primers may

further comprise one or more recombination sites.
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[0406] Upon contact of the nucleic acid molecule comprising the selectable
marker, the first and second amplification products, and a topoisomerase (if
the molecules are not topoisomerase-charged), a ds recombinant nucleic acid
molecule covalently linked in both strands is generated according to a method
of the invention. The generated ds recombinant nucleic acid molecule can be
further amplified, if desired, using PCR primers that are specific for an
upstream and downstream sequence of the target genomic DNA, thus ensuring
that only functional constructs are amplified. The generated ds recombinant
nucleic acid molecule is useful for performing homologous recombination in a
genome, for example, to knock-out the function of a gene in a cell, or to confer
a novel phenotype on the cell containing the generated recombinant nucleic
acid molecule. The method can further be used to produce a transgenic non-
human organism having the generated ds recombinant nucleic acid molecule
stably maintained in its genome.

[0407] A method of the invention also is useful for covalently linking, an
adapter or linker sequence to one or both ends of a nucleic acid molecule of
interest, including to each of a plurality of nucleic acid molecules. For
example, where it is desired to put linkers on both ends of a first nucleic acid
molecule, the method can be performed by contacting a topoisomerase with a
first nucleic acid molecule, which has a topoisomerase recognition site, or
cleavage product thereof, at one or both 3' or 5' termini and which can include
hydroxyl groups at both 5' termini and one or more recombination sites; and a
second nucleic acid molecule and at least a third double stranded nucleotide
sequence, each of which can include a topoisomerase recognition site, or
cleavage product thereof at the appropriate 3' or 5'terminus and which can
also include, where desirable, a 5'hydroxyl group at the same terminus and
one or more recombination sites. An appropriate terminus is the terminus to
which the linker is to be covalently linked in at least one strand to the first
nucleotide sequence. In one embodiment, one or both linker sequences
contain an overhanging sequence that is complementary to a sequence at the

5' terminus of the end of the first nucleic acid molecule to which the linker is
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to be covalently linked, thereby facilitating the initial association of the
nucleotide sequences in the proper (predetermined) orientation (see, for
example, Figure 9 and Example 1.B). In performing such a method, the linker
sequences comprising the second and at least third nucleotide sequence can be
the same or different.

[{0408] Figure 14 shows one example of a process for preparing a nucleic acid
molecule containing a topoisomerase (e.g., a type IA topoisomerase) bound to
the 5' terminus of one end of the sequence, and wherein the same end further
comprise a 3' overhang (see (4) in Figure 14). In step A, a nucleotide
sequence to be modified with topoisomerase is digested with a restriction
enzyme that generates a "sticky” end. The restricted nucleotide sequence is
then contacted in step B with a linear, single stranded nucleotide sequence
which contains a topoisomerase attached the 5' terminus and a ligase (e.g., 2
DNA ligase such as T4 DNA ligase). The linear, single stranded nucleotide
sequence also contains a region at the 3' terminus which shares sufficient
sequence complementarity to the "sticky" end generated by the restriction
enzyme, such that the two molecules will hybridize. Thus, in step B, the two
nucleotide sequences are ligated to each other. In step C, the product of the
second step is contacted with a third nucleotide sequence which shares
sequence complementarity to portions of the linear, single stranded nucleic
acid molecule generated in step B, and a ligase. The product of step C, shown
in (4), is a nucleic acid molecule containing a topoisomerase attached to the
5'terminus of one end and a 3' overhang on the same end. It will be
recognized that numerous variations of the exemplified method are within the
scope of the invention. For example, similar processes can be performed to
prepare nucleic acid molecules which comprise topoisomerase attached to the
3' terminus of one end or which have a 5' overhang or are blunt ended at the
end to which a topoisomerase is attached. In another example, the nucleotide
sequence labeled number 3 in Figure 14 can be produced in the following
manner: a nucleic acid molecule can be digested with a restriction enzyme to

generate a nucleic acid molecule with a single-stranded 5'overhang that
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includes a type IA topoisomerase recognition site. The nucleic acid molecule
with the single stranded overhang can then be contacted with type IA
topoisomerase to generate a typeIA topoisomerase-charged nucleic acid
molecule.

[0409] Figure 15 shows two embodiments of the invention in which single
stranded or double stranded DNA is covalently linked to single stranded RNA.
Where single stranded DNA is joined to single stranded RNA, the 3' end of the
ribonucleotide sequence is covalently linked to the 5' end of the
deoxyribonucleotide sequence. Where double stranded DNA is joined to
single stranded RNA, the 3'terminus of the ribonucleotide sequence shares
sufficient sequence complementarity to the 3'overhang of the
deoxyribonucleotide sequence such that the two molecules hybridize. As
above, the 3' end of the ribonucleotide sequence is also covalently linked to
the 5' end of the deoxyribonucleotide sequence. As will be recognized,
numerous variations of the above are within the scope of the invention. For
example, the RNA molecule can be double stranded. In another example, all
of the nucleotide sequences can be deoxyribonucleotide sequences and/or can
comprise one or more recombination sites.

[0410] The present invention provides a ds recombinant nucleic acid molecule
having, or which can be made to have, a first end and a second end, each end
including a 5' terminus and a 3'terminus, wherein the molecule comprises a
site-specific type IA topoisomerase recognition site at or near a 5' terminus of
the first end, the second end, or both the first end and the second end. The
ds recombinant nucleic acid molecule can further include a typeIB
topoisomerase recognition site at or near a 3' termini of an end that does not
include a type IA topoisomerase recognition site. The ds recombinant nucleic
acid molecule can be a vector.

[0411] The present invention further provides a topoisomerase-charged
ds recombinant nucleic acid molecule having a first end and a second end,
each end having a 5'terminus and a 3'terminus, wherein a site-specific

type IA topoisomerase is bound at the 5'terminus of the first end, the second
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end, or both the first end and the second end. For example, the topoisomerase-
charged dsrecombinant nucleic acid molecule can include a typeIA
topoisomerase bound at the 5'termini of each of the first and second ends.
The topoisomerase-charged nucleic acid ds recombinant nucleic acid molecule
can include a type IB topoisomerase bound at a 3' termini of an end not bound
by a typeIA topoisomerase. The topoisomerase-charged ds recombinant

nucleic acid molecule can be a vector.

KITS

[0412] The present invention also provides kits, which contain components
useful for conveniently practicing the methods of the invention. In one
embodiment, a kit of the invention contains a first nucleic acid molecule,
which encodes a polypeptide, particularly a selectable marker, and contains a
topoisomerase recognition site at each end. Preferably, the first nucleotide
sequence comprises a topoisomerase-activated nucleotide sequence.‘ More
preferably, the topoisomerase-charged first nucleotide sequence comprises a
5' overhanging sequence at each end, and most preferably the 5' overhanging
sequences are different from each other. Optionally, each of the 5' termini
comprises a 5' hydroxyl group.

[0413] In addition, the kit can contain at least a nucleotide sequence (or
complement thereof) comprising a regulatory element, which can be an
upstream or downstream regulatory element, or other element, and which
contains a topoisomerase recognition site at one or both ends. Preferably, the
kit contains a plurality of nucleic acid molecules, each comprising a different
regulatory element or other element, for example, a sequence encoding a tag
or other detectable molecule or a cell compartmentalization domain. The
different elements can be different types of a particular regulatory element, for
example, constitutive promoters, inducible promoters and tissue specific
promoters, or can be different types of elements including, for example,
transcriptional and translational regulatory elements, epitope tags, and the like. !

Such nucleic acid molecules can be topoisomerase-activated, and can contain
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5' overhangs or 3' overhangs that facilitate operatively covalently linking the
elements in a predetermined orientation, particularly such that a polypeptide
such as a selectable marker is expressible in vitro or in one or more cell types.

[0414] The kit also can contain primers, including first and second primers,
such that a primer pair comprising a first and second primer can be selected
and used to amplify a desired ds recombinant nucleic acid molecule covalently
linked in one or both strands, generated using components of the kit. For
example, the primers can include first primers that are complementary to
elements that generally are positioned at the 5'end of a generated
ds recombinant nucleic acid molecule, for example, a portion of a nucleic acid
molecule comprising a promoter element, and second primers that are
complementary to elements that generally are positioned at the 3'end of a
generated ds recombinant nucleic acid molecule, for example, a portion of a
nucleic acid molecule comprising a transcription termination site or encoding
an epitope tag. Depending on the elements selected from the kit for generating
a ds recombinant nucleic acid molecule covalently linked in both strands, the
appropriate first and second primers can be selected and used to amplify a full
length functional construct.

[0415] In another embodiment, a kit of the invention contains a plurality of
different elements, each of which can comprise one or more recombination
sites and/or can be topoisomerase-activated at one or both ends, and each of
which can contain a 5' overhanging sequence or a 3'overhanging sequence or a
combination thereof. The 5'or 3' overhanging sequences can be unique to a
particular element, or can be common to plurality of related elements, for
example, to a plurality of different promoter element. Preferably, the
5' overhanging sequences of elements are designed such that one or more
elements can be operatively covalently linked to provide a useful function, for
example, an element comprising a Kozak sequence and an element comprising
a translation start site can have complementary 5'overhangs such that the
elements can be operatively covalently linked according to a method of the

invention.
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[0416] The plurality of elements in the kit can comprise any elements,
including transcription or translation regulatory elements; elements required
for replication of a nucleotide sequence in a bacterial, insect, yeast, or
mammalian host cell; elements comprising recognition sequences for site
specific nucleic acid binding proteins such as restriction endonucleases or
recombinases; elements encoding expressible products such as epitope tags or
drug resistance genes; and the like. As such, a kit of the invention provides a
convenient source of different elements that can be selected depending, for
example, on the particular cells that a construct generated according to a
method of the invention is to be introduced into or expressed in. The kit also
can contain PCR primers, including first and second primers, which can be
combined as described above to amplify a dsrecombinant nucleic acid
molecule covalently linked in one or both strands, generated using the
elements of the kit. Optionally, the kit further contains a site specific
topoisomerase in an amount useful for covalently linking in at least one strand,
a first nucleic acid molecule comprising a topoisomerase recognition site to a
second (or other) nucleic acid molecule, which can optionally be
topoisomerase-activated nucleic acid molecules or nucleotide sequences that
comprise a topoisomerase recognition site.

[0417] In still another embodiment, a kit of the invention contains a first
nucleic acid molecule, which encodes a selectable marker, and contains a
topoisomerase recognition site and/or a recombination site at each end; a first
and second PCR primer pair, which can produce a first and second
amplification products that can be covalently linked in one or both strands, to
the first nucleic acid molecule in a predetermined orientation according to a
method of the invention. Such a generated construct can be introduced into a
cell and can incorporate into the genome of the cell by homologous
recombination in a site specific manner, where it can be stably maintained and
can express a heterologous polypeptide in the cell or can knock-out a target
gene function. A target gene to be knocked-out, for example, can be any gene

for which at least part of the sequence is known or can be readily determined
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and the function of which it is desired to disrupt, for example, an oncogene, a
gene involved in apoptosis, a gene encoding a serine/threonine or a tyrosine
kinase, or any other gene.

[0418] The first PCR primer pair in a kit of the invention useful for generating
a dsrecombinant nucleic acid molecule covalently linked in both strands,
includes a first primer that comprises, in an orientation from 5'to 3, a
nucleotide sequence complementary to a §' overhanging sequence of a nucleic
acid molecule to which it is to be covalently linked (for example, an end of the
nucleic acid molecule encoding the selectable marker), a nucleotide sequence
complementary to a topoisomerase recognition site, such that PCR introduces
a functional recognition site in the opposite strand (see primer sequences in
Figure 9D), and/or a recombination site, and a nucleotide sequence
complementary to a 3' sequence of the target DNA sequence. The first PCR
primer pair also includes a second primer that comprises a nucleotide
sequence of the target DNA sequence upstream of the 3' sequence to which the
first primer is complementary.

[0419) The second PCR primer pair of a kit useful for generating a
ds recombinant nucleic acid molecule covalently linked in both strands,
includes a first primer that comprises, from 5'to 3', a nucleotide sequence
complementary to a 5' overhanging sequence of a nucleic acid molecule to
which it is to be covalently linked, a nucleotide sequence complementary to a
topoisomerase recognition, such that PCR introduces a functional recognition
site in the opposite strand (see primer sequences in Figure 9D), site and/or a
recombination site, and a nucleotide sequence of a 5' sequence of the target
DNA sequence, wherein the 5' sequence of the target gene is downstream of
the 3' sequence of the target DNA sequence to which the first primer of the
first primer pair is complementary. The second PCR primer pair also includes
a second primer that comprises a nucleotide sequence complementary to a
3'sequence of the target gene that is downstream of the 5' sequence of the

target DNA sequence contained in the first primer.
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[0420] In another embodiment, a kit of the invention useful for generating a
ds recombinant nucleic acid molecule covalently linked in both strands
contains a first nucleic acid molecule, which encodes a transcription activation
domain and comprises a topoisomerase recognition site, or cleavage product
thereof, at a 3' terminus; and a second nucleic acid molecule, which encodes a
DNA binding domain and comprises a topoisomerase recognition site and/or a
recombination site, or cleavage product thereof, at a 3'terminus. Upon
cleavage by the site specific topoisomerase, the first or second nucleic acid
molecule can have a 5' overhang, or both sequences can have 5'overhangs,
which are the same or are different from each other. Where the nucleic acid
molecules have a 5' overhang, the overhang generally is complementary to a
nucleic acid molécule to which first or second nucleic acid molecule is to be
covalently linked according to a method of the invention. The kit also can
contain one or a pair of adapters, linkers or the like, which can comprise a
topoisomerase recognition site, or cleavage product thereof, at one or both
3' termini, and, optionally, a hydroxyl group at the same terminus/termini.
Such adapters, linkers, or the like are selected such that they contain a
5' overhang that is complementary to one or the other of the two nucleic acid
molecules described above and part of the kit.

[0421] Similarly, a kit of the invention can contain one or a pair of adapters,
linkers or the like, which comprise a topoisomerase recognition site and/or a
recombination site,) or cleavage product thereof, at one or both 5' termini, and,
optionally, a hydroxyl group at the same terminus (or termini). Such adapters,
linkers, or the like are selected such that they contain a 3'overhang that is
complementary to one or the other of the two nucleic acid molecules described
above and part of the kit. In addition, the kit can contain one or a pair of
adapters, linkers or the like, which comprise a topoisomerase recognition site,
or cleavage product thereof, at one or both 5' and/or 3' termini, and, optionally,
a hydroxyl group-at the same terminus/termini.

[0422] Adapters, linkers, or the like generally are selected such that they

contain a 5' and/or a 3' overhang that is complementary to one or the other of
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the two nucleic acid molecules as disclosed herein and part of the kit. Such
adapters, linkers, or the like can be joined to the ends of nucleic acid
molecules that are to covalently linked to one or the other of the first or second
nucleic acid molecules provided with the kit, thus facilitating the construction
of chimeric polynucleotides encoding the bait and prey polypeptides useful in
a two hybﬁd assay. Such a kit also can contain a PCR primer or primer pair,
which can be used to prepare an amplified plurality of nucleotide sequences
comprising a topoisomerase recognition site, or cleavage product thereof (see
Example 1).

[0423] A PCR primer pair in a kit of the invention, which can be used for
generating' a ds recombinant nucleic acid molecule covalently linked in one
strand, can include a first primer that comprises, in an orientation from 5' to 3',
a nucleotide sequence of a 5' overhanging sequence of a nucleic acid molecule
to which it is to be linked (for example, an end of the nucleic acid molecule
encoding the selectable marker), a topoisomerase recognition site (e.g., a type
IA or type II topoisomerase recognition site) and, optionally, a recombination
site, and a nucleotide sequence complementary to a 5' sequence of the target
DNA sequence. The PCR primer pair also includes a second primer that
comprises a nucleotide sequence of the target DNA sequence downstream of
the 5' sequence to which the first primer is complementary.

[0424] In another embodiment, a kit of the invention contains a first nucleic
acid molecule, which encodes a transcription activation domain and comprises
a site-specific topoisomerase recognition site (e.g., a type IA or a type II
topoisomerase recognition site) and, optionally, a recombination site, or
cleavage product thereof, at a 5' terminus; and a second nucleic acid molecule,
which encodes a DNA binding domain and comprises a site-specific
topoisomerase recognition site (e.g., a type IA or a type II topoisomerase
recognition site), or cleavage product thereof, at a 5' terminus. Upon cleavage
by the site specific topoisomerase, the first or second nucleic acid molecule
can have a 3' overhang, or both sequences can have 3' overhangs, which are

the same or are different from each other. Where the nucleic acid molecules
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have a 3' overhang, the overhang generally is complementary to a nucleic acid
molecule to which first or second nucleic acid molecule is to be linked
according to a method of the invention. The kit also can contain one or a pair
of adapters, linkers or the like, which may comprise a site-specific
topoisomerase recognition site (e.g., a type IA or a type II topoisomerase
recognition site), a cleavage product thereof, and/or a recombination site, at
one or both 5' and/or 3' termini and/or located internally, and which can
contain a 5' overhang that is complementary to one or the other of the two
nucleic acid molecules of the kit.

[0425] A ds recombinant nucleic acid molecule covalently linked in one or
both strands, and generated according to a method of the invention, can be
used for various purposes, including, for example, for expressing a
polypeptide in a cell, for diagnosing or treating a pathologic condition, or the
like. As such, the present invention provides a medicament, which can be
useful for treating a pathologic condition by expressing a polypeptide in one or
more cells or by expressing an antisense molecule, or the like. Such a
ds recombinant nucleic acid molecule can be provided to a cell by contacting
the cell ex vivo, then administering the cell to the subject, such a method also
allowing for selection and/or expansion of the cells containing the
ds recombinant nucleic acid molecule prior to such administration, or can be
provided directly to the subject. For administration to a living subject, the
ds recombinant nucleic acid molecule, which is covalently linked in one or both
strands, generally is formulated in a composition suitable for administration to
the subject.  Thus, the invention provides compositions containing a
ds recombinant nucleic acid molecule covalently linked in one or both strands,
generated according to a method of the invention. As disclosed herein, such
nucleic acid molecules are useful as medicaments for treating a subject suffering
from a pathological condition.

[0426] A composition for administration generally is formulated using one or
more pharmaceutically acceptable carriers as well known in the art and

include, for example, aqueous solutions such as water or physiologically
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buffered saline or other solvents or vehicles such as glycols, glycerol, oils such
as olive oil or injectable organic esters. A pharmaceutically acceptable carrier
can contain physiologically acceptable compounds that act, for example, to
stabilize or to increase the absorption of the conjugate. Such physiologically
acceptable compounds include, for example, carbohydrates, such as glucose,
sucrose or dextrans, antioxidants, such as ascorbic acid or glutathione,
chelating agents, low molecular weight proteins or other stabilizers or
excipients. One skilled in the art would know that the choice of a
pharmaceutically acceptable carrier, including a physiologically acceptable
compound, depends, for example, on the route of administration of the
composition, which can be, for example, orally or parenterally such as
intravenously, and by injection, intubation, or other such method known in the
art. A composition of the invention also can contain a second reagent such as
a diagnostic reagent, nutritional substance, toxin, or therapeutic agent, for
example, a cancer chemotherapeutic agent.

[0427] The ds recombinant nucleic acid molecule covalently linked in one or
both strands, can be incorporated within an encapsulating material such as into
an oil-in-water emulsion, a microemulsion, micelle, mixed micelle, liposome,
microsphere or other polymer matrix (see, for example, Gregoriadis,
Liposome Technology, Vol. 1 (CRC Press, Boca Raton, FL. 1984); Fraley, et
al., Trends Biochem. Sci., 6:77 (1981), each of which is incorporated herein

by reference). Liposomes, for example, which consist of phospholipids or
other lipids, are nontoxic, physiologically acceptable and metabolizable
carriers that are relatively simple to make and administer. "Stealth" liposomes
(see, for example, U.S. Pat. Nos. 5,882,679; 5,395,619; and 5,225,212, each of
which is incorporated herein by reference) are an example of such
encapsulating materials particularly useful for preparing a pharmaceutical
composition, and other "masked" liposomes similarly can be used, such
liposomes extending the time that a nucleic acid molecule remains in the
circulation. Cationic liposomes, for example, also can be modified with

specific receptors or ligands (Morishita et al., J. Clin. Invest., 91:2580-2585




WO 03/103600 PCT/US03/18036

- 201 -

(1993), which is incorporated herein by reference). The nucleic acid molecule
also can be introduced into a cell by complexing it with an adenovirus-
polylysine complex (see, for example, Michael et al., J. Biol. Chem. 268:6866-
6869 (1993), which is incorporated herein by reference). Such compositions
can be particularly useful for introducing a nucleic acid molecule into a cell in
vivo or in vitro, including ex vivo, wherein the cell containing the nucleic acid
molecule is administered back to the subject (see U.S. Pat. No. 5,399,346,
which is incorporated herein by reference). A nucleic acid molecule generated
according to a method of the invention also can be introduced into a cell using

a biolistic method (see, for example, Sykes and Johnston, supra, 1999).

Host Cells

[0428] The invention also relates to host cells, or derivatives thereof,
comprising one or more of the nucleic acid molecules or vectors of the
invention, particularly those nucleic acid molecules and vectors described in
detail herein. Representative host cells that may be used according to this
aspect of the invention include, but are not limited to, bacterial cells, yeast
cells, plant cells and animal cells, and derivatives thereof. Preferred bacterial
host cells include Escherichia spp. cells (particularly E. coli cells and most
particularly E. coli strains DH10B, Stbl2, DH5a, DB3, DB3.1 (preferably E.
coli LIBRARY EFFICIENCY® DB3.1™ Competent Cells; Invitrogen
Corporation, Carlsbad, CA), DB4, DBS, JDP682 and ccdA-over (see U.S.
Application No. 09/518,188, filed March 2, 2000, and U.S. provisional
Application No. , filed June 3, 2003, by Louis Leong et al.,

entitled “Cells Resistant to Toxic Genes and Uses Thereof,” the disclosures of
which are incorporated by reference herein in their entireties); Bacillus spp.
cells (particularly B. subtilis and B. megaterium cells); Streptomyces spp.
cells; Erwinia spp. cells; Klebsiella spp. cells; Serratia spp. cells (particularly
S. marcessans cells); Pseudomonas spp. cells (particularly P. aeruginosa cells);

and Salmonella spp. cells (particularly S. typhimurium and S. typhi cells).



WO 03/103600 PCT/US03/18036
-202 -

Preferred animal host cells include insect cells (most particularly Drosophila
melanogaster cells, Spodoptera frugiperda Sf9 and Sf21 cells and Trichoplusa
High-Five cells), nematode cells (particularly C. elegans cells), avian cells,
amphibian cells (particularly Xenopus laevis cells), reptilian cells, and
mammalian cells (most particularly NIH3T3, CHO, COS, VERO, BHK and
human cells). Preferred yeast host cells include Saccharomyces cerevisiae
cells and Pichia pastoris cells. In addition, derivatives of such host cells are
suitable for use in accordance with the present invention. These and other
suitable host cells are available commercially, for example from Invitrogen
Corporation (Carlsbad, California), American Type Culture Collection
(Manassas, Virginia), and Agricultural Research Culture Collection (NRRL;
Peoria, Illinois).

[0429] Methods for introducing the nucleic acid molecules and/or vectors of
the invention into the host cells described herein, to produce host cells
comprising one or more of the nucleic acid molecules and/or vectors of the
invention, will be familiar to those of ordinary skill in the art. For instance, the
nucleic acid molecules and/or vectors of the invention may be introduced into
host cells using well known techniques of infection, transduction,
electroporation, transfection, and transformation. The nucleic acid molecules
and/or vectors of the invention may be introduced alone or in conjunction with
other the nucleic acid molecules and/or vectors and/or proteins, peptides or
RNAs.  Alternatively, the nucleic acid molecules and/or vectors of the
invention may be introduced into host cells as a precipitate, such as a calcium
phosphate precipitate, or in a complex with a lipid. Electroporation also may
be used to introduce the nucleic acid molecules and/or vectors of the invention
into a host. Likewise, such molecules may be introduced into chemically
competent cells such as E. coli. If the vector is a virus, it may be packaged in
vitro or introduced into a packaging cell and the packaged virus may be
transduced into cells. Hence, a wide variety of techniques suitable for
introducing the nucleic acid molecules and/or vectors of the invention into

cells in accordance with this aspect of the invention are well known and
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routine to those of skill in the art. Such techniques are reviewed at length, for
example, in Sambrook, J., et al., Molecular Cloning, a Laboratory Manual,
2nd Ed., Cold Spring Harbor, NY: Cold Spring Harbor Laboratory Press, pp.
16.30-16.55 (1989), Watson, J.D., et al., Recombinant DNA, 2nd Ed., New
York: W.H. Freeman and Co., pp. 213-234 (1992), and Winnacker, E.-L.,
From Genes to Clones, New York: VCH Publishers (1987), which are
illustrative of the many laboratory manuals that detail these techniques and
which are incorporated by reference herein in their entireties for their relevant

disclosures.

Polymerases

[0430] Polymerases for use in the invention include but are not limited to
polymerases (DNA and RNA polymerases), and reverse transcriptases. DNA
polymerases include, but are not limited to, Thermus thermophilus (Tth) DNA
polymerase, Thermus aquaticus (Taq) DNA polymerase, Thermotoga
neopolitana (Tne) DNA polymerase, Thermotoga maritima (Tma) DNA
polymerase, Thermococcus litoralis (Tli or VENT™) DNA polymerase,
Pyrococcus furiosus (Pfu) DNA polymerase, DEEPVENT™ DNA
polymerase, Pyrococcus woosii (Pwo) DNA polymerase, Pyrococcus sp
KOD2 (KOD) DNA polymerase, Bacillus sterothermophilus (Bst) DNA
polymerase, Bacillus caldophilus (Bca) DNA polymerase, Sulfolobus
acidocaldarius (Sac) DNA polymerase, Thermoplasma acidophilum (Tac)
DNA polymerase, Thermus flavus (Tfl/Tub) DNA polymerase, Thermus ruber
(Tru) DNA polymerase, Thermus brockianus (DYNAZYME™) DNA
polymerase, Methanobacterium  thermoautotrophicum  (Mth) DNA
polymerase, mycobacterium DNA polymerase (Mtb, Mlep), E. coli pol IDNA
polymerase, T5 DNA polymerase, T7 DNA polymerase, and generally pol I
type DNA polymerases and mutants, variants and derivatives thereof. RNA
polymerases such as T3, T5, T7 and SP6 and mutants, variants and derivatives

thereof may also be used in accordance with the invention.
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[0431] The nucleic acid polymerases used in the present invention may be
mesophilic or thermophilic, and are preferably thermophilic. Preferred
mesophilic DNA polymerases include Pol I family of DNA polymerases (and
their respective Klenow fragments) any of which may be isolated from
organism such as E. coli, H. influenzae, D. radiodurans, H. pylori, C.
aurantiacus, R. prowazekii, T.pallidum, Synechocystis sp., B. subtilis, L.
lactis, S. pneumoniae, M. tuberculosis, M. leprae, M. smegmatis,
Bacteriophage L5, phi-C31 , T7, T3, T5, SP01, SP02, mitochondrial from S.
cerevisiae MIP-1, and eukaryotic C. elegans, and D. melanogaster (Astatke,
M. et al., 1998, J. Mol. Biol. 278, 147-165), pol III type DNA polymerase
isolated from any sources, and mutants, derivatives or variants thereof, and the
like. Preferred thermostable DNA polymerases that may be used in the
methods and compositions of the invention include Taq, Tne, Tma, Pfu, KOD,
Tfl, Tth, Stoffel fragment, VENT™ and DEEPVENT™ DNA polymerases,
and mutants, variants and derivatives thereof (U.S. Patent No. 5,436,149; U.S.
Patent 4,889,818; U.S. Patent 4,965,188; U.S. Patent 5,079,352; U.S. Patent
5,614,365; U.S. Patent 5,374,553; U.S. Patent 5,270,179; U.S. Patent
5,047,342; U.S. Patent No. 5,512,462; WO 92/06188; WO 92/06200; WO
96/10640; WO 97/09451; Barnes, W.M., Gene 112:29-35 (1992); Lawyer,
F.C., et al., PCR Meth. Appl. 2:275-287 (1993); Flaman, J.-M, et al., Nucl.
Acids Res. 22(15):3259-3260 (1994)).

[0432] Reverse transcriptases for use in this invention include any enzyme
having reverse transcriptase activity. Such enzymes include, but are not
limited to, retroviral reverse transcriptase, retrotransposon reverse
transcriptase, hepatitis B reverse transcriptase, cauliflower mosaic virus
reverse transcriptase, bacterial reverse transcriptase, Tth DNA polymerase,
Taq DNA polymerase (Saiki, R.K., et al., Science 239:487-491 (1988); U.S.
Patent Nos. 4,889,818 and 4,965,188), Tne DNA polymerase (WO 96/10640
and WO 97/09451), Tma DNA polymerase (U. S. Patent No. 5,374,553) and
mutants, variants or derivatives thereof (see, e.g., WO 97/09451 and WO

08/47912). Preferred enzymes for use in the invention include those that have
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reduced, substantially reduced or eliminated RNase H activity. By an enzyme
"substantially reduced in RNase H activity" is meant that the enzyme has less
than about 20%, more preferably less than about 15%, 10% or 5%, and most
preferably less than about 2%, of the RNase H activity of the corresponding
wildtype or RNase H" enzyme such as wildtype Moloney Murine Leukemia
Virus (M-MLV), Avian Myeloblastosis Virus (AMV) or Rous Sarcoma Virus
(RSV) reverse transcriptases. The RNase H activity of any enzyme may be
determined by a variety of assays, such as those described, for example, in
U.S. Patent No. 5,244,797, in Kotewicz, M.L., et al., Nucl. Acids Res. 16:265
(1988) and in Gerard, G.F., et al., FOCUS 14(5):91 (1992), the disclosures of
all of which are fully incorporated herein by reference. Particularly preferred
polypeptides for use in the invention include, but are not limited to, M-MLV
H" reverse transcriptase, RSV H reverse transcriptase, AMV H reverse
transcriptase, RAV (rous-associated virus) H reverse transcriptase, MAV
(myeloblastosis-associated virus) H™ reverse transcriptase and HIV H reverse
transcriptase. (See U.S. Patent No. 5,244,797 and WO 98/47912). It will be
understood by one of ordinary skill, however, that any enzyme capable of
producing a DNA molecule from a ribonucleic acid molecule (i.e., having
reverse transcriptase activity) may be equivalently used in the compositions,
methods and kits of the invention.

[0433] The enzymes having polymerase activity for use in the invention may
be obtained commercially, for example from Invitrogen Corporation
(Carlsbad, California), Perkin-Elmer (Branchburg, New Jersey), New England
BioLabs (Beverly, Massachusetts) or Boehringer Mannheim Biochemicals
(Indianapolis, Indiana). Enzymes having reverse transcriptase activity for use
in the invention may be obtained commercially, for example from Invitrogen
Corporation (Carlsbad, California), Pharmacia (Piscataway, New Jersey),
Sigma (Saint Louis, Missouri) or Boehringer Mannheim Biochemicals
(Indianapolis, Indiana). Alternatively, polymerases or reverse transcriptases
having polymerase activity may be isolated from their natural viral or bacterial

sources according to standard procedures for isolating and purifying natural
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proteins that are well-known to one of ordinary skill in the art (see, e.g.,
Houts, G.E., et al, J. Virol 29:517 (1979)). In addition, such
polymerases/reverse transcriptases may be prepared by recombinant DNA
techniques that are familiar to one of ordinary skill in the art (see, e.g.,
Kotewicz, M.L., et al., Nucl. Acids Res. 16:265 (1988); U.S. Patent No.
5,244,797, WO 98/47912; Soltis, D.A., and Skalka, A.M., Proc. Natl. Acad.
Sci. USA 85:3372-3376 (1988)). Examples of enzymes having polymerase
activity and reverse transcriptase activity may include any of those described

in the present application.

Methods of Nucleic Acid Synthesis, Amplification and Sequencing

[0434] The present invention may be used in combination with any method
involving the synthesis of nucleic acid molecules, such as DNA (including
c¢DNA) and RNA molecules. Such methods include, but are not limited to,
nucleic acid synthesis methods, nucleic acid amplification methods and
nucleic acid sequencing methods. Such methods may be used to prepare
molecules (e.g., starting molecules) used in the invention or to further
manipulate molecules or vectors produced by the invention.

[0435] Nucleic acid synthesis methods according to this aspect of the
invention may comprise one or more steps. For example, the invention
provides a method for synthesizing a nucleic acid molecule comprising (a)
mixing a nucleic acid template (e.g., a nucleic acid molecules or vectors of the
invention) with one or more primers and one or more enzymes having
polymerase or reverse transcriptase activity to form a mixture; and (b)
incubating the mixture under conditions sufficient to make a first nucleic acid
molecule complementary to all or a portion of the template. According to this
aspect of the invention, the nucleic acid template may be a DNA molecule
such as a cDNA molecule or library, or an RNA molecule such as a mRNA
molecule. Conditions sufficient to allow synthesis such as pH, temperature,

ionic strength, and incubation times may be optimized by those skilled in the
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art. If desired, recombination sites and/or topoisomerase recognition sites may
be added to such synthesized molecules during or after the synthesis process
(see for sample, U.S. Patent Application No. 09/177,387 filed 10/23/98 based
on U. S. provisional patent application no. 60/065,930 filed October 24, 1997).
[0436] In accordance with the invention, the target or template nucleic acid
molecules or libraries may be prepared from nucleic acid molecules obtained
from natural sources, such as a variety of cells, tissues, organs or organisms.
Cells that may be used as sources of nucleic acid molecules may be
prokaryotic (bacterial cells, including those of species of the genera
Escherichia, Bacillus, Serratia, Salmonella, Staphylococcus, Streptococcus,
Clostridium, \Chlamydia, Neisseria, Treponema, Mpycoplasma, Borrelia,
Legionella, Pseudomonas, Mycobacterium, Helicobacter, Erwinia,
Agrobacterium, Rhizobium, and Streptomyces) or eukaryotic (including fungi
(especially yeast’s), plants, protozoans and other parasites, and animals
including insects (particularly Drosophila spp. cells), nematodes (particularly
Caenorhabditis elegans cells), and mammals (particularly human cells)).
[0437] Of course, other techniques of nucleic acid synthesis which may be
advantageously used will be readily apparent to one of ordinary skill in the art.
[0438] In other aspects of the invention, the invention may be used in
combination with methods for amplifying or sequencing nucleic acid
molecules. Nucleic acid amplification methods according to this aspect of the
invention may include the use of one or more polypeptides having reverse
transcriptase activity, in methods generally known in the art as one-step (e.g.,
one-step RT-PCR) or two-step (e.g, two-step RT-PCR) reverse
transcriptase-amplification reactions. For amplification of long nucleic acid
molecules (i.e., greater than about 3-5 Kb in length), a combination of DNA
polymerases may be used, as described in WO 98/06736 and WO 95/16028.
[0439] Amplification methods according to the invention may comprise one
or more steps. For example, the invention provides a method for amplifying a
nucleic acid molecule comprising (a) mixing one or more enzymes with

polymerase activity with one or more nucleic acid templates; and (b)
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incubating the mixture under conditions sufficient to allow the enzyme with
polymerase activity to amplify one or more nucleic acid molecules
complementary to all or a portion of the templates. The invention also
provides nucleic acid molecules amplified by such methods. If desired,
recombination sites may be added to such amplified molecules during or after
the amplification process (see for example, U.S. Patent Application No.
09/177,387 filed October 23, 1998, based on U.S. provisional patent
application no. 60/065,930 filed October 24, 1997, the disclosures of which
are incorporated herein by reference in their entireties).

[0440] General methods for amplification and analysis of nucleic acid
molecules or fragments are well known to one of ordinary skill in the art (see,
e.g., U.S. Pat. Nos. 4,683,195; 4,683,202; and 4,800,159; Innis, M.A,, et al.,
eds., PCR Protocols: A Guide to Methods and Applications, San Diego,
California: Academic Press, Inc. (1990); Griffin, H.G., and Griffin, A.M., eds.,
PCR Technology: Current Innovations, Boca Raton, Florida: CRC Press
(1994)). For example, amplification methods which may be used in
accordance with the present invention include PCR (U.S. Patent Nos.
4,683,195 and 4,683,202), Strand Displacement Amplification (SDA; U.S.
Patent No. 5,455,166; EP 0 684 315), and Nucleic Acid Sequence-Based
Amplification (NASBA; U.S. Patent No. 5,409,818; EP 0 329 822).

[0441] Typically, these amplification methods comprise: (a) mixing one or
more enzymes with polymerase activity with the nucleic acid sample in the
presence of one or more primer sequences, and (b) amplifying the nucleic acid
sample to generate a collection of amplified nucleic acid fragments, preferably
by PCR or equivalent automated amplification technique.

[0442] Following amplification or synthesis by the methods of the present
invention, the amplified or synthesized nucleic acid fragments may be isolated
for further use or characterization. This step is usually accomplished by
separation of the amplified or synthesized nucleic acid fragments by size or by
any physical or biochemical means including gel electrophoresis, capillary

electrophoresis, ~ chromatography  (including  sizing, affinity —and
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immunochromatography), density gradient centrifugation and
immunoadsorption. Separation of nucleic acid fragments by gel
electrophoresis is particularly preferred, as it provides a rapid and highly
reproducible means of sensitive separation of a multitude of nucleic acid
fragments, and permits direct, simultaneous comparison of the fragments in
several samples of nucleic acids. One can extend this approach, in another
preferred embodiment, to isolate and characterize these fragments or any
nucleic acid fragment amplified or synthesized by the methods of the
invention. Thus, the invention is also directed to isolated nucleic acid
molecules produced by the amplification or synthesis methods of the
invention.

[0443] In this embodiment, one or more of the amplified or synthesized
nucleic acid fragments are removed from the gel which was used for
identification (see above), according to standard techniques such as
electroelution or physical excision. The isolated unique nucleic acid
fragments may then be inserted into standard vectors, including expression
vectors, suitable for transfection or transformation of a variety of prokaryotic
(bacterial) or eukaryotic (yeast, plant or animal including human and other
mammalian) cells. Alternatively, nucleic acid molecules produced by the
methods of the invention may be further characterized, for example by
sequencing (i.e., determining the nucleotide sequence of the nucleic acid
fragments), by methods described below and others that are standard in the art
(see, e.g., U.S. Patent Nos. 4,962,022 and 5,498,523, which are directed to
methods of DNA sequencing).

[0444] Nucleic acid sequencing methods according to the invention may
comprise one or more steps. For example, the invention may be combined
with a method for sequencing a nucleic acid molecule comprising (a) mixing
an enzyme with polymerase activity with a nucleic acid molecule to be
sequenced, one or more primers, one or more nucleotides, and one or more
terminating agents (such as a dideoxynucleotides) to form a mixture; (b)

incubating the mixture under conditions sufficient to synthesize a population
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of molecules complementary to all or a portion of the molecule to be
sequenced; and (c) separating the population to determine the nucleotide
sequence of all or a portion of the molecule to be sequenced.

[0445] Nucleic acid sequencing techniques which may be employed include
dideoxy sequencing methods such as those disclosed in U.S. Patent Nos.
4,962,022 and 5,498,523.

Kits

[0446] In another aspect, the invention provides kits which may be used in
conjunction with the invention. Kits of the invention may contain any number
of components but typically will contain at least two components. Kits
according to this aspect of the invention may comprise one or more containers,
which may contain one or more components selected from the group
consisting of one or more nucleic acid molecules or vectors of the invention,
one or more primers, the molecules and/or compounds of the invention,
supports of the invention, one or more polymerases, one or more reverse
transcriptases, one or more recombination proteins (or other enzymes for
carrying out the methods of the invention), one or more topoisomerases, one
or more buffers, one or more detergents, one or more restriction
endonucleases, one or more nucleotides, one or more terminating agents (e.g.,
ddNTPs), one or more transfection reagents, pyrophosphatase, and the like.
The kits of the invention may also comprise instructions for carrying out
methods of the invention.

[0447] For example, a kit of the invention may comprise (1) a first nucleic
acid molecule which comprises one or more (e.g., 1,2, 3,4,5,6,7,8,9, 10,
etc.) recombination sites and/or one or more (e.g., 1, 2, 3, 4, 5, 6, 7, 8, 9, 10,
etc.) toposiomerase recognition sites and (2) instructions for covalently linking
the first nucleic molecule to another nucleic acid molecule using methods
described herein. In particular embodiments, the instructions describe

methods for linking two or more nucleic molecules in either one or both
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strands. In a related embodiment, the first nucleic acid molecule is
topoisomerase adapted prior to inclusion in the kit.

[0448] Additional kits of the invention can contain, for example, one or more
topoisomerase-charged nucleic acid molecule substrates, which can include
one or more control nucleic acid sequences which can be useful, for example,
to test the accuracy or fidelity of the components of the kit; one or more
topoisomerases; one or more compositions comprising one Or more
topoisomerases; one or more recombinases (or recombination proteins); one or
more compositions comprising one or more recombinases (or recombination
proteins); one or more primers, which can comprise at least one topoisomerase
recognition site and/or at least one recombination site, a nucleotide sequence
complementary to at least one topoisomerase recognition site and/or at least
one recombination site, or both at least one topoisomerase recognition site and
at least one nucleotide sequence complementary to at least one topoisomerase
recognition site; one or more cells, which can contain or be useful for
containing a nucleic acid molecule of the kit or generated using the kit; one or
more reagents, polymers, buffers, or the like, for performing a method using
the kit; instructions for performing a method using the kit; and the like.

[0449] In another aspect, a kit of the invention may contain a nucleic acid
molecule having a first end and a second end, and encoding a polypeptide to
be expressed, for example, a selectable marker, wherein the nucleic acid
molecule comprises a topoisomerase recognition site or cleavage product
thereof at the 3'terminus of one or both ends. Optionally, the nucleic acid
molecule contains a hydroxyl group at the 5' terminus of one or both of the
other ends, i.e., at the ends that do not contain a topoisomerase recognition site
or that are not topoisomerase-charged. Further, one or both 5'termini may
comprise overhanging sequences, which are different from each other. A kit
of the invention also can contain a nucleic acid molecule having a first end and
a second end, and encoding a polypeptide to be expressed, for example, a
selectable marker, wherein the nucleic acid molecule comprises a

topoisomerase recognition site or cleavage product thereof at the 5'terminus
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of one or both ends. Optionally, the nucleic acid molecule contains a hydroxyl
group at the 3'terminus of one or both ends, and preferably, one or both
3'termini comprise overhanging sequences, which are different from each
other. In addition, a kit of the invention can contain a nucleic acid molecule
having a first end and a second end, and encoding a polypeptide to be
expressed, for example, a selectable marker, wherein the nucleic acid
molecule comprises a topoisomerase recognition site or cleavage product
thereof at the 5' terminus and the 3' terminus of one or both ends. As such, it
should be recognized that a kit of the invention can include any of various
combinations of such nucleic acid molecules comprising one or more
topoisomerase recognition sites or topoisomerase-charged nucleic acid
molecules.

[0450] A kit of the invention also can contain a nucleic acid molecule
comprising a regulatory element or other nucleotide sequence, for example, a
coding sequence, and a topoisomerase recognition site and/or a recombination
site, or cleavage product thereof, at a 3' terminus of at least a first end and,
optionally, a hydroxyl group at the 5'terminus of an end containing the
recognition site; or comprising a topoisomerase recognition site or cleavage
product thereof at a 5' terminus of at least a first end, and, optionally, a
hydroxyl group at the 3' terminus of the end containing the recognition site; or
comprising a topoisomerase recognition site at the 5' terminus and 3' terminus
of at least a first end. In certain embodiments, the kit may contain a variety of
upstream regulatory elements, a variety of downstream regulatory elements, a
variety of elements useful detecting or identifying a molecule containing the
element, and combinations thereof. For example, the kit can contain a variety
of gene promoter elements, which are active constitutively or inducibly and in
a few or many different types of cells, elements that permit ribosome binding
such as an internal ribosome entry site, an element encoding a Kozak sequence
or an initiator methionine, or the like. In addition, or alternatively, the kit can
contain a variety of downstream regulatory elements such a polyadenylation

signal sequences, sequences that terminate transcription or translation, or the
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like. Similarly, the kit can contain elements encoding detectable markers such
as epitope tags, or the like. In certain such aspects of the invention, the kit
contains a variety of such elements, each of which contains at least one
topoisomerase recognition site and/or at least one recombination site. In
certain other such aspects, these elements may contain an overhanging
sequence such that they can be operably covalently linked to each other or to a
nucleic acid molecule encoding a polypeptide such as a selectable marker
according to a method of the invention.

[0451] Optionally, the kit contains element specific primers, which can
amplify a construct containing one of the variety of elements included in the
kit. Where the kit contains such primers, the nucleic acid molecules
comprising the regulatory or other element has a nucleotide sequence that can
be specifically recognized by the primer and that results in extension of the
primer through and including the regulatory element. In particular, the kit can
contain element specific forward and reverse primers, which can be combined
to produce a primer pair that amplifies, for example, a construct containing a
particular 5' regulatory element and a particular 3' regulatory element of the
kit. Such a primer pair can selectively amplify a desired functional covalently
linked ds nucleic acid molecule generated according to a method of the
invention, but does not amplify partial reaction products.

[0452] In another embodiment, a kit of the invention contains a first nucleic
acid molecule, which has a first end and a second end, contains a
topoisomerase recognition site, or cleavage product thereof, and/or a
recombination site, at or near one or both 3' termini, and encodes a
transcription activation domain; and a second nucleic acid molecule, which
has a first end and a second end, contains a topoisomerase recognition site, or
cleavage product thereof, at or near one or both 3' termini, and encodes a DNA
binding domain; or contains a first nucleic acid molecule, which has a first end
and a second end, contains a topoisomerase recognition site, or cleavage
product thereof, and/or a recombination site, at or near one or both 5' termini,

and encodes a transcription activation domain; and a second nucleic acid
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molecule, which has a first end and a second end, contains a topoisomerase
recognition site, or cleavage product thereof, and/or a recombination site, at or
near one or both 5' termini, and encodes a DNA binding domain. A kit of the
invention also can contain a first nucleic acid molecule, which has a first end
and a second end, and encodes a transcription activation domain, and a second
nucleic acid molecule, which has a first end and a second end, and encodes a
DNA binding domain, wherein at least the first nucleic acid molecule or the
second nucleic acid molecule contains a topoisomerase recognition site, or
cleavage product thereof, at or near a 5' terminus and at or near 3' terminus of
at least one end, and wherein the other ds nucleotide contains a 3' hydroxyl
and 5' hydroxyl at the end to be covalently linked to the end of the nucleic acid
molecule comprising the recognition sites. Such a kit is useful, for example,
for generating covalently linked ds recombinant nucleic acid molecules
encoding chimeric polypeptides for performing a two hybrid assay. The kit
can further contain a primer pair, which can amplify a nucleotide sequence to
be operably linked to the first or second nucleic acid molecule, wherein at
least one primer of the primer pair comprises a topoisomerase recognition site,
a complement of a topoisomerase recognition site, or both. Preferably, an
amplification product generated using such a primer pair contains, following
cleavage by a site-specific topoisomerase, a 3' or 5' overhanging sequence that
is complementary to the first or second nucleic acid molecule to which it is to
be covalently linked. Such a kit can facilitate the generation of recombinant
polynucleotides that comprise a first or second nucleotide sequence of the kit
and encode a chimeric polypeptide useful for performing a two hybrid assay.
[0453] The present invention also relates to additional kits for carrying out the
methods of the invention, and particularly for use in creating the product
nucleic acid molecules of the invention. The invention also relates to kits for
carrying out homologous recombination (particularly gene targeting)
according to the methods of the invention. Such kits of the invention may also
comprise further components for further manipulating the recombination

site-containing molecules and/or compounds produced by the methods of the



WO 03/103600 PCT/US03/18036

-215-

invention. The kits of the invention may comprise one or more nucleic acid
molecules of the invention (particularly starting molecules comprising one or
more recombination sites and optionally comprising one or more reactive
functional moieties), one or more molecules and/or compounds of the
invention, one or more supports of the invention and/or one or more vectors of
the invention. Such kits may optionally comprise one or more additional
components selected from the group consisting of one or more host cells or
derivatives thereof, one or more nucleotides, one or more polymerases and/or
reverse transcriptases, one or more suitable buffers, one or more primers, one
or more terminating agents, one or more populations of molecules for creating
combinatorial libraries and one or more combinatorial libraries.

[0454] In another embodiment, a kit of the invention contains a first nucleic
acid molecule, which encodes a polypeptide, particularly a selectable marker,
and contains a topoisomerase recognition site at each end. In certain preferred
such embodiments, the first nucleic acid molecule is a circular molecule (for
example, a plasmid, vector, etc.) and comprises at least one recombination
site, and more preferably at least two recombination sites, flanking the one or
more, preferably two or more, topoisomerase recognition sites on the
molecule. Preferably, the first nucleotide sequence comprises a
topoisomerase-activated nucleotide sequence. More preferably, the
topoisomerase-charged first nucleotide sequence comprises a 5' overhanging
sequence at each end, and most preferably the 5' overhanging sequences are
different from each other. Optionally, each of the 5'termini comprises a
5' hydroxyl group.

[0455] Kits according to this aspect of the invention may also contain at least
a nucleotide sequence comprising a regulatory element, which can be an
upstream or downstream regulatory element, or other element, which contains
one or more topoisomerase recognition sites and, optionally, contains one or
more recombination sites at one or both ends. Preferably, the kit contains a
plurality of nucleic acid molecules, each comprising a different regulatory

element or other element, for example, a sequence encoding a tag or other



WO 03/103600 PCT/US03/18036

-216 -

detectable molecule or a cell compartmentalization domain. The different
elements can be different types of a particular regulatory element, for
example, constitutive or inducible promoters or tissue specific promoters, or
can be different types of elements including, for example, transcriptional and
translational regulatory elements, epitope tags, and the like. Such nucleic acid
molecules can be topoisomerase-activated, and can contain 5' overhanging
sequences that facilitate operably covalently linking the elements in a
predetermined orientation, particularly such that a polypeptide such as a
selectable marker is expressible in vitro or in one or more cell types.

[0456] Such kits also may contain primers, including first and second primers,
such that a primer pair comprising a first and second primer can be selected
and used to amplify a desired covalently linked ds recombinant nucleic acid
molecule generated using components of the kit. For example, the primers can
include first primers that are complementary to elements that generally are
positioned at the 5' end of a generated ds recombinant nucleic acid molecule,
for example, a portion of a nucleic acid molecule comprising a promoter
element, and second primers that are complementary to elements that
generally are positioned at the 3' end of a generated ds recombinant nucleic
acid molecule, for example, a portion of a nucleic acid molecule comprising a
transcription termination site or encoding an epitope tag. Depending on the
elements selected from the kit for generating a covalently linked
ds recombinant nucleic acid molecule, the appropriate first and second primers
can be selected and used to amplify a full length functional construct.

[0457] In another embodiment, a kit of the invention contains a plurality of
different elements, each of which can be topoisomerase-activated at one or
both ends, and each of which can contain a 5' overhanging sequence. The 5'
overhanging sequences can be unique to a particular element, or can be
common to plurality of related elements, for example, to a plurality of
different promoter element. Preferably, the 5'overhanging sequences of
elements are designed such that one or more elements can be operably

covalently linked to provide a useful function, for example, an element
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comprising a Kozak sequence and an element comprising a translation start
site can have complementary 5' overhangs such that the elements can be
operably covalently linked according to a method of the invention.

[0458] The plurality of elements in the kit can comprise any elements,
including transcription or translation regulatory elements; elements required
for replication of a nucleotide sequence in a bacterial, insect, yeast, or
mammalian host cell; elements comprising recognition sequences for site
specific nucleic acid binding proteins such as restriction endonucleases or
recombinases; elements encoding expressible products such as epitope tags or
drug resistance genes; and the like. As such, a kit of the invention provides a
convenient source of different elements that can be selected depending, for
example, on the particular cells that a construct generated according to a
method of the invention is to be introduced into or expressed in. The kit also
can contain PCR primers, including first and second primers, which can be
combined as described above to amplify a covalently linked ds recombinant
nucleic acid molecule generated using the elements of the kit. Optionally, the
kit further contains one or more topoisomerases (e.g., one or more site-specific
topoisomerases) and/or one or more recombinases (or recombination proteins)
in an amount useful for covalently linking a first nucleic acid molecule
comprising a topoisomerase recognition site to a second (or other) nucleic acid
molecule, which can be topoisomerase-activated nucleic acid molecules or can
be nucleotide sequences that comprise a topoisomerase recognition site.

[0459] In still another embodiment, a kit of the invention contains a first
nucleic acid molecule, which encodes a selectable marker, and contains a
topoisomerase recognition site at each end; a first and second PCR primer
pair, which can produce a first and second amplification products that can be
covalently linked to the first nucleic acid molecule in a predetermined
orientation according to a method of the invention. Such a generated construct
can be introduced into a cell and can incorporate into the genome of the cell
by homologous recombination in a site specific manner, where it can be stably

maintained and can express a heterologous polypeptide in the cell or can
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knock-out a target gene function. A target gene to be knocked-out, for
example, can be any gene for which at least part of the sequence is known or
can be readily determined and the function of which it is desired to disrupt, for
example, an oncogene, a gene involved in apoptosis, a gene encoding a
serine/threonine or a tyrosine kinase, or any other gene.

[0460] The first PCR primer pair in a kit of the invention includes a first
primer that comprises, in an orientation from 5' to 3', a nucleotide sequence
complementary to a 5' overhanging sequence of a nucleic acid molecule to
which it is to be covalently linked (for example, an end of the nucleic acid
molecule encoding the selectable marker), a nucleotide sequence
complementary to a topoisomerase recognition site, such that PCR introduces
a functional recognition site in the opposite strand (see primer sequences in
Figure 9D), and/or to a recombination site, and a nucleotide sequence
complementary to a 3' sequence of the target DNA sequence. The first PCR
primer pair also includes a second primer that comprises a nucleotide
sequence of the target DNA sequence upstream of the 3' sequence to which the
first primer is complementary.

[0461] The second PCR primer pair of a kit of the invention includes a first
primer that comprises, from 5' to 3', a nucleotide sequence complementary to a
5' overhanging sequence of a nucleic acid molecule to which it is to be
covalently linked, a nucl