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SITE-SPECIFIC SERINE RECOMBINASES AND 
METHODS OF THEIR USE 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH 

[0001] This invention Was made With government support 
under Grant No. 70NANB1H3062, awarded by National 
Institute of Standards and Technology, Advance Technology 
Program. The Government may have certain rights in the 
invention. 

FIELD OF THE INVENTION 

[0002] The present invention relates to the ?eld of genetic 
engineering. Speci?cally the invention relates to composi 
tions and methods for site-speci?cally integrating, deleting, 
inverting, exchanging, and translocating a polynucleotide 
into the genome of a cell. The invention also relates to 
enzyme, polynucleotides, polypeptides, and vector con 
structs. 

BACKGROUND OF THE INVENTION 

[0003] Many bacteriophage and integrative plasmids 
encode site-speci?c recombination systems that enable the 
stable incorporation of their genome into those of their hosts 
and excision of the genome from the host genome. In these 
systems, the minimal requirements for the recombination 
reaction are a recombinase enzyme, Which catalyzes the 
recombination event, and tWo recombination sites (Sad 
oWski (1986) J. Bacteriol. 165: 341-347; SadoWski (1993) 
FASEB J. 7: 760-767). For phage integration systems, these 
are referred to as attachment (att) sites, With an attP element 
from phage DNA and the attB element present in the 
bacterial genome. The tWo attachment sites can share as 
little sequence identity as a feW base pairs. The recombinase 
protein binds to both att sites and catalyzes a conservative 
and reciprocal exchange of DNA strands that result in 
integration of the circular phage or plasmid DNA into host 
DNA. Additional phage or host factors, such as the DNA 
bending protein IHF, integration host factor, may be required 
for an ef?cient reaction (Friedman (1988) Cell 55:545-554; 
Finkel & Johnson (1992) Mol. Microbiol. 6: 3257-3265). 
Phage integrases, in association With other host and/or phage 
factors, also excise the phage genome from the bacterial 
genome during the lytic phase of bacteriophages groWth 
cycle. Several methods have been developed alloWing the 
manipulation of mammalian genomes in order to elucidate 
the relevance and function of particular genes of interest. 
Among them, the development of transgenic mouse strains 
and gene-targeting technologies have turned out to be par 
ticularly useful (Brandon, E. P., Idzerda, R. L. and McK 
night, G. S. (1995) Curr Biol, 5, 625-34; Brandon, E. P., 
Idzerda, R. L. and McKnight, G. S. (1995) Curr Biol, 5, 
758-65). These techniques have undergone a neW advance 
With the characterization and application of site-speci?c 
recombinases (Kilby, N. 1., Snaith, M. R. and Murray, I. A. 
(1993) Trends Genet, 9,413-21). 
[0004] Site-speci?c recombinases can be separated into 
tWo major families. The ?rst one (the Int family or tyrosine 
recombinase family) comprises those enzymes that catalyze 
recombination betWeen sites located either in the same DNA 
molecule (intramolecular recombination leading to resolu 
tion, excision, or inversion) or in separate DNA molecules 
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(intermolecular recombination leading to integration) 
(Sauer, B. (1993) Methods Enzymol, 225, 890-900; 
Dymecki, S. M. (1996) Proc NatlAcad Sci USA, 93, 6191-6; 
Abremski, K. and Hoess, R. (1984) J Biol Chem, 259, 
1509-14; Nash, H. A. (1996) in Escherichia coli and Sal 
monella cellular and molecular biology, ed. F. C. Neidhart, 
R. I. Curtis, J. L. Ingraham, E. C. C. Lin, K. B. LoW, B. 
Magasanik, W. S. Rezaikolf, M. Riley, M. Schaechter and H. 
E. Umbager (A. S. M. Press, Washington DC), pp. 2363-7). 
The latter property has been exploited to alloW targeted 
insertion of speci?c sequences in precise locations (Sauer, B. 
and Henderson, N. (1990) The New Biologist, 2, 441-9; 
Fukushige, S. and Sauer, B. (1992) Proc. Natl. Acad. Sci. 
USA, 89, 7905-9). The recombinases that have been used for 
manipulating mammalian genomes have been mainly the 
Cre and the FTP proteins, Which belong to the Int family 
(Kilby, N. 1., Snaith, M. R. and Murray, I. A. (1993) Trends 
Genet, 9,413-21). The target sequences for these enzymes, 
named loxP sites for the Cre enzyme and FRT for the Flp 
enzyme, consist of a short inverted repeat to Which the 
protein binds. The recombination process is operative 
through long distances (up to 70 kb) in the genome. Using 
these enzymes, several authors have reported site- and 
tissue-speci?c DNA recombination in murine models 
(DiSanto, J. P., Muller, W., Guy, G. D., Fischer, A. and 
RajeWsky, K. (1995) Proc Natl Acad Sci USA, 92, 377-81; 
Gu, H., Marth, J. D., Orban, P. C., Mossmann, H. and 
RajeWsky, K. (1994) Science, 265, 103-6; Kuhn, R., Sch 
Wenk, F., Aguet, M. and RajeWsky, K. (1995) Science, 269, 
1427-9; Orban, P. C., Chui, D. and Marth, J. D. (1992) Proc. 
Natl. Acad. Sci. USA, 89, 6861-5), chromosomal transloca 
tions in plants and animals (Deursen, J. v., Fornerod, M., 
Rees, B. v. and Grosveld, G. (1995) Proc. Natl. Acad. Sci. 
USA, 92, 7376-80; Medberry, S. L., Dale, E., Qin, M. and 
OW, D. W. (1995) Nucleic Acids Res, 23, 485-90; Osborne, 
B. I., Wirtz, U. and Baker, B. (1995) Plant], 7, 687-701) and 
targeted induction of speci?c genes (Pichel, J. G., Lakso, M. 
and Westphal, H. (1993) Oncogene, 8, 3333-42). The Cre 
loxP system has also been used in combination With induc 
ible promoters, such as the interferon gamma inducible 
promoter, that Was used to provoke gene ablation in liver 
With high ef?ciency and to a less extent in other tissues 
(Kuhn, R., SchWenk, F., Aguet, M. and RajeWsky, K. (1995) 
Science, 269, 1427-9). This site-speci?c recombination sys 
tem, hoWever, only alloWs the induction of a reduced 
number of recombination events in the same genome. Since 
each recombination reaction leaves a target sequence for the 
recombinase in the genome at the crossover site, and 
because recombinases (e.g. Cre and Flp) can catalyze inter 
molecular recombination, the Whole process may lead to 
undesired chromosomal rearrangements. 

[0005] The second family of recombinases are collectively 
termed resolvases/invertases family or serine family (Grind 
ley, N. D. F. (1994) in Nucleic Acids and Molecular Biology, 
ed. F. Eckstein and D. M. J. Lilley (Springer-Verlag, Berlin), 
pp. 236-67, (Smith, M. C. and Thorpe, H. M. (2000) Mol. 
Microbiol., 44, 299-307)). These site-speci?c recombinases, 
Which include enzymes that catalyze intramolecular and 
intermolecular reactions, could have an advantage over the 
Int family of recombinases. Serine recombinases that cata 
lyze phage integration (integrases) are especially Well 
adapted for use as genetic engineering tools. So far three 
serine recombinases, <|>C31, R4 and TP901-1, have been 
examined in mammalian cells (Groth, A. C. and Calos, M. 
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P. (2004) J. M01. Biol. 335, 667-678). These recombinases 
Were observed to be autonomous, to have simple att 
sequences and have the ability to function in mammalian 
cells. As little or no recombination betWeen any combination 
of sites other than attP or attB has been observed, the 
integrations are unidirectional and there is a high integration 
frequency. Serine recombinases provide a signi?cant advan 
tage over the prior recombination systems employing the use 
of members of the Int family of recombinases. These 
enZymes have numerous applications. One Way is the place 
ment of att sites into the genome of an organism and use as 
targets for recombination. 

[0006] Applicant has identi?ed novel serine recombinases 
that demonstrate robust activity in various mammalian cells 
and in plant cells, as Well as the ability to stably integrate a 
polynucleotide into the genome of a host cell or excise a 
polynucleotide from the genome of a host cell. 

SUMMARY OF THE INVENTION 

[0007] The present invention provides compositions and 
methods for obtaining stable, site-speci?c recombination in 
a eukaryotic cell. Contrary to previously described methods 
for site-speci?c recombination, the present recombinases 
and methods of their use provide for stable, irreversible, 
site-speci?c recombination. 

[0008] The compositions of the present invention provide 
for a recombinase polypeptide that mediates site-speci?c 
recombination betWeen a ?rst recombination site and a 
second recombination site. In some embodiments, the 
nucleic acids further include recombination sites recogniZed 
by the recombinase polypeptide. 

[0009] The methods involve providing a eukaryotic cell 
that comprises a ?rst recombination site and a second 
recombination site, Which second recombination site can 
serve as a substrate for recombination With the ?rst recom 
bination site. The ?rst and the second recombination sites 
are contacted With a prokaryotic recombinase polypeptide, 
resulting in recombination betWeen the recombination sites. 
Either or both of the recombination sites can be present in a 
chromosome of the eukaryotic cell. In some embodiments, 
one of the recombination sites is present in the chromosome 
and the other is included Within a nucleic acid that is to be 
integrated into the chromosome. 

[0010] The invention also provides eukaryotic cells that 
contain a prokaryotic recombinase polypeptide or a nucleic 
acid that encodes a prokaryotic recombinase. In these 
embodiments, the recombinase can mediate site-speci?c 
recombination betWeen a ?rst recombination site and a 
second recombination site that can serve as a substrate for 
recombination With the ?rst recombination site. In preferred 
embodiments the recombinases are selected from the group 
consisting of a Listeria monocylogenes phage, a Streptococ 
cus pyogenes phage, a Bacillus sublilis phage, a Mycobac 
Zerium tuberculosis phage and a Mycobaclerium smegmalis 
phage. More preferably, the recombinase is selected from 
the group consisting of Al 18 recombinase, SF370.1 recom 
binase, SP[3c2 recombinase, ¢Rvl recombinase, and Bxbl 
recombinase. 

[0011] In additional embodiments, the invention provides 
methods for obtaining a eukaryotic cell having a stably 
integrated polynucleotide sequence. These methods involve 
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introducing a nucleic acid into a eukaryotic cell that com 
prises a ?rst recombination site, Wherein the nucleic acid 
comprises the transgene of interest and a second recombi 
nation site Which can serve as a substrate for recombination 
With the ?rst recombination site. The ?rst and second 
recombination sites are contacted With a prokaryotic recom 
binase polypeptide. The recombinase polypeptide catalyZes 
recombination betWeen the ?rst and second recombination 
sites, resulting in integration of the nucleic acid at the ?rst 
recombination site. 

[0012] The ability of phage recombinases to speci?cally 
and ef?ciently direct recombination betWeen DNA 
sequences in living cells makes them potentially useful in a 
variety of genetic engineering applications. Such applica 
tions include integration, excision, inversion, translocation 
and cassette exchange of polynucleotide sequences. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 depicts a schematic representation of the 
Transient Intramolecular Recombination Assay (TIRA) used 
to assay the ability of the recombinase to detect recombi 
nation betWeen attP and attB sites on a target or assay 
plasmid as described in the Examples. 

[0014] FIG. 2 demonstrates the results of the TIRA for 
various recombinases performed in human embryonic kid 
ney (HEK293) cells. 

[0015] FIG. 3 demonstrates the results of the TIRA for 
various recombinases performed in mouse NIH3T3 cells. 

[0016] FIG. 4 demonstrates the results of the TIRA for 
various recombinases performed in Chinese hamster ovary 
(CHO) cells. 

[0017] FIG. 5 demonstrates the results of the TIRA for 
various recombinases performed in human HeLa cells. 

[0018] FIG. 6 demonstrates the results of the TIRA for 
various recombinases performed in rat bone marroW stromal 
cells. 

[0019] FIG. 7 demonstrates the results of the TIRA for 
various recombinases performed in mouse neural stem cells. 

[0020] FIG. 8 demonstrates the results of the TIRA assay 
for A118 recombinase performed in tobacco BY2 cells. 

[0021] FIG. 9 depicts a schematic representation of stable 
integration of plasmid DNA containing attP or attB sequence 
into HEK293 chromosome containing the attB or attP site. 

[0022] FIG. 10 demonstrates the results of PCR ampli? 
cation of attL and attR sites folloWing stable integration of 
plasmid DNA containing attP or attB sequence into HEK293 
cell chromosome containing the attB or attP site. 

[0023] FIG. 11 depicts a schematic representation of exci 
sion of stably integrated STOP sequence and activation of 
luciferase activity due to recombinase. 

[0024] FIG. 12 demonstrates the results of excision of 
stably integrated STOP sequence and activation of luciferase 
activity due to recombinase. 

[0025] FIG. 13 depicts a schematic representation of inser 
tion or integration of a plasmid containing attP or attB 
recombination site at the native pseudo attB or pseudo attP 
site present in HEK293 cells. 
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[0026] FIG. 14 demonstrates the nucleotide sequences of 
native pseudo attB sites for SF370.1 and SP[3c2 recombi 
nases identi?ed in HEK293 cells. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

De?nitions 

[0027] In this disclosure, a number of terms and abbre 
viations are used. The following de?nitions are provided and 
should be helpful in understanding the scope and practice of 
the present invention. 

[0028] In a speci?c embodiment, the term “about” or 
“approximately” means Within 20%, preferably Within 10%, 
more preferably Within 5%, and even more preferably Within 
1% of a given value or range. 

[0029] “Recombinase” as used herein refers to a group of 
enZymes that can facilitate site-speci?c recombination 
betWeen de?ned sites, Where the sites are physically sepa 
rated on a single DNA molecule or Where the sites reside on 
separate DNA molecules. The DNA sequences of the de?ned 
recombination sites are not necessarily identical. Initiation 
of recombination depends on protein-DNA interaction, 
Within the group there are large number of proteins that 
catalyZe phage integration and excision (e.g., 7t integrase, 
<|>C3l), resolution of circular plasmids (e.g., Tn3, gamma 
delta, Cre, Flp), DNA inversion for expression of alternate 
genes (e.g., Hin, Gin, Pin), assembly of genes during devel 
opment (e.g., Anabaena nitrogen ?xation genes), and trans 
position (e.g., IS607 transposon). Most site-speci?c recom 
binases fall into one of the tWo families, based on 
evolutionary and mechanistic relatedness. These are 7» inte 
grase family or tyrosine recombinases (e. g., Cre, Flp, Xer D) 
and resolvase/integrase family or serine recombinase family 
(e.g., <|>C3l, TP90l-l, Tn3, gamma delta). 
[0030] “Recombination attachment sites” are speci?c 
polynucleotide sequences that are recogniZed by the recom 
binase enZymes described herein. Typically, tWo different 
sites are involved (termed “complementary sites”), one 
present in the target nucleic acid (e.g., a chromosome or 
episome of a eukaryote or prokaryote) and another on the 
nucleic acid that is to be integrated at the target recombi 
nation site. The terms “attB” and “attP,” Which refer to 
attachment (or recombination) sites originally from a bac 
terial target and a phage donor, respectively, are used herein 
although recombination sites for particular enZymes may 
have different names. The recombination sites typically 
include left and right arms separated by a core or spacer 
region. Thus, an attB recombination site consists of B0B‘, 
Where B and B' are the left and right arms, respectively, and 
O is the core region. Similarly, attP is POP', Where P and P' 
are the arms and O is again the core region. Upon recom 
bination betWeen the attB and attP sites, and concomitant 
integration of a nucleic acid at the target, the recombination 
sites that ?ank the integrated DNA are referred to as “attL” 
and “attR.” The attL and attR sites, using the terminology 
above, thus consist of BOP' and POB', respectively. In some 
representations herein, the “O” is omitted and attB and attP, 
for example, are designated as BB' and PP', respectively. 

[0031] The term “substantially free” means that a compo 
sition comprising “A” (Where “A” is a single protein, DNA 
molecule, vector, recombinant host cell, etc.) is substantially 
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free of “B” (Where “B” comprises one or more contaminat 
ing proteins, DNA molecules, vectors, etc.) When at least 
about 75% by Weight of the proteins, DNA, vectors (depend 
ing on the category of species to WhichA and B belong) in 
the composition is “A”. Preferably, “A” comprises at least 
about 90% by Weight of the A+B species in the composition, 
most preferably at least about 99% by Weight. It is also 
preferred that a composition, Which is substantially free of 
contamination, contain only a single molecular Weight spe 
cies having the activity or characteristic of the species of 
interest. 

[0032] The term “isolated” for the purposes of the present 
invention designates a biological material (nucleic acid or 
protein) that has been removed from its original environ 
ment (the environment in Which it is naturally present). For 
example, a polynucleotide present in the natural state in a 
plant or an animal is not isolated, hoWever the same poly 
nucleotide separated from the adjacent nucleic acids in 
Which it is naturally present, is considered “isolated”. The 
term “puri?ed” does not require the material to be present in 
a form exhibiting absolute purity, exclusive of the presence 
of other compounds. It is rather a relative de?nition. 

[0033] A polynucleotide is in the “puri?ed” state after 
puri?cation of the starting material or of the natural material 
by at least one order of magnitude, preferably 2 or 3 and 
preferably 4 or 5 orders of magnitude. 

[0034] A “nucleic acid” is a polymeric compound com 
prised of covalently linked subunits called nucleotides. 
Nucleic acid includes polyribonucleic acid (RNA) and 
polydeoxyribonucleic acid (DNA), both of Which may be 
single-stranded or double-stranded. DNA includes but is not 
limited to cDNA, genomic DNA, plasmids DNA, synthetic 
DNA, and semi-synthetic DNA. DNA may be linear, circu 
lar, or supercoiled. 

[0035] A “nucleic acid molecule” refers to the phosphate 
ester polymeric form of ribonucleosides (adenosine, gua 
nosine, uridine or cytidine; “RNA molecules”) or deoxyri 
bonucleosides (deoxyadenosine, deoxyguanosine, deox 
ythymidine, or deoxycytidine; “DNA molecules”), or any 
phosphoester analogs thereof, such as phosphorothioates 
and thioesters, in either single stranded form, or a double 
stranded helix. Double stranded DNA-DNA, DNA-RNA 
and RNA-RNA helices are possible. The term nucleic acid 
molecule, and in particular DNA or RNA molecule, refers 
only to the primary and secondary structure of the molecule, 
and does not limit it to any particular tertiary forms. Thus, 
this term includes double-stranded DNA found, inter alia, in 
linear or circular DNA molecules (e.g., restriction frag 
ments), plasmids, and chromosomes. In discussing the struc 
ture of particular double-stranded DNA molecules, 
sequences may be described herein according to the normal 
convention of giving only the sequence in the 5' to 3' 
direction along the non-transcribed strand of DNA (i.e., the 
strand having a sequence homologous to the mRNA). A 
“recombinant DNA molecule” is a DNA molecule that has 
undergone a molecular biological manipulation. 

[0036] The term “fragment” Will be understood to mean a 
nucleotide sequence of reduced length relative to the refer 
ence nucleic acid and comprising, over the common portion, 
a nucleotide sequence identical to the reference nucleic acid. 
Such a nucleic acid fragment according to the invention may 
be, Where appropriate, included in a larger polynucleotide of 
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Which it is a constituent. Such fragments comprise, or 
alternatively consist of, oligonucleotides ranging in length 
from at least 6, 8, 9, 10, 12, 15, 18, 20, 21, 22, 23, 24, 25, 
30, 39, 40, 42, 45, 48, 50, 51, 54, 57, 60, 63, 66, 70, 75, 78, 
80, 90, 100, 105, 120, 135, 150, 200, 300, 500, 720, 900, 
1000 or 1500 consecutive nucleotides of a nucleic acid 
according to the invention. 

[0037] As used herein, an “isolated nucleic acid fragment” 
is a polymer of RNA or DNA that is single- or double 
stranded, optionally containing synthetic, non-natural or 
altered nucleotide bases. An isolated nucleic acid fragment 
in the form of a polymer of DNA may be comprised of one 
or more segments of cDNA, genomic DNA or synthetic 
DNA. 

[0038] A “gene” refers to an assembly of nucleotides that 
encode a polypeptide, and includes cDNA and genomic 
DNA nucleic acids. “Gene” also refers to a nucleic acid 
fragment that expresses a speci?c protein or polypeptide, 
including regulatory sequences preceding (5' non-coding 
sequences) and folloWing (3' non-coding sequences) the 
coding sequence. “Native gene” refers to a gene as found in 
nature With its oWn regulatory sequences. “Chimeric gene” 
refers to any gene that is not a native gene, comprising 
regulatory and/or coding sequences that are not found 
together in nature. Accordingly, a chimeric gene may com 
prise regulatory sequences and coding sequences that are 
derived from different sources, or regulatory sequences and 
coding sequences derived from the same source, but 
arranged in a manner different than that found in nature. A 
chimeric gene may comprise coding sequences derived from 
different sources and/or regulatory sequences derived from 
different sources. “Endogenous gene” refers to a native gene 
in its natural location in the genome of an organism. A 
“foreign” gene or “heterologous” gene refers to a gene not 
normally found in the host organism, but that is introduced 
into the host organism by gene transfer. Foreign genes can 
comprise native genes inserted into a non-native organism, 
or chimeric genes. A “transgene” is a gene that has been 
introduced into the genome by a transformation procedure. 

[0039] “Heterologous” DNA refers to DNA not naturally 
located in the cell, or in a chromosomal site of the cell. 
Preferably, the heterologous DNA includes a gene foreign to 
the cell. 

[0040] The term “genome” includes chromosomal as Well 
as mitochondrial, chloroplast and viral DNA or RNA. 

[0041] A nucleic acid molecule is “hybridizable” to 
another nucleic acid molecule, such as a cDNA, genomic 
DNA, or RNA, When a single stranded form of the nucleic 
acid molecule can anneal to the other nucleic acid molecule 
under the appropriate conditions of temperature and solution 
ionic strength (see Sambrook et al., 1989 infra). Hybridiza 
tion and Washing conditions are Well knoWn and exempli?ed 
in Sambrook, 1., Fritsch, E. F. and Maniatis, T. Molecular 
Cloning: A Laboratory Manual, Second Edition, Cold 
Spring Harbor Laboratory Press, Cold Spring Harbor 
(1989), particularly Chapter 11 and Table 11.1 therein 
(entirely incorporated herein by reference). The conditions 
of temperature and ionic strength determine the “stringency” 
of the hybridization. 

[0042] Stringency conditions can be adjusted to screen for 
moderately similar fragments, such as homologous 
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sequences from distantly related organisms, to highly simi 
lar fragments, such as genes that duplicate functional 
enzymes from closely related organisms. For preliminary 
screening for homologous nucleic acids, loW stringency 
hybridization conditions, corresponding to a Tm of 55°, can 
be used, e.g., 5x SSC, 0.1% SDS, 0.25% milk, and no 
formamide; or 30% formamide, 5x SSC, 0.5% SDS). Mod 
erate stringency hybridization conditions correspond to a 
higher Tm, e.g., 40% formamide, with 5x or 6><SCC. High 
stringency hybridization conditions correspond to the high 
est Tm, e.g., 50% formamide, 5x or 6><SCC. 

[0043] Hybridization requires that the tWo nucleic acids 
contain complementary sequences, although depending on 
the stringency of the hybridization, mismatches betWeen 
bases are possible. The term “complementary” is used to 
describe the relationship betWeen nucleotide bases that are 
capable of hybridizing to one another. For example, With 
respect to DNA, adenosine is complementary to thymine 
and cytosine is complementary to guanine. Accordingly, the 
instant invention also includes isolated nucleic acid frag 
ments that are complementary to the complete sequences as 
disclosed or used herein as Well as those substantially 
similar nucleic acid sequences. 

[0044] In a speci?c embodiment of the invention, poly 
nucleotides are detected by employing hybridization condi 
tions comprising a hybridization step at Tm of 55° C., and 
utilizing conditions as set forth above. In a preferred 
embodiment, the Tm is 600 C.; in a more preferred embodi 
ment, the Tm is 63° C.; in an even more preferred embodi 
ment, the Tm is 65° C. 

[0045] Post-hybridization Washes also determine strin 
gency conditions. One set of preferred conditions uses a 
series of Washes starting with 6x SSC, 0.5% SDS at room 
temperature for 15 minutes (min), then repeated with 2x 
SSC, 0.5% SDS at 45° C. for 30 minutes, and then repeated 
tWice with 02x SSC, 0.5% SDS at 50° C. for 30 minutes. A 
more preferred set of stringent conditions uses higher tem 
peratures in Which the Washes are identical to those above 
except for the temperature of the ?nal tWo 30 min Washes in 
0.2>< SSC, 0.5% SDS Was increased to 60° C. Another 
preferred set of highly stringent conditions uses tWo ?nal 
Washes in 0.1>< SSC, 0.1% SDS at 65° C. Hybridization 
requires that the tWo nucleic acids comprise complementary 
sequences, although depending on the stringency of the 
hybridization, mismatches betWeen bases are possible. 

[0046] The appropriate stringency for hybridizing nucleic 
acids depends on the length of the nucleic acids and the 
degree of complementation, variables Well knoWn in the art. 
The greater the degree of similarity or homology betWeen 
tWo nucleotide sequences, the greater the value of Tm for 
hybrids of nucleic acids having those sequences. The rela 
tive stability (corresponding to higher Tm) of nucleic acid 
hybridizations decreases in the folloWing order: RNA:RNA, 
DNA:RNA, DNA:DNA. For hybrids of greater than 100 
nucleotides in length, equations for calculating Tm have been 
derived (see Sambrook et al., supra, 9.50-0.51). For hybrid 
ization With shorter nucleic acids, i.e., oligonucleotides, the 
position of mismatches becomes more important, and the 
length of the oligonucleotide determines its speci?city (see 
Sambrook et al., supra, 11.7-11.8). 

[0047] In a speci?c embodiment of the invention, poly 
nucleotides are detected by employing hybridization condi 
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tions comprising a hybridization step in less than 500 mM 
salt and at least 37 degrees Celsius, and a Washing step in 
2><SSPE at least 63 degrees Celsius. In a preferred embodi 
ment, the hybridization conditions comprise less than 200 
mM salt and at least 37 degrees Celsius for the hybridization 
step. In a more preferred embodiment, the hybridization 
conditions comprise 2><SSPE and 63 degrees Celsius for 
both the hybridization and Washing steps. 

[0048] In one embodiment, the length for a hybridizable 
nucleic acid is at least about 10 nucleotides. Preferably a 
minimum length for a hybridizable nucleic acid is at least 
about 15 nucleotides; more preferably at least about 20 
nucleotides; and most preferably the length is at least 30 
nucleotides. Furthermore, the skilled artisan Will recognize 
that the temperature and Wash solution salt concentration 
may be adjusted as necessary according to factors such as 
length of the probe. 

[0049] The term “probe” refers to a single-stranded 
nucleic acid molecule that can base pair With a complemen 
tary single stranded target nucleic acid to form a double 
stranded molecule. 

[0050] As used herein, the term “oligonucleotide” refers to 
a nucleic acid, generally of at least 18 nucleotides, that is 
hybridizable to a genomic DNA molecule, a cDNA mol 
ecule, a plasmid DNA or an mRNA molecule. Oligonucle 
otides can be labeled, e.g., With 32P-nucleotides or nucle 
otides to Which a label, such as biotin, has been covalently 
conjugated. A labeled oligonucleotide can be used as a probe 
to detect the presence of a nucleic acid. Oligonucleotides 
(one or both of Which may be labeled) can be used as PCR 
primers, either for cloning full length or a fragment of a 
nucleic acid, or to detect the presence of a nucleic acid. An 
oligonucleotide can also be used to form a triple helix With 
a DNA molecule. Generally, oligonucleotides are prepared 
synthetically, preferably on a nucleic acid synthesizer. 
Accordingly, oligonucleotides can be prepared With non 
naturally occurring phosphoester analog bonds, such as 
thioester bonds, etc. 

[0051] A “primer” is an oligonucleotide that hybridizes to 
a target nucleic acid sequence to create a double stranded 
nucleic acid region that can serve as an initiation point for 
DNA synthesis under suitable conditions. Such primers may 
be used in a polymerase chain reaction. 

[0052] “Polymerase chain reaction” is abbreviated PCR 
and means an in vitro method for enzymatically amplifying 
speci?c nucleic acid sequences. PCR involves a repetitive 
series of temperature cycles With each cycle comprising 
three stages: denaturation of the template nucleic acid to 
separate the strands of the target molecule, annealing a 
single stranded PCR oligonucleotide primer to the template 
nucleic acid, and extension of the annealed primer(s) by 
DNA polymerase. PCR provides a means to detect the 
presence of the target molecule and, under quantitative or 
semi-quantitative conditions, to determine the relative 
amount of that target molecule Within the starting pool of 
nucleic acids. 

[0053] “Reverse transcription-polymerase chain reaction” 
is abbreviated RT-PCR and means an in vitro method for 
enzymatically producing a target cDNA molecule or mol 
ecules from an RNA molecule or molecules, folloWed by 
enzymatic ampli?cation of a speci?c nucleic acid sequence 
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or sequences Within the target cDNA molecule or molecules 
as described above. RT-PCR also provides a means to detect 
the presence of the target molecule and, under quantitative 
or semi-quantitative conditions, to determine the relative 
amount of that target molecule Within the starting pool of 
nucleic acids. 

[0054] A DNA “coding sequence” is a double-stranded 
DNA sequence that is transcribed and translated into a 
polypeptide in a cell in vitro or in vivo When placed under 
the control of appropriate regulatory sequences. “Suitable 
regulatory sequences” refer to nucleotide sequences located 
upstream (5' non-coding sequences), Within, or doWnstream 
(3' non-coding sequences) of a coding sequence, and Which 
in?uence the transcription, RNA processing or stability, or 
translation of the associated coding sequence. Regulatory 
sequences may include promoters, translation leader 
sequences, introns, polyadenylation recognition sequences, 
RNA processing site, effector binding site and stem-loop 
structure. The boundaries of the coding sequence are deter 
mined by a start codon at the 5' (amino) terminus and a 
translation stop codon at the 3' (carboxyl) terminus. A coding 
sequence can include, but is not limited to, prokaryotic 
sequences, cDNA from mRNA, genomic DNA sequences, 
and even synthetic DNA sequences. If the coding sequence 
is intended for expression in a eukaryotic cell, a polyade 
nylation signal and transcription termination sequence Will 
usually be located 3' to the coding sequence. 

[0055] “Open reading frame” is abbreviated ORF and 
means a length of nucleic acid sequence, either DNA, cDNA 
or RNA, that comprises a translation start signal or initiation 
codon, such as an ATG or AUG, and a termination codon and 
can be potentially translated into a polypeptide sequence. 

[0056] The term “head-to-head” is used herein to describe 
the orientation of tWo polynucleotide sequences in relation 
to each other. TWo polynucleotides are positioned in a 
head-to-head orientation When the 5' end of the coding 
strand of one polynucleotide is adjacent to the 5' end of the 
coding strand of the other polynucleotide, Whereby the 
direction of transcription of each polynucleotide proceeds 
aWay from the 5' end of the other polynucleotide. The term 
“head-to-head” may be abbreviated (5')-to-(5') and may also 
be indicated by the symbols (3%) or (3'<:>5'5'—>3'). 

[0057] The term “tail-to-tail” is used herein to describe the 
orientation of tWo polynucleotide sequences in relation to 
each other. TWo polynucleotides are positioned in a tail-to 
tail orientation When the 3' end of the coding strand of one 
polynucleotide is adjacent to the 3' end of the coding strand 
of the other polynucleotide, Whereby the direction of tran 
scription of each polynucleotide proceeds toWard the other 
polynucleotide. The term “tail-to-tail” may be abbreviated 
(3')-to-(3') and may also be indicated by the symbols (Qs) 
or (5'Q3'3'<:>5'). 

[0058] The term “head-to-tail” is used herein to describe 
the orientation of tWo polynucleotide sequences in relation 
to each other. TWo polynucleotides are positioned in a 
head-to-tail orientation When the 5' end of the coding strand 
of one polynucleotide is adjacent to the 3' end of the coding 
strand of the other polynucleotide, Whereby the direction of 
transcription of each polynucleotide proceeds in the same 
direction as that of the other polynucleotide. The term 
“head-to-tail” may be abbreviated (5')-to-(3') and may also 
be indicated by the symbols (QQ) or (5'Q3'5'—>3'). 












































































