SITE-SPECIFIC SERINE RECOMBINASES AND METHODS OF THEIR USE STATEMENT
REGARDING FEDERALLY SPONSORED RESEARCH [00011 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 field of genetic engineering.
Specifically the inygntigpireinias spieomnasdonsansme g fersiespesificatiritiegrating, deleting,
inverting, exchanging, and translocating a polynueleotide into the genome of a cell. The invention also
relates to enzyme, polynucleotides, polypeptides, and vector constructs. BACKGROUND OF THE
INVENTION [0003] Many baeteriophage and integrative plasmids encode site-specific recombination
systems that enable theleEBMENEJEEE ! AR doma D tidde gEsRakHAsts and excision of
the genome from the host genome. In these systems, the minimal requirements for the recombination
reaction ardM9d tEhhREEEoE A RaISTHIBIEQUSTAREFE S IRaT HBETH BEtHIM AVSABHE 8 recombination
sites (Sadowekidd Op8)iBerieiin. ot 8hinddds 34T T SaeVESKIARANR) T-AREBe): Fodll: 767). For phage
integration %gtemglg%%s% %%ecgﬁgeﬁ? to aﬁeal'g‘gecrtll%ent (att) sites, with an attP element from phage
DNA and the a?{gneieme;ﬁ preseni inthe bactena genome. The two attachment sites can share as
little sequence identity as a few base pallELPHE EEERABARSE Ghotein binds to both att sites and
catalyzes a conservative and reciprocal exchange of DNA strands that result in integration of the
circular pha§8® Bhesrrsier REeHias FROEDNAS Radiriemtisiragasrndstredisalysheastine DNA
bending preteirsRdkoiniegrstiomhesidantar smaybetanpimsionanietisigniveastondhrgdman (1988)
Cel 55:545, o, Einkel & Johnson (1992) Mul Migroiol, & 3287;3268). Fhiage niegrases, In
association With 8iher host Aralor phage factore. also excise \e phage genome from the bacterial
genome dupigntistedides prdgessidoa ensrisphngastgesvth 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 the e nic mouse strains and
gene-targeting technologies have t E1A ‘ g 6% %%Mﬁﬁmandon, E. P., ldzetda, R. L.
and McKnight, G. S. (1995) Curr Blot, 5,625-34; Brandon, E. P., Idzerda, R. L. and McKnight, G. S.
(1995) Carrl 88813/ 5368ihessend chingpias e ds saedsotie-eeriliy trdomhimetipithystrms that
characterizafign. andapilication flosite unesificne camRbeasesiKilbys Malx-RnRitTdM ¢Roaled Murray,
J. A. (1993) Trends Genet, 9,413-2

from the host genome. these) systems, the minimal requirements for the recombination reaction are

a recombinase enzyme, which catalyzes the recombination event, and two recombination sites
(Sadowski (1986) J. Bacteriol. 165: 341-347; Sadowski (1993) FASEB J. 7: 760-767). For phage
integration systems, these are referred to as attachment (a#f) sites, with an a#P element from phage
DNA and the a#/B 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 a#f 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 efficient 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 fransgenic mouse strains and gene-
targeting technologies have turned out to be particularly useful (Brandon, E. P., Idzerda, R. L. and
McKnight, 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



[00041 Site-specific recombinases can be separated into two major families. The first one (the hit
family or tyrosine recombinase family) comprises those enzymes that catalyze recombination between
sites located either in the same DNA molecule (intramolccular recombination leading to resolution,
excision, or inversion) or in separate DNA molecules (intermolecular recombination leading to
integration) (Sauer, B. (1993) Methods Enzymol, 225, 890-900; Dymecki, S. M. (1996) Proc Nati Acad
Set USA, 93461916 ARIeISIgh &k HESeRud 19BALBIRL Ghem n25%,15RA%14; Nash, H. A. (1996)

in Escherichia coil and Salmonella cellular and molecular biology ., ed. F. C. Neidhart, R 1. Curtis, I. L.
Ingraham, EXET8% ) 1y (%8) 1760¢< §eRfagddartik: w. S. Rezaikoff, M. Riley, M. Schaechter and H. E.
Umbager (A. S. M. Press, Washington D.C.), pp. 2363-7). The latter property has been exploited to
allow- targei[@@QH%&@GH%*@SE@@W@Q@&&@WW%@@@@IWM Teuilicsy, Bhedingt preridiedsbn, N.
(1990) The) Mﬁrilﬂy%'@dﬁﬂ é%{e %c&ﬂﬂiﬁﬁsﬁalﬁm%lwﬁp&eﬂi?@sgwfmﬁtﬁés%%byﬁ’er%?muaﬁ%ad. S%i. US@’
89, 7905-9). The recombinases, that have used for man ulati malian omes have been
mainly the CF& SR Sfﬁen]ﬁ?%t%ro g?ﬁén{\}v ich eISi}E})ng 0 ue%{laﬁr glml ?%FB R r%%ﬁfﬂngi\}f) R. and
Murray, J. Arc§d098), Treinids, @en‘etfsgm.bslmépﬁfﬁeW@@@w‘i@ﬁm&eﬂn@s@mmnnamed loitP
sites for the1&%@@&%@@%&&1{&0@tfe@@mwmgn%%m@f@@wtm%dsw 9a§dg which the

protein binds. The recombination process is operative through lo dlstance up to 70 kb) in the

genome. UsiAgEEbdBAIEE, Snardr i fthsrestabe Feboray %lt IEH (i fdepetific DNA%
recombinatidiasin Furine MpddisciBiSanto/ihniR Sdihelo\be/[ BuynGnllecHisdhabgA., ahd Rajewslicy, K
(1995) Pfoclv%é?&hﬁ%dﬁ@wssﬁﬂ? %éﬁzn% SAs) |ﬂm “ﬁaﬂhmlw% 1@&&@&1&7@@ Mossman, H. and

Rajewsky, K §1994) Science, 265, ‘Schwenk; F., Aguet, M. and Rajewsky, K. (1995)
Science, 265194 8chestis 2pst b Ecifagst Eﬁ’rcﬁ NYREESS, ‘TS“&%?) Biod, PNa%T’@@éJ@d?”@SA 89,

6861-5), chranrespmalbtansidcatibnsin planiscdntkanimalsidodisregnentey in bRuieeatas Rees, B. v.
and Grosvel 9 O-Medberr; in, M.

and Ow, D. @V%@%S%?\l){%}eﬁsA:%sﬁRggg J%Né’dv%%g%éré oZrArEIe%EF‘MHq1 T é/lﬁn nc}l %afie(rl%%z (1995)
Plant J, 7, 687270ttt datgelEHi8 O HSI? ot iseernabianes pidae bse@seéékrs@mwu&ﬁagvvestphw

H. (1993) Oneagenen, g%n&se%&rﬁzzbeﬂaex&f@-dw&éyﬂem ng@@ts@l@a@mus@&@t@ammm@ with

inducible pr interferon r t S used to rovoke gene
ablation in |I(\€/%]I’ i?ﬁ fﬁ;ﬁ %lc%}gr%cy §n§ Ies ?(9'[%} t fﬁe’% Be |§§u2e{sggﬁh ﬁleliar%c?nﬂ/enf( °F., Aguet,
M. and Rajelisibgeknzrossygeitlesl siadon iy 719 pryiis §%F%§é@ﬁﬁh€r@@@ﬁmmﬁ9ﬁﬁ1§ygfém however,
only allows Uﬁﬁr{ﬂﬂ&é@é@E’e@éa@tB&@H@l@ﬂx@MUi&ﬁ'b@lﬁﬁemm*éﬂaﬁﬂjﬂﬂﬂ%h‘éé& ibg eame aeRgMBnoince

each recom |nat|on C sata e nce for the reco in the genome at the
crossover s@e Enls kgu c?a&gé(? com agqgsttg5 %L% te an p)s%‘éeﬁa QP %‘ﬁ?é?ﬁ‘i’%@c%ﬁ%raé
recomblnatl@@%@Wﬁ@l@%ﬁ@é@@hﬁ&@@%@ﬁ@eéﬁ@@ﬁﬁi@més}brﬁéﬂleaWa@elniéﬂls. [0005] The

second familyef4eaOMBIRASE AR cOUOStivENEIMEa) B%ﬁ@lv@@@S@W@{tQﬁ?ﬁfqmw §ﬁrine family
(Grindley, N, D. F. (1994) in Nuc é?leCA and Mo ecular BIO|O% F. Eckstein and B. M. J. L|IIey

ids ,
(Springer- VerTB@1 'Be ir]i\jioﬁsﬁl% aind(cg?’h Rkt A8t MB(EO%M1 Seherskibe, 4
299-307)). These Mte@ﬂmmlmdi)ﬁilﬂﬁﬁaé”e&zzwh%ﬁ iHgide(ebayhds, tﬁmlcatatymmtramﬁ)lecular and
intermoleculanseppHaNg, SOMIiNAYE AN, 39 VAHAgE &Y&{1$El%1¥["nf£fmé/a{?&{sel ?Q@QQ&F&&&&P“‘?

recombinases that catalyze phage integration (mtegrases%are especiall | adapted for use as

genetic engifiFiT {obtd G MrdteSehnt FREGIABIFAsES( AR B 5‘{4&@9&1 BAadte been
examined in7avarmaitdbeeellS. (Gimtl, AXDiaid.GabSyMDPW(200%) B.Niod. &idd . 2352 58T58108). These
recombinasegwere eﬁqsw 9190583 BHIQNEMAS, 19 NAYE, SIBPIE 2'&1?&%%% mdu:ﬂlon(% %etcr}? ability to

function in mammialian cells. 'As little or o recombination between any combination &s other than
attP or attB BESHEEHONsEnEHsthdittdghaathelde(Lehdemsan dhdhefdisTasfghiotegration
frequency. Sestae Kecospbisases m@wﬁiﬁnatﬁi@mfﬂmmhadma}ma@&@vaﬁm mea&éﬁs@mguﬂ@fﬁon systems
employing the use of me bgﬁs of the | fam|I of rec mas S. Thg?‘ggrg %¥mes Dnumerous

or

u01 e ron 1 was use TOV! ce ene a Ver w 1CI1CNC é
appllcatlons ne W y IS t acemen of att Slt Into t enome 0 ganis use as targets

for recombirfatfsh !W@@@BT%‘E?@I(K&M I%sﬁ@é’fmﬁeﬂ et §ér?@i’é Pélfb‘ﬁ&blﬁaé@ih&tl@iémé@%trate robust
activity in varipugmammalapseiisraishimplanials, Renerl, asiihaaRility frstabinintearate a
polynucleotld\%@ éh%ﬁ%@ng of a host cell or excgse [folélnu leotide. from the nlorne of a host
cell. SUMMA RASK 067 T HhE b esent i ation Providss E5SsaSRERE and
methods fortetseiismgrstabidhsinscopaetic rederivimatiorilincaoegkeryiotienseicc@ontrarpbinmesviously
described methods for site-specific recombination, the present recombinases and methods of their use
provide for stable, irreversible, site-specific recombination. [0008] The compositions of the present
invention provide for a reeombinase polypeptide thamediates site-specific recombination between a

first recombination site and a second recombination site. In some embodiments, the nucleic acids
further include recombination sites recognized by the recombinase polypeptide.



[00091 The methods involve providing a eultaryotic cell that comprises a first recombination site and a
second recombination site, which second recombination site can serve as a substrate for
recombination with the first recombination site. The first 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(egllCls s0mp embadinenisoneaidhececsmabinatioivsile iccprasenteid the chromosome
and the othecr1 IS.| Igrded Withlin a anIeic tacid that is to be integrated into the chromosome. [00101The

. . ndaesired cRromosomal rearra; €nts. . . . .
invention also provides eukaryotic cells that contain a prokaryotic recombinase polypeptide or a

nucleic acightaf eHcadlE:a-RIAKBF YQlmbRGobIDasRIRdReseaNRRAIRaNSthstesamRinase can

mediate site-specific recombination between a first recombination site and a second recombination

site that cafir86ria A% G Libstr Nt rdr FEEOMBINAEISI At (e Hlerwen Riratieh S rpratmed
embodimentsvthie Ir'elegmﬂpfh@sesfcar@séééﬁtgdﬁr@_ﬁﬁ-ﬂie@ﬁ@ﬂhpﬁdoﬁgﬁi ﬁ@@@ﬁi@t&ﬁ%ﬁ)M@cytoggnes
phew:, a ?g‘?&@%‘i’.?%’ﬁ%?@ﬁﬂeﬁ?&%ﬂ@mﬁgﬁﬁ&ﬂ&’%‘ﬁ%@f& Qﬁélg%c%%%%tﬁﬂp&at%@rCU'°S'S

phage and a Mycobacteriunz Smegmatis phage. More preferably, the recombina se is Selected from
the group ESFEISIREIGFAL I TatisBTSREI08E 7B P EctmbIANEE BpdbeBtfiintse, ORYy
recombinegicantiBxbl recomkidanen{00 ik} tataddivonslierpbodimenisthe inveptanpresides methods
for obtaining a eukaryotic cell having a.stably infegrated poly-nucleotide seguenge. T ethods
involve intraogﬁﬁtg%éra&%uaél5?863&& Mo a ¢ 3 gfzf'r'% i%arce eﬁlséaeﬁégFﬁ%%?gbé%age?ir@%%’c%ﬁn%ﬁ%r? site,

wherein thé hexd brcaeiamdor privestthban spsyénetbiifteredalng Mde @) e dbrhbiehiidh site which
can serve ggrassiostrate forrseambinationwity tbedissbrespmpipatiansiig. Jhsfirsiang.gecond

recombination sites are caontacted with a prolcaryotic.recombinase polypeptide. The reeombinase
Nyl bRt i s B RS Y S B e
integrationcofrifisatiorcidigtacithert thae firStorecthhbirratiorbsitecd0Dd Ricetwialbsitity widikaigayeadmbinases

to specificaiiy.and gificieatvdieriresamiination hatweeo JINASequeRces I living crllsynakes them

potentially useful in a variety of genetic engineering applications. Such applications include integration,

excision, ifREFRSMPRALIE CEEER TR O DE R S ChRRTR BT D IS Tt Lequanass. BRfer
DESCRIP E2hh@ RaT-ERRAAMNGES oS0 08} Figuissht vlepictsieoSeh eiatitordpresentation of the

Transient ngtébmglgﬁy@% ggq&%ggp}mg%@ﬁ@gn(TWA) used to assay the ability of the recombinasc to
m

detect recombination between attP and attB sites on a target or assay plasmid as described in the
Examples, [R0d}siglisenpharidrotiSadneselrertesgambinres hR Adfoprsgrio uebrsteiibinsesipnsrformed in

human empryanic iddaey.AHEKR228)e88 ks 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-specific
recombination in a eukaryotic cell. Contrary to previously described methods for site-specific
recombination, the present recombinases and methods of their use provide for stable, irreversible,
site-specific recombination.

[0008] The compositions of the present invention provide for a recombinase polypeptide that
mediates site-specific recombination between a first 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 first recombination site and
a second recombination site, which second recombination site can serve as a substrate for
recombination with the first recombination site. The first 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
3



100151 Figure 3 demonstrates the results of the TWA for various recombinases performed in mouse
NIH3T3 cells. [0016] Figure 4 demonstrates the results of the TWA for various recombinases
performed in Chinese hamster ovary (CHO) cells. [0017] Figure 5 demonstrates the results of the
URA for various recombinases performed in human Hela cells, [0018] Figure 6 demonstrates the
results of the TIRA for various recombi ases performed in rat bone marrow strornal cells. [0019] Figure
7 demonsugiesditecss i soafthabddiRénfg bnasithstecabihinasas e fesamedt hemousesagudral stem

cells. [0020] Fiqurg e e eaults.ofhe TYAASORK/01 A8 sgompinase performed in

8.demo
tobacco B ceIIOt. fé&ﬁl&%ure 9 depicts a schematic representation of stable integration of plasmid
DNA contd Mg ]4the ioveatiBh sbquenideimtidnB K283 chrbrmusirmerobmmiiimes ondiattB or attP site.

[0022] Figyee 40 sigmonsitaies dhers sl RER.AmRlificationaf aiflurad-alRisites fallowing stable
integration of plasmid DNA containing ,?ttl? or %ttB se%utencfe |rtho .11EK%,93t,ceII ‘tchrodmosomde
containin gr?ﬁmsgj'ca}@egﬁixée_ site-specific recombination between a first recombination site and a secon
recombination site that can serve as a substrate for recombination with the first recombination site.
In preferred embodiments the recombinases are selected from the group consisting of a Listeria
monocytogenes phage, a Streptococcus pyogenes phage, a Bacillus subtilis phage, a Mycobacterium
tuberculosis phage and a Mycobacterium smegmatis phage. More preferably, the recombinase is

selected from the group consisting of A118 recombinase, SF370.1 recombinase, SPBc2 recombinase,

¢oRv1 recombinase, and Bxb1 recombinase.

[0011] In additional embodiments, the invention provides methods for obtaining a eukaryotic cell
having a stably integrated polynucleotide sequence. These methods involve introducing a nucleic
acid into a eukaryotic cell that comprises a first recombination site, wherein the nucleic acid
comprises the transgene of interest and a second recombination site which can serve as a substrate for
recombination with the first recombination site. The first and second recombination sites are
contacted with a prokaryotic recombinase polypeptide. The recombinase polypeptide catalyies
recombination between the first and second recombination sites, resulting in integration of the nucleic
acid at the first recombination site.

[0012] The ability of phage recombinases to specifically and efficiently direct recombination
between DNA sequences in living cells makes them potentially useful in a variety of genetic
engineering applications. Such applications include integration, excision, inversion, translocation

and cassette exchange of polynucleotide sequences.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Figure 1 depicts a schematic representation of the Transient Intramolecular Recombination
Assay (TIRA) used to assay the ability of the recombinase to detect recombination between atP and

attB sites on a target or assay plasmid as described in the Examples.

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

[0015] Figure 3 demonstrates the results of the TIRA for various recombinases performed in mouse
NIH3T3 cells. "
[0016] Figure 4 demonstrates the results of the TIRA for various recombinases performed in Chinese

hamster ovary (CHO) cells.



[0023] Figure 11 depicts a schematic representation of excision of stably integrated STOP sequence
and activation of luciferase activity due to recombinase. [0024] Figure 12 demonstrates the results of
excision of stably integrated STOP sequence and activation of luciferase activity due to recombinase.
[0025] Figure 13 depicts a schematic representation of insertion or integration of a plasmid containing
attP or attB recombination site at the native pseudo vitB or pseudo attP site present in HE1C293 cells.

[0026] Figureod4|demensisaiasithenucleatidesrIuences ahdative psapdesatBosiesioudk370.1 and
SPBc2 recqég%t_l)zj% es identified in HEK293 cells. DESCRIPTION OF THE PREFERRED

EMBODIM INITIONS [0027] In this disclosure, a number of tells and abbreviations are used.
The following0d8iRitiens éreqrovicdedicandishaild TR Adtpfulrious ndersiansingethensdopeaand practice of
the present invention, [0028] 1,2 specific 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 vall@0dPlarmye ToeRohstiRissdhabiridise! ths G fevalivreferentbmsgsoapofehinmmasethat can
facilitate sitgsgpegific geombination between defined sites, where the sites are physically separated on
a single DNA molecule or where the sites reside on separate DNA molecules. The DNA sequences of

the defined O HmEd Acaiteeaies Horruteesin e ptieafomitddcrrorbacsimsiatiehiBepends on

protein-  tobacco BY2 cells.
[0021] Figure 9 depicts a schematic representation of stable integration of plasmid DNA containing
atfP or attB sequence into HEK293 chromosome containing the a#/B or a#fP site.
[0022] Figure 10 demonstrates the results of PCR amplification of a#fL, and a#R sites following
stable integration of plasmid DNA containing a#P or a#B sequence into HEK293 cell chromosome
containing the atfB or atfP site.
[0023] Figure 11 depicts a schematic representation of excision of stably integrated STOP sequence
and activation of luciferase activity due to recombinase.
[0024] Figure 12 demonstrates the results of excision of stably integrated STOP sequence and
activation of luciferase activity due to recombinase.
[0025] Figure 13 depicts a schematic representation of insertion or integration of a plasmid
containing a#/P or arB recombination site at the native pseudo-a#B or pseudo a#/P site present in
HEK?293 cells,
[0026] Figure 14 demonstrates the nucleotide sequences of native pseudo a#B sites for SF370.1 and
SPBc2 recombinases identified in HEK293 cells.

DESCRIPTION OF THE PREFERRED EMBODIMENT

DEFINITIONS

[0027] In this disclosure, a number of terms and abbreviations are used. The following definitions
are provided and should be helpful in understanding the scope and practice of the present invention.
[0028] In a specific 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-specific
recombination between defined sites, where the sites are physically separated on a single DNA
molecule or where the sites reside on separate DNA molecules. The DNA sequences of the defined

recombination sites are not necessarily identical. Initiation of recombination depends on protein-

5




DNA interaction, within the group there are large number of proteins that catalyze phage integration
and excision (e.g., 2, integrase, OC31), 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
development (e.g., Anabaena nitrogen fixation genes), and transposition (e.g., 18607 transposon),
Most site-specific recombinases fall into one of the two families, based on evolutionary and
mechanistioNél atedniss, Wihesiagou. thate grakbesfammity o ofprotime thet oriabirrepbess (etggra®m FM, Xer D)
and resolvaselntegrase famil,AkSexne reseminape family {6 s A3l Raiwladla3cgamma delta).

[0030] "Recombination attachment sites” are specific polynucleotide sequences that are recognized by
the recomBihade ¥z desepst Metettirsiprey (two dittéHant Shes SRR nobRrat futhsed
"compIeme]atargpﬁiées(a.gomﬁapae@emtrbgéh@xaﬁgegmc),e@ﬁﬁaﬁimb;ées@iora(@@r,dmc)%tnﬁmmoap)isorne of a
eukaryote pf frokaryoie) and another.an e nus'sic il atis. e nisgraled Al the target

recombination site. The terms "attB" and "atiP," which refer to attachment (or recombination) sites
originally fraeahanissenshidnsrgel Atte A phBGeaRs R begpBasiEcardinsesd (seretricalfiiodigh
recombinatigardites kpatticate FANEY i eqilay:havadierent @amss: T redecombingiipn.sites
typically i”?'éfde left and right arms separated by a core or spacer region. Thus, an attB recombination
site consists oaf)'BOB', where B and B' arc the left and right arms, respectively, and 0O is the core region,
Similarly, g@B38PReombinsienRtanihienasecterasmsifingol s dgaids Haeuenre regqinn rddpotized
recombinaiofbEeERINS BIEAdalR les, 2nd.cancamiianticaralion flaauglaiacia al the

target, the recombination sit at flank the integrated DNA are referred to as "attL™ and "attR." The
attl, and atfROSESENUERFIRE hOIMMBITY 4o B sHYS!do AL T BOPoRRePPOB Hegpeefively. In some
representagigns,heeipolas of) iadimnitied andeatiBeaandiatiR; fofoexample-ar gesigrated as BB' and

PP, reS,P‘?f%é%?#%mi%Qé%lJ’i‘ﬁégﬁ%"Sa‘i' taajal%u%lzjﬁl’ fregi.means hat. %OEE&-"%!}'%“ SOmPrSing "A°
(where "A"Is a single protein, molecule, veétor, recombinant host cell, etc.) IS su sfantlally free of

"B" (WhereOBinediipeise dastraidiarsst endoritaret Wativlg pieseirdy DN Aspddiaein aBheugstors, etc.) when at

least aboutfaiibhynveiaht Bf heipiRtainsloNAy ctarsérependingrenthenaategal viek species to

which A and B helong).in the compaosition is "A’. Preferably, "A" caomprises at least about 90% by
weight of tﬁ@f&gg’ Isnﬁg‘)giegg iR %gn%%%géflgrﬁ,e%% ﬁ?lgfg?g% (33/65{ 185t ab6ut'udos by weight. It is also

preferred thesomdortipositornsivisiechBEOBubstantaly Feec dicefitenhimghti ormcontsiri oityaadsihgle
molecular weight shesieshavina.iheantvityiQrcharasteristic ahihe spasigsiafinterestyi68032] The

term "isolated" for the purpaoses of the present invention designates a biological material (nucleic acid
or proteiny IHEE RGBT TEITGUSH 6L ReEn Gnar EhTo AR (R EFRHSIAhPIAICIEH s natorally
present). Fie éxgghple raqdlynticiectislthyibsbrid mtbaatralt DRdh state firedpeast 'erlaeadhimadl.fs not
isolated, haweyer, the Fame.palynLalealideseparaled Fomdhe.asiaeant RusifiC AGIgS A Maich itis

naturally present, is considered "isolated". The teim "purified" does not require the material to be
present in STBFTFRSHLRITG 46SBHUERE pUrity BRIt ERBP i PfesEherBPGHiET EsiABEtiasHt is rather

a relative defirktioresfBO33]yA polynucleotide is in the "purified" state after purification of the starting

material or of tural material by at least one order of magnitude, preferably 2 or 3 and preferably
4o0r5 orde@ﬂgﬁnaﬁﬁﬁ%@}l 6‘65%% Hre]ﬁcfré?%ngrcl:%g%goén %Sg{;lr%%cr?gl Bg%lpoéné%gg}ﬁp%sésoa of covalently
linked subuitdecatisi JuEleotithesleNiseieic eoidbineit des gs8lyatibbin wahelorbaisl fRNA ) Ringvhere

polydebxyriponuaisic.asit (DN batiatwisheay be sindlersisandes ordoyhle-stiagded. DNA
includes but is not limited to cDNA, genomic DNA, pl dsmids DNA, synthetic DNA, and semi-synthetic
DNA. DN AW ﬁ&lme\‘yﬁg@h;&ﬂgrpr(g e&fpg%,i Ige&’_cors ? epending on the tategory of species to which A

and B belong) in the composition is "A". Preferably, "A" comprises at least about 90% by weight of
the A + B species in the cormposition, 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 species 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 environment (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 {solated, however the same polynucleotide separated from the adjacent nucleic acids
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[0035] A "nucleic acid molecule” refers to the phosphate ester polymeric form of ribonucleosides
(adenosine, guanosine, uridine or cytidine; "RNA molecules") or deoxyribonucleosides
(deoxyadenosine, deoxyguanosine, deoxythymidine, 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. Thevtermitnscisicigcideraiet edasiderediiiéatedll APk SpuR A Medesolesqefetseonly to the

primary ang.seconsiary-stieniteafibamaleciigiand.daesaatimitito.Rtnmpastistar tertiary forms.

Thus, this term includes double-stranded DNA found, inter alia, in linear or circular DNA molecules

(e.g., restrRBP St R BIALHITS SHE M romosomes. In discussing the structure of particular

double-strangss] RNAymRlesules isequenaasimaydacaserbeshherein eeaasdingtal thenasmal
convention of givin onllxé th%alesa(gt uence in the 5' 1o, 3' dig%j al%nﬁgh?eggn-tr%sgrg%?g stlgand of DNA
iRifY A0 el

. § d bl :
(i.e., the stlrlgtrlil ]hrélw?lréaa §3quencréer?(r)reﬁo(10618 S0 e | Felombinant b olecule” is a DNA

molecule thaghidgieindergone a molecular biological manipulation. [0036] The term 'fragment” will be

understood dgmean Anvciestide.seaenge shieducedisnath relative 0 dhed elotencs ucleic acid and

comprising, over the common portion, a nucleotide sequence identical to the reference nucleic acid.
Such a nuékstedides frilgfirdeRtEsiirP i TROTHYER RS R bEdRREASABIReRttE Hikluded in a
larger polymigleptde of wihiahniyiscasiaglastitieit & detbitagments BN prsEOhatenaativabs eonsist of,

ligonucleq ing.in lengih least 6, 15 18 .20, 21,22 23 24, 25, 30, 39,
20,22, 4510 B0 G0 RO TR RSB g e Bl pRn S A

linear, circular, or supercoiled.

[0035] A "nucleic acid molecule" refers to the phosphate ester polymeric form of ribonucleosides
(adenosine, guanosine, uridine or cytidine; "RNA molecules") or deoxyribonucleosides
(deoxyadenosine, deoxyguanosine, deoxythymidine, 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, n linear or circular DNA
molecules (e.g., restriction fragments), plasmids, and chromosomes. In discussing the structure 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 reference nucleic acid and comprising, over the cormmon porﬁon, 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 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
anucleic 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.




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 nu cleotide bases. An isolated nucleic acid fragmentform of a polymer of DNA may be
comprised of one or more segments of cDNA, genomic DNA or synthetic DNA.

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
specific 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 comprise 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 armeal to the
other nucleic acid molecule under the appropriate conditions of temperature and solution ionic
strength (see Sambrook et al., 1989 infra). Hybridization and washing conditions are well known and
exemplified in Sambrook, J., 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 sequences from distantly related organisms, to highly similar 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 Ty, of 55°, can
be used, e.g., 5% SSC, 0.1% SDS, 0.25% milk, and no formamide; or 30% formamide, 5x SSC, 0.5%
SDS). Moderate stringency hybridization conditions correspond to a higher T, e.g., 40%
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[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
specific 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, complisingidgulitoroamdisicddighyssegasydebrtfiattmrecpoti founchtogethéioi thankighest
AccordlnegTag "’5‘@)}'%9&51{%1&’@33&%9@%@@ regulatory sequences and coding sequences that are
derived from different sources, or regulatory sequences and coding sequences derived from the same
source, but @t%%b@@ﬁﬁ%%?ﬁﬁ%ﬁ@ﬁ%ﬁt taruriee Rsifs IR R foren ArehirneTre UgBtTE AHE9UEbmMprise

coding seq l&%ﬁlﬁﬁﬁxgSﬁltl‘fédtffﬁgféhgﬁf@ltﬁélhﬁﬁi&@ﬁﬁ)ﬁmﬁéﬁfaf&@bll%weérS@ﬁH@ﬁ%@Ss@@réVﬁdﬁ&@m different

sources. En enous ene"r rg %r}gtlv nbtw aturall location mhth enome fan
.? emen 18 USG €8Crine e,re a ons etween nucleott ases t Cﬁp o
organism. A "foreign” gene or eteroo ous ener ers to a gene o norma nd in"the host

organism, butotihziis tnnmﬁ]@@ﬂnibltheﬂmbt m@etmsmt by%@tﬁanefens F@r@ﬂgm@g@%@ can comprise

native geneg,aseriad JNRiAcNORRBIMR EARISMAL. CRITIRIISGE BRSn A ADSARAS SR Aane that has
been IntrOdUCfd into the é?enome b transforngatlon %E,OC dure. [0039] "Heterolggous” DNA refers to

DNA not natiftals TEsie i THEEH Grifr 2 eRrowmS CUFRIE SEIBIEFA SBT3 Reterologous
DNA includes:dlgerreaforelis tlmsheut;ethnf@w@mﬂlhleltem Hgl@meicmcludes chromosomal as well as

mltochondn[?j oplastfand }\Jnr(gl NA-or RNAt £OO gcelc acyéd uIe IS brldlzable to
another nuc eggc%.a olecu emsouc ‘as a CONA., ¢ uf)ﬁA or etem |ng egstranded form

of the nucleleRidiainleeifiiomeammEnae tﬁ@létﬁé%%@t{fwﬁ%&e@@tﬁlétm@émn@t&mpP@@@tate

conditions obteraReEAtkre el bibsiaR]e, sikengitiseansani oaiatakmb@Rdniray Hybridization
and washin g8nd|t|ons arrl%rvvell nown (g}men n%ge gambrook J., Fritsch, E. F. and Maniatis, T.
Molecular C on|hg a;&(i_ %ora&}) anua econ it old Spring Harbor Laboratory Press, Cold

Spring Harbi@0 45988y tpthrtdw}miyv@hapmoli]:tanﬁtﬁah@élaﬂzy]cthéteﬂm(e)ﬁer&lyolﬂ’mefqmmted herein by
reference). 1ha;aonditions ofleppsiaiig, andionissitenghy defarmine the  siriggency” of the

hybridization. [0042] Stringency conditions can be adjusted to screen for moderately similar fragments,
such as hon%t&‘@&ﬁ%@%u@ﬁ’éé@?ﬁ&ﬁﬁ‘ﬂ@t&%@%%é@%%ﬁ%rﬁ§°‘t§%‘i’§‘ﬁ‘i‘§ﬁ§|ﬁ‘i‘ﬂé?eﬁ‘é@??é‘fﬁs such as

genes that dwpbeats Farcssmal. emz,messfmomazlweiwehatsdnefg@msm Fosfptelirainasydgargening for
homologous nu%(éhc CIdS low strln rldlzat%l:gn cony nalons reiporctglngor a T of?5 can be

used, e.g., 5X S 0. f%%%%s 31/0 ml?k and no oﬁrﬁﬁg%lde or ami %mpg‘,é& 0.5%
SDS). Mode¥ithe ﬁmh@eﬁé&zwwﬁzmm%ﬁ%ﬁueﬁséwéwom%@ MGAES. W?Oél"gpm@%df@ﬂ*mamlde,

with 5x or 63r2Gkly Highestipgane)s hydridization cosditions cerespaEhtothg tighestidizawg., 50%
formamicle, 5x or %attnggomgﬁlw %k%{ldlzatlon rex%)lres hat the two n Ielcia CIdS contai

{ UIres COMIPISE CO men I%seélhlence 8{)61’1(%11’1 on the
complemena sequences, |n 0] e str IZatl mismatches

between basfegﬁﬁeyw%@b@rmﬁeﬂ@nm@mﬁbtemmvﬁw @?e}d)t@‘descnbe the relatlonshlp between
nucleotide bapqghal 216 SRRRRIG.QLhWPHd @ﬁ%ﬂn%ﬁc%@&ﬁ% LR A MRS N FERRGGEAQ DNA,

adenosine is complementary to thyminé and cytosine is complementary to guanine. Accorglng ly, the

instant inveAtiShaaysAesrsed ropialeer Haitsivatils agHiantebha s cohs srerRs fafsesRE complete
sequences asdistjasedmisisathesaitvasuedtias tttsqmsezsa,l batantialyhsinilaron mglﬁ:hchasﬂme@tquences

e i ssiic.smbadiment of s enion. RAVAMISOIes B e lesiat by Snlonn
hybndlzatlon conditions com pnsmga ybridization ste at 8 §nd iizin conditions as set

forth above awﬁélﬁ?e?eﬁf@ésetm?ﬁtéﬁheﬁﬁem?&o@@c,ﬁﬁ%We@féf@ﬁéd@%@ﬂ%eﬁ% the Tr, is
63C; in an eygRdererefaredemhodiiaent el «ds:68( for calculating T,, have been derived (see

Sambrook et al., supra, 9.50-0:.51). For hybridization with shorter nucleic acids, i.e.,
oligonucleotides, the position of mismatches becomes more important, and the length of the
oligonucleotide determines its specificity (see Sambrook et al., supra, 11.7-11.8).

[0047] In a specific embodiment of the invention, polynucleotides are detected by employing
hybridization conditions comprising a hybridization step in less than 500 mM salt and at least 37
degrees Celsius, and a washing step in 2XSSPE at at least 63 degrees Celsius. In a preferred
embodiment, the hybridization conditions comprise less than 200 mM salt and at least 37 degrees
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f0045] Post-hybridizationwashes also determine stringency 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 45C for 30 minutes, and then repeated twice with 0.2X SSC,
0.5% SDS at 50C for 30 minutes. A more preferred set of stringent conditions uses higher
‘temperatures in which the washes are identical to those above except for the temperature of the final
two 30 minQvashésr ihdhPHiEBCrGEEo BD Buayifrcrabset dor8oChAmGthdratieferrddisat of highly
stringent cquilians ees 0 BaLNASEERIN RAXSCNR10AR5A 0G: Hybrdization requires that

the two nucleic acids comprise complementary sequences, although depending on the stringency of
the hybridiZ4048] mpsmerdhdispetihe dengh des Rpbrstibis puclopad] Fieeleshrbpriatestnmbdscy for
hybriollizing p}%k@iﬂﬁ@ﬂﬁifl@@@ﬂ%ﬁﬁ&ﬁ@&ﬁ%@wﬁ%u@il@ig AcHS @d&ﬂtttﬁnd@gﬁ§@§gf1l101‘ﬁ |
complementatjon, varjables well known .in the art. The greater the degree of similarity.or homolo
betweon O A e e R e e L T T e WESBR tie having
those sequBmtesnTiectire kiilied stasiliyilcorrenpo iidiite tormiglaey cTany sRputdbidoashlt hybridizations
decreases jnfhadoioning raghBNARNAD NARNMNADNA. &akbrbsids ofgreater than 100

nucleotides in length, equations for calculating T", have been derived (see Sambrook et al., supra,
9.50-051). HYIAN Bhaismtoprehrrelio e p suslertadesnydeicsribroleraiibaic e sostichto

mismatchesdagtemes-maigdmpatant-andihadengto pithedligrnuelasiigseeiermines its specificity
(see Sambor@(ggﬁt al,, sugera, 11.7-11.8). [0047] In a specific embodiment of the invention

pol3mucle 8 R ESIED: B SISV RS HBHER 2505 CotisisS domRpaty ‘g?ﬁ}fﬁmf’ation step in
less than 56Qkividsglthand lablehisitB37ide geresidaiBiusylandecawBshimg stejrein ZXSSHNAt @t least 63

degrees CelsigR aRGIETEH STRRAIMENt-theRridization,candifions LonRiiseess than 200 mM

salt and at least 37 degrees Celsius for the hybridization step. In.a more preferred embodiment, the

hybridizatioWéSHHRShS B ATIHRE RS SBECARIPEY durreds’caIdte ¥ iRt Hie iyismubeatish and
washing steps plobB] dneorteeambadimentuthac enidgtiOfgoaubiybiiitiz @lateonbialent atichimatteast about

10 nucleotii Bsleahiy Aavomum, lenal o idFrie auslein aeid s ot st abauy 15

nucleotides; mor erably at least about 20 nucleotides; and most preferably the length is at least
30 nucleotidiedetet fiserriens, thensrifEduartidaholanReiyAr At Rke i teHip &rafi & alsdshiash solution

salt concentratio DNy fecadustad Al negessasyrdecatdingdedaptors slshradengtbof the probe.
10049] Then%%ﬁm "J%{?be" refers tgcgoggr%l}e-s}rand goa?lcleic gcid mol %VL{{ that can base pair with a
i n

{HeSISar B oSSl
complementarflglng e tranded target %18&:‘%%136 {0 form a douBle-stranded mo gcalcéécfgs%] As
used hereirPhesehassier ohlpeRgefs oty 2y 8forstes Wiidieftcacid, generally of at least 18 nucleotides, that

is hybridizafi413 96RAMIGONA mRleryle. cRMAMmales vie 2 Rlasmid ANA QLN MR NA molecule.

Oligonucicotides can be labeled, e.g., with 32P-nucleotides Or nucleatides to which a label, such as

biotin, has HeENToatEAtEn iR ARl SRS Bl omUR b R Yah i Hke ey e iHIBHE to detect the
presence otdtihictkeiniacit. Qligofriratenticies:(@réiok bolymefahictinnaytbe. labeled) can be used as PR

primers, eftygrdg.cloning fll fenath or 3 fragment.of s pucleic acid, of to detect i presence of a
nucleic acid. Ilgoﬁﬁc eotide can also be used 1o form a triple helix with & molecule.
Generally, cligomiciabtidadi dresprepiicaddyitiadiswatpnee fBribiyvonca sngektiavasidsyaithesizer.

Accordingly.Qligarkciselidesicanibe AreRars ingd 000 patUiaibRARY HNENBAsRAARSISE aRalog

bonds, such as thioester bonds, etc. . , , , ‘
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 molecules from an RNA
molecule or molecules, followed by enzymatic amplification of a specific nucleic acid sequence 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
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[0051] A "printer" 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 printers may be used in a polymerase chain reaction, [0052] "Polymerase
chain reaction" is abbreviated PCR and means an in vitro method for enzymatically amplifying specific
nucleic acid sequences. PCR involves a repetitive series of temperature cycles with each cycle
comprising thrétistagesetdarnttnatidnivd theuemplatetagssidacld wise farstetitppsotandsctfiche target
molecule, apngaling a single stranded PCR oligonueleotide 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 8884h/gBiSredinrsemanes dicr Hublstris bPNArfrayereatitativesssthensd to determine

the relative ggnomad efidhabliasgridnalecuiewithinihe siaking paslafaucieicasisisr {pRBslizReverse
transcription- ql%merase chair‘lsre% iorg"df %bbree\l/li%%csi,,l?e'lgéagR qnci, Crinean%n%gsifg C\éliterg method for
enzymaticaﬂ‘iglﬁ)ro0 S?ﬁﬁegcfg'rge ¢DONA %gfeguﬁeqor nolecules from an RiYA molecu‘ﬁe or molecules,
followed by wnsizsamdticnarrolificnsiancofe spdtificonduiaiirenid Sequerdiagorasgershetsopdinin the target
cDNA molegyle-Qi-maleskigs an deseribes abpe, RILER 80 BroMides ameansis degct the

presence of the target molecule and, under qﬁt%%mtitative or semi-quantitative condf'tions, to determine
the relative HRIGHHESPHTE BHTBE R AS NI TRe &%%C&E]%Bﬁogﬁﬁﬁ%?&%%iag%&4} A DNA
"coding sequanoetisiardabidystrayidéch BhbimsegquencetbaRiSAranseribedigneramshatéidgnie a

polypeptide, ity 3, gell {5, \dHhR QFiMyy 8. WheRL Bed JRHE LR GRNTOL AL ARREORY ALR fegHlgtary

sequences. "Suitable regulatory sequences" refer to nucleotide sequences located upstream (5'
non-coding L&quEHEaY) SHRHT 287 aFReieariPrSofomat Blin e e U a 268 sequence, and
which influesiqeetive ctﬁammtﬁimib\ut,i%ﬁimmemmma&hmnmstm@aﬁ@m mRma @smﬁie_lted coding
sequence. %%Q&JL%EB%%E%@@9&%%%19%%%&{&%%&?ﬁ’tﬁéac%lff’i&'9&1118%9?! RRAHGGES, Introns,

polyadenylation recognition sequences, RNA processing site, effector binding site and stem-loop
structure. TREPESHARB FRBIYARSHinG LeGRr e s rste ih i By Sapebniratenss $ilfamino)
terminus angkatrabsiation Staptocamatihesdcarboxyl) tenninus. A coding sequence can include,

but is not limjted.to, prokaryotic sequences, cDNA from mRNA, genom ¢ DNA sequences, and even
cyninetc DS RGP TG A G G L 2TE FLRRIBE YA BV TRGBH 1 BORE ot cell
polyadenylatitwarSigiralcmthtra RStk phordepnierd ivmsetpenceswiftlusualiytive todated@! 4pdhe coding

sequence. [Q9%5),"'Qnenseadingfameois.ahbrevaes, QR Meansa lenath.piauclpis.acid

sequence, either DNA, eDNA or RNA, that comprises a translation start signal or initiation codon, such
as an ATG dPROE herierm tessihimioneEoeibrrbmicenle Bepibechtatytaies eistinedarpeniseptide
sequence. [0QG6]cEhe terronneaskiahead s pspdihesgiastadesarinedhe asieniation ofiiweion
pobmucleotide s nces ip relation to each other. Two polynucleotides are positioned.in a
head-to-hea%hg?iz}%éeti%lrg %Jrgéeﬁ adg] %Stéarllg %%?ﬁeepgl m%% ra‘fr%%jalEli 8?1%%8%8&8 eoat%I e i%oefajgacent to the
5' end of thewodingteteihd pilihecistiicse pUigreac ibotdectivhef ébysthictidire tion oflrauketigtion of each

polynucleotigle jraceedsranay-fromdhe fe eme: %%Q&B@&e@@ﬂ@%&l@%@&tﬂgﬁ‘dtﬂ{ﬁ} thead-to-head"
may be abbreviated éS ')-to(-)éS, ) and may also be indicated by the symbols (<- L>§) or [0057] The term
"tail-to-tail" CHESH R RS e B HE S drisatsh Bt Bh S BURISHGcIedfiE sequences in relation to

each other. fpggaiucieatides e posiioned B ataibiotal:rentationwhendheediend of the coding
strand of one polynucleqide is adiacent 19.he 3 endof e, coding sirand ofthe et plynucleotide,
whereby the FECTiSA 0 ﬁanscnp ion of eath %OY)I}nucf’eoﬁsd% p}jrocee S AT IRE SHvar poﬁ/nucleotide.
The tenn "taithen thils heay déhabbtegisitent (& pron@ypasicohitaysatectd inthieateddyy threcsginols (> <-)
or strand of the other polynucleotide, whereby the direction of transcription 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 (— «) or (5°—3°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 {o the 3’ end of the coding
strand of the other polynucleotide, whereby the direction of transcription of each polynucleotide
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[0058] The term "head-to-tail" is used herein to describe the orientation of two polynueleotide
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 "hcad-to-tail* may be
abbreviataogsein(thy et Aiegtionses Btiatieatdyiip inedsatitio 4 leterm Beadto-1ii mnaydy  [0059] The
term "dowpsireamd (§fpts 0 pAtsleqlida sedusnea il isiesated 3)ter gfeyenes mycleotide
sequence. In particular, downstream nucleotide sequences generally relate to sequences that follow
the startinéoﬁéjﬂ}tT@Ff%ﬁé@ﬁbﬁéFﬁaF’SF"é%ﬁ%ié‘}“ﬂ‘?@“ﬁ‘%ﬁ%ﬁ‘éﬁﬁﬁ tiatRmtebiidh BfaEene is located
downstreamcebiize stadrsitelahitioser ationsttan6fd cbhiactemnvpsiteanty refassdecguatiaieotide

sequence {hiaf s ocaled 8-io elErenas aelsotide saguenae N pAeHIR IRslieam Nuglgotide
sequences generally relate %(?sequences hat are located on ttﬁe 5'side ofla coding sequence or
starting poipestiefaleserpen oFbe examisiel Fustpiomoters are located upstream of the start site of

transcriptiph¢@Peid he termamietiinlion eRacRvcleass .and: ikasticianeRayme. effiian enzyme
that binds and cuts within a specific nucleotide sequence within double stranded DNA. [0062]

"Homolog ST Feo MBIFHGUA™ HERSFE RSk SHERTEBIT S SefrEtgh BN S Etietes it a it DNA
molecule, enghe isgitioNachaiveciprinanchinompsames RPeefeiplidy, e aestole takgeisoanspacific
chromosorgllgios?%c{% gﬁ%mg{gg&u&a@&%rgp&g%@gﬁﬁgr specific homologous recombination, the vector
will contain sufficiently long regions of homology to sequences of the chromosome to allow
complemelf@ey Binelirmpaigsinctep srdtivislofstiendeasiriviienttrachy refosorrecizomg dretdgions of
homology .ane.areaiss sgareesaf senuense Seviaradmay draeassihe efficiency of homologous
recombination. [0063] Several methods known in the art may be used to propagate a polynucleotide
according {809 iFrsrierruensea st s hode %ﬁéﬁ?’&ﬁ&fgﬁr&ﬁﬁw&iﬁ%@%%‘%?&m\%ﬁed,
recombinapnNexpsessiort ¥e chessi 6asr bedtaiagateshnashprapekeshin thdantity thAgedespatiad herein, the
eXp.res.SIorélvgrg(%%%\é\{m?ehfgr r})rgo (gjg%%g 1-!3%%11 qg&tll%%tla*‘sg? sngéig%%edofg o%hs%efc%lrlr(l)o%gt%l\{}etﬁgors or their
derivatives: human or animal Viruses such as Vaccinia virus or a%en%wrus; Insect vifuses such as
baculovirusssjerasthresteiss Bacreiy riagesivee fore g ahsetracend hradvisidcasracdo it DNA
vectors, tocBaplenhiad, iamuil@@efnforyestan is Bay-tieans B shemlening nhareiesisaasfer of a -
nucleic ac'kd intp a hoat celg. vecetocr)ﬁmea beea. refgllri1 9%}0 Wpich a%got I DNAﬁe r’rlent may be
attached s0°a9 f’%ﬁ%ggé Sout ﬁ%@ersép ication ol the attache éeeags%e% . K}q‘}@’p(flcoon 98 %)r‘]lfl genetic
element (eggompiastiitl, phage, cosmid, chromosome, virus) that functions as an autonomous unit of

DNA repligiseR 8.yl di&n SaRaRls AfeRHGAION uadar i5,omn Conial, JRB e MR NEGI yipcludes

both viral and nonviral means for introducing the nucleic acid into a céll in vitro, ex vivo or in vivo. A
large numBEEBEFeE8rE kAGHMS R ARMIA) BaTRsePHtions A GHAd Fselsrcad@enincorporate
response elgimenis aRbpremMbiesiia-genespic.Rlogsintevedaesiniides fgreampiaoplasmids or
;“Sogl'gggggg%r&% NG, LSRR RAGISHRRRAEES SHER, AR P PAR ARNIVRLVES: QLiplasmids such

human or animal viruses such as vaccinia virus or adenovirus; insect viruses such as baculovirus;

yeast vectors; bacteriophage vectors (e.g., lambda), and plasmid and cosmid DNA vectors, to name

but a few.

[0064] A “vector” is any means for the cloning of and/or transfer of a nucleic acid into a host cell. A
vector may be a replicon to which another DNA. segment may be arfached so as to bring about the
replication of the attached segment. A "replicon" is any genetic element (e.g., plasmid, phage,
cosmid, chromosome, virus) that functions as an autonomous unit of DNA replication in vivo, i.e.,
capable of replication under its own control. The term "vector" includes both viral and nonviral
means for introducing the nucleic acid into a cell in vitro, ex vivo or in viva. A large number of
vectors known in the art may be used to manipulate nucleic acids, incorporate response elements and
promoters into genes, eto. Possible vectors include, for example, plasmids or modified viruses

including, for example bacteriophages such as lambda derivatives, or plasmids such as pBR322 or
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pVC plasmid derivatives, or the Bluesaipt vector. For example, the insertion of the DNA fragments
corresponding to response elements and promoters into a suitable vector can be accomplished by
ligating the appropriate DNA fragments into a chosen vector that has complementary cohesive termini.
Alternatively, the ends of the DNA molecules may be enzymatically modified or any site may be
produced by ligating nucleotide sequences (linkers) into the DNA termini. Such vectors may be

engineered;ta-contain RalRGIR0IG MakeL Iapes Mgt RioMids forheselegtionef srilsthathave

incorporated the marker into the cellular genome. Such markers allow identification and/or selection of
host cells tHATSROBAISH L RARsE KISPRIE AT PROTSIFS B HEEYS, I hiansAtoBETiPYl vectors, and
particu Iarlyl_ir@tmxythf_alayﬁom‘r& ave mnlsimbim choadal ecvr eyt b:isgren@ldmﬁnery amps_ﬂ&@tions in cells_:,

as well as (g animalsubipdls il etam haksan %}@@e&@mgg@%@dﬁm% g to retrovirus,

adeno-associated virus, pox, baculovirus, vaccinia, herpes sim stein-Barr, adenovirus,
aeminivirudiarRe BdheRS i igAUBE BN EnSHHSP RS B THANRIB R hieTaitin c¥siss s &ically
charged Iinbdal{giwaacw&ht&{\be}@rﬂiaimmmgéemamdvtm@mlt}ﬁmt&dmaﬁ‘dﬁimm}a«wcle!c acid, a
o e AISBERHIREE S QLMY e FeAviaia cdlonR. AU i SPIREIRRle MeLkete Rl
selecting, measuring, and monitoring nucleic aC|detransfer results (transfer to Whic issues, duration of
expression?etes) sfHoBe) REIRERA “AERIT et rces P HoRES8mal element often canying a
gene that isguispattotihe-cent phmeiaheisrm.ahihe ol nand usually i MRgdolitd,ofcrguiar

double-stranded DNA molecules, Such elements may be autonomously replicating sequences,
genome inf?&?ﬁﬁhﬁ’@@&ﬁ@ﬁdﬁg?%ébﬁe&‘aﬁ Ba}é%?fﬂlé‘%éﬁ%%e\érﬁln@ﬁ?réi%I%?F} B usshadeifed, of a
single- or dmmbfemﬂrmni_:lq:dt@wmruﬁa Ikki&_n@lewé_veieltefdomlaw)scbumbyimwbdcb_nmphmbemmf)hm,pIeotide _
sequencesygye, BeRNIAUICH Q! BramBIRCH IR ARIIANS £ANSIVSIion MUGD. IS FARARIE Al dairoducing

a promoter fragment and DNA sequence for a selected gene product along with appropriate 3'
inatranslaté@SeBte Aatisidacbaecd 5pigy [Atefen oeE soreires A bieny@ g udit length of a
nucleic aciddfitpterabiydiAcihatveplicate siseqguentiabyean chvhicfukemprgRasaimedgin of replication,
such as a %!%é‘c%ﬂe PRAYE o %?%ﬂ@mﬁnw%@s% thed MUGISIE agld segment may be pltached so as to
bring about the replication of the attached sea-matt. ré:lonlng vectors may be capagie of replication in
one cell typ&asrxprads s, dnsterf Srutadcvetitor”). 10068] Vectors may be introduced into the

desired h_O?[bG%ﬁ?ﬁhém%hﬁgﬁxh@%férm&Qﬁ aﬁa%m%%ﬁee%mém%h@&;@m{é%@di@iﬁépﬂml%{sti0n, ,
transduction, cell fusion, DEAE dextran, calcium phosphate precg)ltatlon, lipo ectlon%(%sosome fusion),

use of a gefs §hiReSPrt RIRA9RLTBY Y A5 0rier ey AL o AT TP P B B s 7: 963-967:
Wu and Wind888;s3SBiotlGhetnm268: d462ind4624yaathkiaxmautest hoamagiatinPatent Application
No. 2,012,311, filed B%{Qéglar%ﬁclé&%@se({uggég,]lﬁegglé{%r%e,gpﬁ%ég&%&!iantﬁntélg- inveptign can also be

introduced in vivo by lipofection. For the past decade, there has been increasing use of liposomes for
encapsulatiisRa R srdttiondstRddrom dBidiRcvitl sy AtaRetetisisieqiiRIEtrRERGRH 8% To limit the
difficulties anehdangessrenadimienad withylipeasmetnediaied trpablestinnrpieysaddter prepare
liposomes for in vivo transfection ne, di ker (Eeigner et al., 1987, Proc. Natl. Acad.
Son U A B O e A b a5 ana Uimer o
al., 1993, Seigisees 2892 $745-1748). The use of cationic lipids may promote encapsulation of

negatively ¢haraed nugleie Reids.iand-alaapromeleifusiomwith Beoatively chaigad.aell embranes
(Feigner and Ringold, 1989, Science 337:387-388). Particularly useful lipid compounds and

compositiofFoPliserB IR e SPORECE Ab TR Thterhetionatshrs AL Bt AloF
WO095/1886G3satid, W@%Iﬂa}ﬁﬂﬁrlmim M;&em&lma Ezm&ﬁaﬁh erigetafuligefepliostita aftrod uce
exogenoustgggsa%ﬁ@&%et&%eﬁ@ &aifiG-raansinyve bas.cestaimpractical advaniages, Malegulgr targeting

of liposomes to specific cells represents one area of benefit. It is clear that directing transfection to
particular cl—ﬂlaﬂiﬁg% WoHeEirticularly preferred in a tissue with cellular heterogeneity, such as

pancreas, linRyssjenayrans thaduainLipidsinaxihg shericalcariehippthermelegules for the
purpose of tar%gftlng (Macke

, etal., 1988, supra). Targeted tides, e.qg., hormones or
neurotransiift §f1%ﬁ‘151%%?%¥ﬁ8§lgﬁéﬁlcégllgﬁ?fﬁ’8d eagfdglﬁ?\%h? @%f@’r@&éﬁtﬁ%@r%ﬁﬂcﬁgcoupled to
liposomes chespies ye§@FEIOlihelertiotedysiesrar dusia, usedih enfauititatingarvstertion of a nucleic

acid in vivotr&k%tar@% cationie.aligepeptde fe.0 <R/ 183% pertidassderived fram RINA.binding
proteins (e.g. 096/25508), or a cationic polymerlge.g., W095/.21931%. ' ,
63: 14621-14624; and Hartmut et al., Canadian Patent’ Application No. 2,012,311, filed March 185,

1990).
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[0071]lt is also possible to introduce a vector in vivo as a haked DNA plasrnid (see U.S. Patents
5,693,622, 5,589,466 and 5,580,859). Receptor-mediated DNA delivery approaches can also be used
(Curiel et al., 1992, Hum. Gene Ther. 3: 147-154; and Wu and Wu, 1987, J. Biol. Chem, 262: 4429-
4432). [0072] The term "transfection” means the uptake of exogenous or heterologous RNA or DNA by
a cell. A cell has been ntransfected" by exogenous or heterologous RNA or DNA when such RNA or

DNA has higesoiniresiysedatingiopdhaiset Adcelhasm baensdmrnsfoanad z;w@mgg;awdadar petegologous
RNA or DNA hent etr§ sbeeted RNA or D [Aeffects a heno E%%E)lc ch etr{ansgormln RNA
nea sfec

de i cen, mereasing us OSpIes fOI' S 11 an nuciels acy
or DNA caft Ebe in egra covalcnfl'3 finke romosom e genome of the cell.

[0073] "Tranefmrrﬁam@?@'ﬂureﬁemmilmfésW@ﬁ@ﬁd@étﬁ@@@$m@@%ﬁﬁ@%‘g@ﬁm of a host
organism,ﬁﬁalémgfaléalee@e&ig@ébﬁa@lalﬁommﬁita@eeaﬁQﬁss@m%m&%mﬁaimma@a«féormed

nucleic acid fr ments ar ferred trans |c or bin ransformed" organisms.
[0074] ThETE gaéﬂaéﬁ%r?’é?j Sk ’r§ Por e region Bf SHoHee @d?‘ﬁé’r (88 A huctdbtide
sequence khat tothprisésSe. §eheé- dﬁmh@élpmﬁﬂémd@ a[O(DS’%ﬂ Friaulci 2o, 1 ried8mBimant vector

comprlSln%&9&@9&4%@%&%@@@5{&4@&&@%@%@&% WY LAGIHAE ORE: 0T AR QRS fRLEgPlication
in the cellular hosts in which their am |cat|on or thejr expression is sou%ht markers or selectable

markers. [(6FrEFeEHREhrediedtan BFR@“ FrEnd Bisalntiiihgyisees ﬂﬁ%ﬂ%}g@h BHHBISEE or
chemical rmnam@oge@a;ﬂ&ms@hiﬁ)tmm feleoiew: foinbeseduifondiesibekar gene'soatfect, i.e.,
resistanceyig an:antibielic JRsISIANGS 10ARsSBicids, salorimettis matkets, anzymes, flugrescent

markers, and the like, wherein the effect is used to track the inheritance of a'nucleic acid of interest
and/or to BRI EINEPWFE SRS RES B FifREr e R AN ST FRIECES e AR B5P-
SeleCtab|em&ﬁﬁrgﬁ@aﬁlgﬂbwmaﬂﬂsUS@&&&MI&H@W&%EOM&G@&MWgt%ﬁl@ﬁﬁﬂﬁédﬁea&mg)lcﬂlin
streptomyin, ge el %’%%%m@%ﬂ%%& »OX&@Q&P ﬁﬁ!ﬁp‘%@@éé& rhicide. sionamide. and, th%y“ke and

genes that are enotypic markers, I oéyanin regulatory genes, isopentany

transferasé”@%ﬁ@%ﬁ@%éﬂ?ké‘“ﬂew?le“lli‘élt@ﬁ?n T—r’ékﬁ‘éﬁ@?’ B%ﬁ@‘%@&f&o‘@ é?é‘?@iﬁé@]éﬂé@tﬁ?fg an

ldentlfylngt@@%b@@bﬁ%@é@l&@h@m@@%%mbme@wpomaﬂgaer@p@ﬂeésgegﬂ&ﬂﬁtﬁet avherein the effect

is used to track the |ntper|ta Qf a nue leic a%ld of interest, to |de cell rbor rp that has
transmi e1ns Suc odies, or non-péptide m €s cou d8 ¢ a

inherited th& hucleic acid of i erest ancf‘/S 0 medsure gr]fe ex ressmn nauction o ranscrlpt|on

Examples @fasepseteregerids known and used in the art mclude luciferase (Luc), green fluorescent

protein (GiFgslisrarphienicalaceb/iansisrast (AR hoaladesidase (ach) i dligopidase

(Gus) and the like. Selectable marker genes may also be considered reporter genes, [0078]
"Promoter*FefBIS AEPERGK Cehulivce/ %gé%}ébe%%ﬁ%mﬁ&m@%@%mﬁ%&%g sequence or
functional M/mmmafalpﬁlaﬁdmmq(@]pwwmol 3' to a promoter sequence. Promoters may

be derived.j ir en a natl ene, or.be com ifferen e derived from
different p m}sl tﬁﬂ ﬁ?" ec\genv%é?ﬁﬁ Y9 %yntrﬁ?{?g%)\lgﬁp F‘fig I%I]?alﬁ%‘éserstood by
those skilléehh3. a2, éri&M@@aﬁéWﬁ%&a@mﬂlmwmm@s&pwwmgmm teffseent tissues
or cell typeg, geak diffesentfirgas ehdevelopment. Ak MesPASe 49, differantrnyirgpmeal or

physiological conditions. Promoters that cause a gene to be expressed in most cell types at most
times are ¢ only referred to as "constitutive promoters”. Promoters that cause a gene to be

expresse cific ceII e are,commonly refer ed to as ceII -specific

"tissue- spéﬁﬁ%ﬁ%g@s B Sterefhat a&égz LyBHET B E@ p‘t{%{r‘g ?é%?ﬁq%}’e?ge of
developmentlorcell Hiffeeentisticfrdrd’ burnroniyseférteditgws R@te\/eltmﬁembaﬂymbwﬂmpromoters"
or "cell differeRtalion:sRECHcARMAIEIS I raBaless thal e drduced,aghcaise & gene to be

expressed following exposure or treatment of the cell with an agent, biological molecule, chemical,
ligand, ligHESSFYREHR B0 At 88 & PR S & BRI ONTY Tt OGP RY “HBtatites

transforming RNA or DNA can be integrated (covalently linked) into chromosomal DNA making up

the genome of the cell.

[0073] “Transformation” refers to the transfer of a nucleic acid fragment into the genome of a host
organism, resulting in genetically stable inheritance. Host organisms containing the transformed

nucleic acid fragments are referred to as “transgenic” or “recombinant” or “transformed” organisms.
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promoters"” or "regulatable promoters". It is further recognized that since in most cases the exact
boundaries of regulatory sequences have not been completely defined, DNA fragments of different
lengths may have identical promoter activity. [0079] A "promoter sequence' is a DNA regulatory region
capable of binding RNA polymerase in a cell and initiating transcription of a downstream (3' direction)
coding sequence. For purposes of defining the present invention, the promoter sequence is bounded
at its 3' ter[6iH Dyethertransatiptignninitifittofarsiie apdexiendstipsiiéanictbldirectioiptadnclude the
minimum n qmug)n%:e_%fa 9()5&&19&%'E@?QE&&%@%%%%%&%%QWate transgription g’g Ieyels _detectable .above
background."Within the promoter sequence will be found a transcription initiation site (conveniently
defined fol@8ZPhpledtiiondppierymitheniuckiasw8m)sias welascidids acomditggubariatiesti@onsensus
sequences)fesRRRSIHIE fPRthe Ripdine: i RNARalyRerase: IRIBA] Aureding seakenes s, under the
control" of transcriptional and translational control sequences in a cell when RNA polyrnerase

transcribed e EBAHYSBAER TS AR A GRS Hen trans-RNA spliced (if the coding sequence
contai ns irmoms] Mudmws&ag@%iemamﬁ’mmhﬁm@d@d@wm oedingseigogeo] ORSdibal
Transcripional and fanelalianal conirgl seanences’. are NAegulalonseauences, such as
promoters, enhancers, terminators, anc the i e, that Brow e for the expression of a coélng sequence
in a host call apieiimiystiensells 2 polyadermpletisissinalscarseongo sensentesfoosaf fise term
"response @le el iMEANEONERENROEEcEi BragtinglaNA Rl R sMER srBfen /RS RORSIYENESS oN a
promoter me iated throuygh intergc_t';(o& }Q/ith e DI -fbindin omailns cf)f tpe fLr]st chimeric gene. This
celi or or nlsm}%ﬁa’c bas mherited the nucleic acid of mterest, \HExamples of selectable marker gene
DNA elemén maf e either palnalromlc (perfect or |mpen§ect TS sequence or compgse of
sequence knotifseod heed Siths s pateteddysorpaiiiis ecrsiioeiocofmmiklbntittestombieithalf sites can be
similar or idgnfical;and.arranded assithe baikgabordnvaited.(RRsals: Ohasha Biaaledrlfsite.or multimers
of adjacent half sites in tandem. The ,resgr(x)fﬁse element may comprise a inimgoé)romoter isolated

from differ&Fit BPYAR RIS BRISEHERTE G50 A R R FESBIRE E81r S SPGRAT I ARt T &R th&%esponse

element wilkdkincorporated. The DNA binding domain of the first hybrid protein binds, in the presence

or absenc (ji nd, ta.the DNA sequence of.a response, element ta initiat Of suppres
ranserio o A ea T Sy e e S o e e B R o o o
sequencefofraisisrisece soethesreiiomte srantaffeddysesa faveiiterisnendde track the inheritance

RRGG/TTCAMISGAGA Y Mittse€ o RRitisdosiBlr 8lpaflA0hi @EnesRRVhOndRe A3 bt

AGGTCAN{(@KA@GE?AﬁWhere Noo can be .one or more spacer nucleotides (ésFe Dr'ﬁvino PP., et. al.,
(1095), Mot ESi BN ST £GP BB PR @é%ﬂ%ﬁ R o RRS e et .
(1994). Mdn@allaBiolsetidn 44a5- s dy: [00B3ET Heqemisen fpatsseiinieldiniéErs to the association of
nucleic acighRRAHANERS ORA RIRgRAielcracid fragment 3e.hat AheufunsliorR-qtate dsaffected by the

other. For example, a promoter is operabl;&llnked with a coding sequence when it Is capable of
affecting tHE®xpTSEERIR BIHSLEEEaMTY 25508 A IcEd IRBTIHE®Sing sequence is under the

transcriptigeaeyrtieheidhe-premoten Gegding segueneesaaning opekahiiinked todggulatory

n in sen r anti rentation. .. _
seque Cessequségces gr ?un%gct)rﬁa? NAO ﬂ?getr?etra , a coding sequence is located 3' to a promoter sequence,

Promoters may be derived in their entirety from a native gene, or be composed of different elements
derived from different promoters found in nature, or even comprise synthetic DNA segments. Itis
understood by those skilled in the art that different promoters may direct the expression of a gene in
different tissues or cell types, or at different stages of development, or in response to different
environmental or physiological conditions. Promoters that cause a gene to be expressed in most cell
types at most times are commonly referred to as “constitutive promoters”. Promoters that cause a
gene to be expressed in a specific cell type are commonly referred to as “cell-specific promoters” or
“tissue-specific promoters”. Promoters that cause a gene to be expressed at a specific stage of
development or cell differentiation are commonly referred to as “developmentally-specific
promoters” or “cell differentiation-specific promoters”. Promoters that are induced and cause a gene
to be expressed following exposure or treatment of the cell with an agent, biological molecule,

‘chemical, ligand, light, or the like that induces the promoter are commonly referred to as “inducible
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[0084] The teim "exPression", as used herein, refers to the transcription and stable accumulation of
sense (MRNA) or antisensc RNA derived from a nucleic acid or polynucleotide. Expression may also
refer to translation of MRNA into a protein or polypeptide. [0085] The terms "cassette”, "expression
cassette" and "gene expression cassette" refer to a segment of DNA that can be inserted into a nucleic
acid or polynucleotide at specific restriction sites or by homologous recombination. The segment of
DNA compPieBstarpoly rigerdstile Rivatositodels Bugiskisepsiie bl nitanesin 8106l (R THESEHE and
restriction siigsiaie: designedio-ensuce insertinb.ef hasessetiaiRdeN epensaadingftame for
transcriptiq{g and traq?ajati%. &;Fariarggrfl%rtmaygvn cassette" refers to a specific vector comprising a
polynucleo id %ﬁg?%nc‘f)edesna po?ypepffdae oti%terest and having elements in addition to the
polynucleofith fHat faciitste dsqresfotmatioN/ofegubssticieigivhogibll biCasseifass exjyressivincassettes,
gene expression: easselies.aN iRnTimAlioncasseies lndheRion maKAa Gmprise elements

that allow for enhanced expression of a polynucleotide encoding a polypeptide of interest in a host cell.
These eIeﬁ%“f‘ﬁ%@ﬁ%@/ﬁ?‘?&?ﬂﬂ‘é‘}’ﬁfﬁo&rglﬁﬁrf)ﬁ??ﬁ%%f%‘?rﬁeﬁm&‘&‘?g % HiniFERBROMJRET, an enhancer, a
response elemeatitich iarmamnatetsagurrads dmaehnde iylation)seaieeanilithediken(@O86] The terms
"modulate”, and "modulates” mean. to induce, reduce ar, inhibit n ic.acid or.gene ression,
resuiting A e B on 10087
The plasmitis BPetsicisigEes /i §etP the dveriphomiirip et rprrenty fshsedie Framister suitable
for driving exprassigr.ah agene: o1 Rosicalbribr R eXPISESRBVERIeK-IaR8s AyRalaNeplasmid or
vehicle des#'igrq&d?tlo ennakyﬁﬁzre g}%geergsseion of an inserted nucleic acid sequence following
transformation in on?ﬁé Rost. The tioned gene, i.e., the inserted nucleic acid sequence, is usually
placed undHH$#Y aantioketoentroléledee iscouichi'as aapsompoter) antiniriati@rdmatard, an enhancer, or
the Iike. IniUgfiep, coRUQLIEOIOR% AARAMAIELSnOIER.TEUsEiL Lo, e RuBiRRplomplAnglelc acid in

the desired host cell are numerous and familiar to those skilled in the art. Virtually any promotei
capable of B theREdHdbesdintHrsRse M8 HRsdErIPEATBRIACL B G H BEYR fRREY to: viral

promoters, iaktadalpregietees, animal promoters, mammalian promoters, synthetic promoters,

constitutive Qters, tissue specific promater, developmeptal cific promoters, induciple
oromoters, KoK LA G T 115 AT CATA Ao B3 PR B4 Sbs,
GAPDH, APGHoTRPeipRAS (rBlD@E NG, TPk kal e plrdspiatasecprontdtersd{us efgidoreexpression
in SaceitarqinyicRsidft 1 RURIANRABLILSERAMALEXRERIIAN.IR Richia)ef3:tagtamase, let, trp,1PL, 1PR,
27, we, and tie g&r)omoters (useful for expression in Escheriehia coil); light regulated-, seed specific-,
pollen spedifi@82dFhsycspeerponsAlsHgen asmiorisEasE ritading PNdIFlewmsisbishieovfins 35S, CMV
358 minimaksgassavasy 6 Mosaier iddibte GVl ieakianophyta/Orising. prieihsrbawese 1,
S-bisphosphate carboxylasershaglyspeciic ool sheciie, chitnase, stiess, ndulble, ice tungro
bacilliforin virus, plan upér-promo‘f\er, po?a?c‘) felicing a nmopep‘fi&jase, nitrate red cr%allse, mannopine
synthase, riopgine aintensecdipigertivney aiptifrotdif tivelsaphos)arirgidin oterbefwdahgldoidexpression
in plant celtg). aninaland voammalianeremetarsicRonn ntheiRttigriide b are foklimited to, the
8V40 early promoter regi moter cont 'ned?'LFéthe 3' Ion{g terminal repeat (LTR) of

igg\{meé , o] ,dieepr(ff

Rous sarcom& Vs TR E ,u%ﬁgl?g?c? ST DI EEIA SRS or S SRB R SIEPTITRY arRss ot
adenovirusesn{d)pritrectytomagalovr asi¢Cn Y Jearly promdteribethenpes siitiplesti virus (11SV)
thymidine KIRaSg LG RiRmeleadhacaws:i b Riameleh aneiaagatiombriarh airha (EF 1)

promoter, a phosphoglyeerate kinase (PGK) promoter, a ubiquitin (Ube) promoter, an albumin
promoter, tﬁ??gﬁ%}ﬁﬁ@@bﬁﬂ%&@%?rﬂ‘?glfﬁ%%l@%@t%ﬂ%ﬁﬁﬂ%?ﬁ-theﬁ? thEtEIeArRPHraTRERRStonal
control regidascthe tibiguteusprosyn otessc BT dyimentin, @rallnptabiilinegriatidieolikey, the promoters

of the interipegiale MlamenisdieanipoReuollamenls Keall GRAL ARF IR E) g promoters of
therapeutic génes (of the MDR, CFTR or factor VILE tggg and the like égpathogeness or disease

related-profRETRRS B BRIGETS T TR GEL fece Soeihery - eficrhd b &b Serstifdin ansgenic
animals, suth pa\theTelasigseGyenestenrtig), tegierrdichis apibee itcpancseatcmeras Pells:. insulin
gene contrqgl regj tive,l ane eafi ta cells, i %Ig i coptrol region.active in
lymphoid cglhé?%n%%’ggomygcﬁ?m%:r?/otgﬂ%%iIsﬁiﬁ; %b%nt%?zrﬁg*glon ac#épﬁ}%?sﬁslecﬂ%ﬁogfggéﬁyrﬁbhoid and
mast cells; @ltbUif Jéple CAbBial dhd®pg4d control regions active in liver, alpha-fetoprotein gene
control reg?{m}@swﬁa&#Mesféum@1ﬂq1é@ti£wg§ke BENQ &R LRI ACH R 0 Ib¥er «f3globin gene

control region active in myeloid cells, myelin basic protein gene control region active in _
oligodendrdtE e Sramenh eI R LR I ORE S eRHE K M Ao Jit P3RS PLRBREEI muscle,
and gonadotropic releasing hormone gene control rqgion active in the hypothalamus, pynivate Ithiase
promoter, villin promoter, promoter of the fatty acid binding intestinal protein, promoter of the smooth
muscle cell a-actin, and the like. In addition, these expression sequences may be modified by addition
of enhancer or regulatory sequences and the like. [00881 Enhancers that may be used in
embodiments of the invention include but are not limited to: an SV40 enhancer, a eytomegalovirus

(CMV) enhancer, an elongation factor | (EFI) enhancer, yeast enhancers, viral gene enhancers, and
tha like TOORO0T Tarminatinn control reAainne 1 a tarminator or nolhiadenviatinn ceariencree Mmav alen




polyadenylation signal, an SV40 late polyadenyiation signal, an SV40 polyadenylation signal, a bovine
growth hormone (BGH) polyadenylation signal, viral terminator sequences, or the like. 100901 The
terms "3' non-coding sequences” or "3' untranslated region (UTR)" refer to DNA sequences located
downstream (3') of a coding sequence and may comprise polyadenylation [poly(A)] recognition
sequences and other sequences encoding regulatory signals capable of affecting miRNA processing
or gene expressiphinfievpbly ecfirytatienosighert isiuswale chaffaciogitedtyycaffecthgaredeition of
polyadenylic aciddractsig ﬁk&ecc?aﬁ@qeqﬁm&li@alxéé\t&r%%%&g%&a%@m%@%@jo@'Am%ans a

nucleic acid sequence that regulates the expression of a second nucleic acid sequence. A regulatory
region may LTI CBRTERERE VITCR 4P R RIPRINPIREIEh T ST or SRPFEESIRY ¥ fticular nucleic acid
(a homologoes4Egienerergxinchde sequencesairatdifie renteigin thatatecraspansine dor
expressing difereqt proteins QT sven synihetie.proteins (& heterplogous.reaian). In pariouler, the
sequences can be sequences of prokaryotic, eukaryotic, or virdl genes or deri edssequehces that
stimulate orefeifrcsanstetivscipioh ofnie gareldh & 8pBemEdr nonspecific manner and in an inducible or

non-inducihigyganet. ReIIRIR egionsiRchdg 0rigins of d eRlicalion. RIMy splGe Sites.rpmoters,

enhancers, transcriptional termination sequences, and S|gnal_se(1uences which direct the polypeptide
into the sefetd PatwAFTrReG TeGaelic 16695 PRIYBLUMSRA BB HGH S Rt oibBbus source”
is a regulathsynsRgion thatisiaabn ailealdyrass o dcudiprides expyesdedititigienacies Ancluded among
the hew?"'%%ﬁ‘#é [3d %ﬁﬁgé% E?Q{Q?l% AsIroMIRIn el ﬂ§sf£%”ae§i§££%e{§é}¥sﬁ%el%§§i EFfM%tOW regions
from a differe é)ene, y ndq’br%e?g.u atory sequences, and regulatory sequences w ich 0 not occur in
nature, but @reelRBiiadBy TSR Sruirar ekimirthsaretono draRittsn sefptc refers to the
product resiléngdeaipeRiNAdolyrerasesaiplyredbinaatinionef fobiApsae denegevhen the RNA
ranscript s, & perfect compIEMEn@. o0l e NA sequence, s teicried [o as i primary
transcript of It nfay be & RN s_equencé) fived %ror_n post-transcrip lonal processing of the prim:my
nanscript afrlissteties 10T e e aatigPesRIR AXPTRAESR 4R RAVA HRAFIUM i Repsetist REIRNA that is

without intrgRe:Abe thakEaRdRetRRIASE: IRt Mg bydhecalbesiNA: iefiersdedouble-stranded
DNA that is co Iemelntar {0 ‘dt degcivedhfrc%m lilnkfl}lA' "18enste" RNA refelijs 1o RNA tran 1Ecrjpt that
includes th&f E RRdRSE EaN Be Tanstated i o‘pro?%i’ﬁ3 5?%%%@“@%%%&5@%% Trefers to a RNA
transcript thatsnotsm pleimisatargroterd) asrephanet.a tospespelpmeny. rdnserptioeeneRIA, and that blocks
the expressignQfa ialgel-gene., thewonmplementarity of an antisense RNA may be with any part of the
specific gene transcript, i.e., at the 5' non-coding sequence, 3' non-coding sequence, or the coding
sequence. -fﬂﬁﬁﬁ%b%@mﬁnm@%’@%m@@ﬁ%@sﬁm? FHBYiRe RNACHR BB RN AR 1§61
translated yephasoanrelieciontcetulacirocsasas, 200941 A ipahipepiidedishoppiypaticccompound
comprisedé))if%%gg%g'ntly linked amino acid residues. Amino acids have the following general structure:
I-1 R-C-00

[0087] The plasmids or vectors according to the invention may further comprise at least one

promoter suitable for driving expression of a gene in a host cell. The term “expression vector” means
a vector, plasmid or vehicle designed to enable the expression of an inserted nucleic acid sequence
following transformation into the host. The cloned gene, i.e., the inserted nucleic acid sequence, is
usually placed under the control of control elements such as a promoter, a minimal promoter, an
enhancer, or the like. Initiation control regions or promoters, which are useful to drive expression of
a nucleic acid in the desired host cell are numerous and familiar to those skilled in the art. Virtually
any promoter capable of driving these genes is suitable for the present invention including but not
limited to: viral promoters, bacterial promoters, animal promoters, mammalian promoters, synthetic
promoters, constitutive promoters, tissue specific promoter, developmental specific promoters,
inducible promoters, light regulated promoters; CYCI, HIS3, GALI, GAL4, GAL10, ADH]I, PGK,
PHOS5, GAPDH, ADCI, TRPI, URA3, LEUZ, ENO, TPI, alkaline phosphatase promoters (useful for
expression in Saccharomyces);, AOXI promoter (useful for expression in Pichia);, B-lactamase, lac,

ara, tet, trp, IPy, IPg, T7, tac, and trc promoters (useful for expression in Escherichia coli); light
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NI-12 [0095] Amino acids are classified into seven groups on the basis of the side chain R: (1) aliphatic
side chains, (2) side chains containing a hydroxylic (OH) group, (3) side chains containing sulfur
atoms, (4) side chains containing an acidic Or amide group, (5) side chains containing a basic group,
(6) side chains containing an aromatic ring, and (7) proline, an imino acid in which the side chain is
fused to the amino group. A polypeptide of the invention preferably comprises at least about 14 amino

acids. [009g}.AtprateinspisaPalyneidatbab peyfarsnsia stucidradiosfuneiirnakiale in a living cell.
[0097] An "isplated polypeptide”. or visglated protein” is a palypeptide. or in that.is substantially
free of thocsaél%g)r%lb%ﬂ%%t 1as§§§r§(1)\§?]§ﬁ§ ?@é&“ﬁa%&%?%ae%%“\%%ﬁ%ﬁﬁf’é%%%?a st t?ﬂgra??{g?her proteins
or. polypeptidbindpgaimicincitislosatbohifahasebathsrieyxyiss| sheot seende riaAreo iexehidasartificial or

synthetic ixiyiesWith, atkekGampaunss: GniheRiesBcs ahibhyoliasbich.depatiniadere with

biological actiyit , aqd which may beﬂpresgglt, for ex%mple due to incor(r)l lete purification, addition of
stabilizers SF €S FB B RS & PR ACB AT a%sceegi’éqgfgnprzglﬁlapr% 101, ﬁ?ﬁ)@%ﬁ?&yﬂnm'

variant” of a
polypeptide orqiroteistlis fangxpmsiioy tep frdgrienanderl vat vernonalinmt arnwisichaiswenvkelftom a
polypeptidg idaretein.aacnmichdairiss At deastane bigiagical-prrpsity RhthgPolyRgREge or protein.

Different variants of the polypeptide o‘r%iprotein may exist in nature. These variants may be allelic

variations Ofiardei&iFatr By wHe AR RS eRTa tYe B et BB R bt PyBRE coding for
the proteinateproayitn(dive) differefizhspliciey 6d)phstsiranstational (OdthTicatlpprobivecskibed artisan can
produce variants;aving SinglsarmMiiRe AINDerRS g sHRSHIERNRARlHENS. Additigns, or

replacements. These variants may include, inter alia: (a) variants in which one or more amino acid
residues arE"$aBSHfATEE Withhe S RIAT9E o P RBITRIGRYETRRE RIS A Erasqsy dahiaHiEin which one
or more arfiibe) acigstareadbetioihepalireptideoy paieirts (&) tvamansiritioaasor more of the
amino acids includes a substituent group, and ariants in which lypeptide or protein is fused
it ot B o B e
including generersikikssibhriomsletoh Sisieanetiaic dleowh &pieda, anaosiymiatierdehniques, are
known to paraenshadng.prdinannskil i1 the.sst:{0R99] Br thetermloopur srelaty Vigfefstend protein not

naturally pfoduced in, the cell, (010014 matuire br O%?A” JSfers 10,2 pasttansiation: '1"%’ processed
polypeptide’i.e dhe TRShT WIRICh any pre- of propeptides present i the: primary ransration product

have beemeepiovediilirdolirsoetprowinatefach &5 theepsimahgprodusvbietiansthiibnsefimRINA, i.e., with

pre- and pgopeptides;silll RieSeRtF e aRd:raReRtides-mavRe-Rdrre 20t limied iiitacellular
localization signals. 1.001.01] The tenn%%&géﬁgﬁtide" refers to an amino terminal polypeptide

preceding FAE SEUFRIERFTATIFE BroraRt: SR g ER Y BHE SO &R fdPe not present
in the matursi pristebne:Signabipeptidesasaned shdbfumc tier: ol rsttingAandi\ifanstiot atpigpsecieted

proteins agrqg3 CallMembIARaS R0 ReRHEEASiASO [RE U0 A% SIgNAlRLEIN o1 region
active in the liver, B-globin gene control region active in myeloid cells, myelin basic protein gene
control region active in oligodendrocyte cells in the brain, myosin light chain-2 gene control region
active in skeletal muscle, and gonadotropic releasing hormone gene control region active in the
hypothalamus, pyruvate kinase promoter, villin promoter, promoter of the fatry acid binding intestinal
protein, promoter of the smooth muscle cell o-actin, and the like. In addition, these expression
sequences may be modified by addition of enhancer or regulatory sequences and the like.
[0088] Enhancers that may be used in embodiments of the invention include but are not limited to:
an SV40 enhancer, a cytomegalovirus (CMV) enhancer, an elongation factor 1 (EF1) enhancer, yeast
enhancers, viral gene enhancers, and the like.
[0089] Termination control regions, i.e., terminator or polyadenylation sequences, may also be
derived from various genes native to the preferred hosts. Optionally, a termination site may be
unnecessary, however, it is most preferred if included. In a preferred embodiment of the invention,

the termination control region may be comprise or be derived from a synthetic sequence, synthetic
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[00102] A "signal sequence” is included at the beginning of the coding sequence of a protein to be
expressed on the surface of a cell. This sequence encodes a signal peptide, N-tenninal to the mature
polypeptide that directs the host cell to translocate the polypeptide. The term "translocation signal
sequence" is used herein to refer to this sort of signal sequence. Translocation signal sequences can
be found associated with a variety of proteins native to eukaryotes and prokaryotes, and are often
functional jpbatthiypea abeiganisme 1{80b03%chnk tetmghymotouyy pefedenttathe gefeent of identity
between tyg,RONINFAGOIE Ao RalRERUHS Molslies, INe. cariesRandsnee baigen the sequence
from one molety to another caﬁu be detérmirie by teéchniques icnown t the art. For example,
homology HHI BEIte termsiiiE ciycadiiechemenpanis 6 witins! ged treroe(IiB) nafiots Baiveen two
polype ptid@e?ﬂ&l@@é&&'ﬁtg’&’ Rlgning-the seausnes farmationaAndusingd ?@9&%@4%‘&?'3 computer
programs. Alternatively, homology can be determined by hybridization of polynucleotides under

conditions PR oM SREBHEHEAIEREE BRI HERIGT GEUS PEFEHE ToIRETRE By tigesatreitien
single-strami&th-ppecHinguctease{srantt site deiedmylationsghthe diggstebhfragriredts. [00104] As
used hereifihe, ferm, dRRMOLeEAYRIINALIR GRmPacALiarRs,antk spelling, yariations refers to the
relatlonshligbetween proteins that possess a "common evolutionary origin," including proteins from
superfamill89%¢]1GRagrdatammiagion| otsatinasmsisitaniflypanach8nioksyletes bromairessteoret differaht species
(e.9., myosinlighicchaifucate.) ARGAGKS! Rkioh 987 ikeellSR66:E s wiiehpateing{and sheirencoding
genes) ha\%e sequence horrtnolf - ref| t%d b(}{ their high de ree.ofls guence sin}ilarity. However, in
common uSAGeand ih tRE 18 %rﬁugﬁlﬁl%é%%ln “the T xﬁgf%oﬁl'?o%g(%lsrfq %%gﬁq};ﬁﬁ%fﬁigoawith an adverb
such as "higfityehirmagirderans weepreibelsinibzaitnaddishipuirmmors evctutioriayrarigi(a [00105]
Accordingly,thadesme csamyiencaisitmiariy dyathits aremmaticallampraifistedhedegrge of identity
or correspondence between nucleic acid or amino acid sequences of proteins that may or may not

share a cofTHERPES i AforErSF SIgRTs LR HREER S aP oI os S ERI B Eb5 e DD ISEH I Lpecific
embodimesisdifioihbArsedirencedwidd substaniiaiycomalogieslaony sighstantially sigilast when at
least about 0% {pralerably alleashshout 53and mosLRIaARl,ALIEAsLARRL A 9EY0 of the

nucleotides match over the defined length of the DNA sequences. Sequences that are substantially
homologo¥Earf e eh ke %?/Rf&‘ﬁﬁgﬁﬁg“mg’%%ﬁffé%&ﬂ%ﬁ@ dithrdriratsefware available in
squence @km%%asm%gum&r? %g??&ﬂﬂ%ﬁlm =h%mia&gaﬁ9fgb%9er§m@@awmﬁge%@% mmﬁ&nﬁgﬂagent )
conditions as defined for that particular system. Defining appropriat ridization conditions is within
the kil of (8 A G0 B SR Brar. 150ea PR i T R (LR LB P et Etantially
similar" refeagionslgionatidfratffremiswhicraedhangesiondrommorérmtimotidetbdses results in
substitution.gf 1918, QL MKEs2ARINQAGISy RuhdrAMafert funclional Rrorastiesofthe Rretein. encoded
by the DNA sequence. "§Lﬁ),stantially similar" also refers to nucleic acid fragments wherein changes in
one or mor& HUERBOHER BESES BoES not affect the ability of the nucleic acid fragment to mediate

alteration d0QORE RXN &SSIORDY-EBtS6 ASSH A Ga-SHPIESHOMRICEHIIngysc-Dbisiaatially similar” also
refers to modficafions,of thesuidele aci Tagmenis of e Instantavention such as, delgfion or
insertion of one or more nuc eotide bases tIi'ljat 0 not su(b 'gantlgﬁy atfect the Tunctional properties of
the resultingNfasesEese it is wievefdec &g SrStend estibeoiiVantibh it biaasse devrélthmn the
specific egsmtpdﬁfm@qt@9%&%@%&}@1@5@;:)@%&@@65?a&i@ﬂgﬂ%\@/ﬂhygﬁ&m@th@m@utine skill in the
art, as is determinatiqn . tign iologi tivit the encoded products. [00108] Moreover,
the skilled ar %5%%3&%%&%?% tlseg r%fﬁﬁ%%@éﬁﬁéﬁé’%ﬁ%%@g Se%%ﬁ%%@se%%’?f ?38 ﬂﬂ@ention are
also definewtdsithmithalbifity ‘teDhyiidizes, tanderbitritgeded ol ifionis ¢Onbk:B8BE 00 8B8;d65C and
washed with,2%-RSE, OsL% SRS RIGWRGRA CA%55 Gelrk¥e:SDS) it the seguences exemplified

herein. Substantially similar nucleic acid fragments of the instant invention are those nucleic acid

fragments WSREDRIA LRGTNIEE She af TARE7 GO IgERTEA o i BREEEGEEHce of the nucleic acid
fragments repoitecitreydinl Rreferreth sarbstpntallytrucient ack Fagmishis hédhelinstantsionarition are
those nUd%iFal%‘é{%Jﬁ@%‘l%Q@n‘M'@&é&B SEAFRGEESIANR ahieash R0/ danieal.lg e DR sequence

of the nucleic acid fragments reported herein. More preferred nucleic acid fragments are at least 90%

identical to RS BRIA Setfulhtd Bt IREMR ABIRSTId AEGTIERESTBI5Brt O s &3ADE YW HfSre preferred are
nucleic acitifragimentsthatdse at de@sh@TU A eiticaht®ine, RNAsEUeneeiohihenugieieacid

fragments {gported AR y1ar processes.
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[00109] Two amino acid sequences are "substantially homologous" or "substantially similar" when
greater than about 40/G of the amino acids are identical, or greater than 60% are similar (functionally
identical). Preferably, the similar or homologous sequences are identified by alignment using, for
example, the GCG (Genetics Computer Group, Program Manual for the GCG Package, Version 7,
Madison, Wisconsin) pileup program. [00110] The term "corresponding to" is used herein to refer to

similar or heme4pgo: a&&grf@@%a Wheherheamachrgatianisidantsakacdifiergntffom the molecule

to which the similarity or homology is measured. A nucleic acid or amino acid sequence alignment may
include spé‘é%@‘e‘f’hﬁ’ém’ilﬂé%&?ﬁ?”&é‘ﬁé&%‘b‘ﬂaﬁ%‘l&rﬂrﬁér% the sequence similarity, and not the
numbering of the amino adid residues or nucleotide bases. [OHM A "substantial portion" of an amino
acid or nucleotide sequence comprises enough of the amino acid sequence of a polypeptide or the
nucleotide sequence of a gene toputatively identify that polypeptide or gene, either by manual
evaluation of the sequeRc& by slcilled in the art, or by computer-automated sequence comparison
and identification using algprithms such as BLAST (Basic Local Alignment Search Tool; Altschul, S. F.,
et al., (1993) J. Mot Biol. 215: 403-410; see also www.nebiailm.nih.gov/BLAS17). In general, a
sequence of ten or more cgﬁﬁguous amino acids or thirty or more nucleotides is necessary in order to
putatively l{iamsymaiwﬁpa@e:mme@ asithsesiye BeehashRMBolegMsS teIakNAQWAlpESLeIn or gene.
Moreover, w&th {lesgeg to.n %Il%gtclo e se ccemk mnn eCHIC ggg%nu Iencgtlde%)rrl%bes1 gmprlsmg
20-30 contlguous na ofldes may be us%?:] aﬂ gh \ethods o genel Entification
(e.g., SOutnemSh%rréi:z@r%n)camralwaﬁéﬁct@@f.?lrn@monydﬁbjrz%ﬁ@n@r toatragl ColonBesr
bacterioph@@e@&amu%)mﬂmaﬁ@tm Rrehid eligenucieatides af A@@@d@@ﬁﬁ%ﬁ@%@%&%@@
ampln‘rcatrofn Eﬂn rs in.PCR in 06 to ob a| partrctlljlar n%r rlc acid fragrp{ant cgmphﬁrng the
primers. Accordlng %a%%““é’ Stantial | r??on 0 aer%ﬁ% eotide s%rau ﬁgen%g%ﬁrlggé %noug of the
sequence mrslpe%ﬂfﬁeally identify and/or isolate a nucleic acid fragment comprising the sequence.

[00112] Theyigsg) APSISRRGILENR L AeEROWLIR e aft, i3 ATElaHons IR, BRI G SR A9 gr more

polypeptlde sequences or two or more polynucleotide sequences, as determined by comparing the
sequences| (AXRbrartisideadtigtypdstdeioaliscia bugieie’ of seejueantderel atedinabst between polypeptide

or polynucle@;ggﬁtag HEDELF0aSe &aﬁen@m@ﬁexﬁagega@m&ﬁmem maichefiveensyings of
such sequences. "ldentity" and ' génllarxﬁy can be readil 15)qul ted by known methods, mciudlng but

not limited ?81%850@68‘&’6%]@86%1 oMp f‘éﬁ%ﬁ%f’%ﬁ@’&ﬁ 1By (EERKIAS RPt Byt Bxford University
Press, Nevex¢orde (198831 Blgmmmn@urhaf@ﬁﬁnahcscemd@emmm‘éd%mm$ (Smypthites Wigtedh)
Academic %5?%@&%%¥PEK}%§9§%WQH&%M é&ﬁuﬁp%%adﬁ%%ﬁ{ﬁ@ﬁ A.M., and

Griffin, H. G., eds.) Humana Press New Jersey (19 e uence Analysrs in Molecular Blology (von

Heinje, G. @H‘?%E%épﬁiﬁ‘qﬁr%fﬁaf’i P Oaﬁﬂ@%ﬁﬂgﬁd@ ISPHAER RS BEGR P RRAZHE D evereux,

J., eds.) Stooh3) Rreasaiiesy & ikdb8ad br Er&&erre%m&r&ﬁe tR.delennrdeNtfamdesigned to

give the bes&l arch beF(v en the se% ences ttested ootls to d tertmrn cflentr and srmttllarity are
codified in PUbtich SVEi B CHR BRI SragraRE equené%aa Sntosmf’;\ y p%c%epn?]ra&r%
calculationshezyyybepidsr fomrasel i Sirtieties Megmrgﬁtlpﬁrygimmtﬁﬁb@m@@&mwkﬂﬁmlmrm atics
computing $Hite (NAST AR Qi Mﬁgh%g?cﬁééad‘é%é@|§>@'ﬂﬁ&@1‘x‘%€§%@ﬂéﬂ§olé&%§%@ﬁc@§%¥ be
performed using the Clustal method of alignment ng'%g%?nd Sharp (1989) CABIOS, 5:151-153) with

the default P& THEE SPeSARBE NEWOT@ & AR L ERETH PN AL Py Hﬂgfgﬁrflﬁg?ﬁ%eters for
pairvvise ahgniferitsousihgstiiée Clustal saethatlaneyibesseieatedtigik DURLENE, BAP RENALTY =3,
WINDOW=g, a8 fNAGANA S 2D oﬁeﬁ@a@@&é&sﬂ?ﬁe@ mlaﬁw@ygaﬁga},y@saggf%are refers to

any computer algorithm or software program that is useful for the analysis of nucleotide or amino acid
sequences” %&en@%n&%%&m%&%&%%m@ﬁ&@ WA g BHTAdEp¥hdently developed.
Typical sequernce:ansdysi® satvyérevavilintdludeduhésonoblimaiteh ta e LG St taeafoprageain s
o B AR SI50 % QiR aeL 6o CemPHIEL GRS Madisn i BLASIE. BLASTN.
BLASTX (Altschul ét J. Mot Biol. 215: 403-410 (1990), and DNASTAR (DNA TAR Inc. 1228 S.
Park St. MA@, WEEThS RIS AN ﬁr%@eéﬁteﬂt%fhﬁ@%ﬁmwr@ﬁq@ SR B SRS that
where sequﬂm&eoaﬂahysreﬁnfmaﬁg sestsed fas aﬁtahkdﬁig,gﬂﬂ%dhﬁl}ﬁﬁ&bﬁi&n@fd&&@ﬂbaiﬁﬁﬂﬁﬂﬁﬂu be based on
the ' default values off e pro azrgcr%fc enu%gddrélpless theeg\é\gg ec(;r 20 1 herein ‘default
values" will' m an any *<ét of Values or parameters, v‘\}/vnl onglnaﬁ 64 %ﬁ% e S0 ware when first
initialized. [(OHY A “Symtbletiomgerest cafelsdoagsetribted fromibligoduettntitedsililding blocks that are
chemically synthesized using procedures Imown to those skilled in the art. These building blocks are
ligated and annealed to form gene segments that are then enzymatically assembled to construct the
entire gene. "Chemically synthesized", as related t¢% sequence of DNA, means that the component
nucleotides were assembled in vitro. Manual chemical synthesis of DNA. may be accomplished using
well-established procedures, or automated chemical synthesis can be performed using one of a
number of commercially available machines. Accordingly, the genes can be tailored for optimal gene

expression based on optimization of nucleotide sequence to reflect the codon bias of the host cell. The
clkilled artican annreaciatec the likelihond of ciricecaecefiill nene avnreccinn if codon 11ieane ic hiaced




The invention [00115] The present invention provides compositions and methods for obtaining
site-specific recombination in eukaryotic cells. More specifically, the invention employs prokaryotic
recombinases, such as bacteriophage recombinases, that are unidirectional in that they can catalyze
recombination between two complementary recombination sites, but cannot catalyze recombination
between the hybrid sites that are formed by this recombination. The inventor has identified novel
recombinagestbel aashdicastsrecershinatisnanishebugsnadasctesiaiachnensit(attB) and a
phage attachmflent site_(gt/l?rgr).] Tthde rer%gggtbin se cann%t mlegiate rsi)cgt%ryagin@tiog %&yggen the aid, and
atiR hybrid\gl?tlés Trarsre formed lff') i TecombiRation Betveen att. 13 and atP. Because recombinases
such as théBeceammd paione densly e phimpexesiidicddtiosiatibe dri Nad i@ttt combifation is stable,
This propetfiiz,paesihatseisthe-compasitionsandypetheds aiithe:rRiesentinuentiosaparbirom other
recombination systems currently used for eukaryotic cells, such as the Cre-lox or FLP-FRT system,
where the bination reactions are reversible, Use of the recombination systems of the present
invention p[ooitEy mavweppeidtnibesidor diecting siahladianspe anidchrosipsanasdeasmangements
in eukaryotic cells. [00116] The methads of the present invention involve contacting a pair of
recombinaii ST A Rt o) SRR e racaot I B AR R

correspondfignieeiiisintse tPhapEenpdirrtsaarianeoraters reveishiritiohasernedh the

recombinatighnatiachmentisitessDepentingdinenstignrelative locations of the recombination
attachment sitefgj\ny one of a number of events can occur as a result of the recombination. For

example, if e e omisiratisTustecHiati i trsrosbrebhutmdre e asesicaariBiedsies, the
recombiqat@mmmr@smﬁ éﬁrﬂw@gf‘faﬂeih Ghmmegnutdemcadhsl m@@p@ﬁ@é@}_&ﬁ&nﬁmﬁmﬁde@tﬂ& Thus, one
can obtain B&E?%@?&%% &Blasmid hal FRNIRINR ARSI e FATBINAtoR SIS, IN0.A SUKAN QMG Gell

chromosome ncludes the corresponding recombination site. Because the recombinases used in
the method$ e iffsrtibrceaitmsttaair A YU rsa @5t ORI HRSIHIB gt Fr B IS uch
methods are: usefihsfosixamiple, iereahitpningstable integratns ntOpilbrasukaryetierebremosome of a
transgene tlhgg tll% Present on épgfglragrgirgls [00117] The recombination attachment sites can also be
present on the same nucleit acid molecule. In such cases, the resulting product typically depends
upon the relf8¥8XrEntatiofohtesattettinte thetasnFof idywitm blewrec omibiviationchetwveensites that
are in the pasgllel ardirqoirieniatinnillaeneralvsess inaxeision At an.DNABALIES Between the

recombination attachment sites. In contrast, recombination between attachment sites that are in the

reverse oriGAIEHISAEEAN FARUANRT IROERio Hofthe ShESATEI il BROEY cRRRi iR B i Yearranged
nucleic acicosstabie dxﬁtﬂeabqtmcreizrﬁmbéutianibehis&:én_rwepslmepﬁdehﬁo&b&kembg aipamgtiditional fa(_:tor or
factors, genglaly.ensadad axdbentiauy hasiauonhads adlianby.heesicalbabill bacteriophage

from which the recombinase is derived, that is not mutually found in eukaryotic cells. One example of
an applicat®irsrimrPiERieri I pdsrirlrrisrendre prationidhit doa sitvs Gt setween the
recombinatiematitkhnbsitegiois e prembieidssioitiaily inihesoppesitpeoiieniatiarslaive to a
coding squggggtgprg% o b g)ﬁprees%%elgab etnhcg promoter and the recombination sites that flank the
promoter are in the inverted orientation, contacting the recombination attachment sites will result in
inversion ofl 66d §#brhoterd tiauesnptaciony thepebgrott iinlthe germseticliémtetion tocigeaigtiession of the
coding seqyence, aimUaL il e RMARGIS iitiglkdn the ConreLNeRIANCMIGE exRigasion and the

recombination attachment sites are in the same orientation, contactlng the recombination attachment

sites with tHEFEES ABhNee BRlira Sof P& HATRTBASCHE FRSTISIY FAag PRIrRIogRYS RSB Bxpression of
the coding ﬁﬁ@n&n@ﬁeciﬂz@@@mﬂy&mmgmmmsapaf.ll(\&ehakemlonQ@ﬁe@dﬁd(u%f/uj.fSn@mai@ing
translocations af ChraMesemes: T SXAPRIE LI SS eSS BRI NSNS, eeabinatian attachment

site is placed on one chromosome and a second recombination dttachment site that can serve as a
substrate fo¥'FIEBMbIFITIR ViRt PPTRBOR &S O BifstoYFat Rk M Sitdsarpibrmaeisats sebehd
chromosomeodifpan-eantactieg thenracammhination reftiachnpatsitasiuily amtaeombinasa, recombination
occurs that regu]!ts in_swapping of the two chromosome arms. For example, one can construct two

. €VOoLlutionary origin. . . . . . . .
strains of an organism, ohe strain of which includes the first recombination attachment site and the
second stralAGh@fkantaitisghetisecontscecontbination AttadhmentsitdicaHertwoestraingare then
crossed, to Qhtaina RASERY.sHARakInGHAes Aribkofdhsrasambinaion altachman.siies. Upon

contacting the attachment sites with the recombinase, chromgsome aim swap8|n6q7 occurs.
Recombinagy or may not share a common evolutionary origin (see Reeck et al., 1987, Cell 50:667).
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[00119] The reeombinases used in the practice of the present invention can be introduced into a target
cell before, concurrently with, or after the introduction of a targeting vector. The recombinase can be
directly introduced into a cell as a protein, for example, using liposomes, coated particles, or
mieroinjection. Alternately, a polynucleotide, either DNA or messenger RNA, encoding the
reeombinase can be introduced into the cell using a suitable expression vector. The targeting vector
componeritx)destiibechakayendimitsefubin the censitstion afewptessRimeasseitas containing
sequences anoding a recambinase of Interest, towevsy expression ol e ecombinass oan be
regulated in other w ys, for examp e,sby pVacmg e expression o the Tecombinase under the control

of a regulah PPN otéh he! hiprevaeideammidossshe ssfniapeBeosBlebiNeRpintged or repressed).

[00120] Respitbinasasfonbsainibadiaction efihe Rrasent inveninmean bepirdusag;recornbinantly
or purified ?%Prg\'i »uslly deslcp%ed. Pol ,T%p%idbes having th %esi edr ‘%oﬁrggggiage ac%ivit(}/ can be
purified to’ S a5 S G P a R 5 it e SR D R S 1y T P T e SR SCitate
precipitatiém eparificastiongariclomitigninstdebedniiedaipasizel fraptionaiisfinaffisripyoshismatography,
IIPLC, iongxchangs, chiematogianhyrbeparin agaroseatiniy.chromatograpsyy (g,e,, Thorpe & Smith,
Proc. Nat. Acad. Sci. 95:5505-5510, 1998.) [00121] Recombinase polypeptides, and nucleic acids that
encode thEf&hbinesse isetipephdesshitenie seiemioantisis, sid measnBad e empte, and can
be obtaineg disingxouNS ethad seknewnsiesiiosen of skilbindie aktndhirctared.erabediments the
recombinase js an isolated nucleotide uenc mprising a.nucleic acid that,is at least 90%
dentical 4 TR A Lo S e B A AR 1 se0 1D
NO: 3, SEEfCL BuSEQCbiNDeRisagr SECHImN O 00 ¢iersinieoitschesesserd misieddmbinase

activity. Mgugiprsferahly dhe qacambinasenisian iselated solmnusiastids segreRss ePpprising the
nucleic acid sequence selected from the group consisting of S ID NO: |, SEQ ID NO: 3, SEQ ID
e st v S R e G S T i
polynucledridesetpishcagoriprising auduetaidchoidsasraece thatoemoodeslaotscdnrbinkee selecting
from the giguip;cansisting, afec Sk e s8GaMBINRaRs 3R Qilderaubinases aExhktecomhinase, an

A118 recombinase and a (liRvl recombinase. [001221 The recombinases can be introduced into the
eukaryotic BT OR4 85 RG IR BRE T B BT AT R AR R MG MRS HE S K IR YRS RiBiFATOH edesired by
any suitabjeopoeth othdMethodssofdhtrobincheg duictiduibingheteinss ie ¢ichyimtionoifijectiomeif other

methods, {pie,cells.are:weldcnawidn the.ait. Introduction of purified recombinase protein ensures a
transient presence of the protein and its function, which is often a preferred embodiment. Alternatively,

a gene entYiitA§ Aéorexssmbinddie ¢ antivee rerolendesd TrrbmtsiapreBsivmils ceapmsetersarmasksm the cell,

in which thg fﬁ@%&ﬁ%&ﬁﬂ%ﬁ@e@@}m&@kﬁmwQoiﬁlﬁﬂefz%,bhﬁdhﬂkﬁ%@aﬁc&ﬁ@ﬁwﬂé)wﬁide“,lned;)ates
expression of the polynucleotide in t yotic e recombi olypeptide also be
introduce(;d iﬁt/oogﬁg’ gg%u?ﬁg%l S’cgﬁ %@%ggs?déné%r/@é f:fglg?“é%cgﬁe’qs&[%%%@cé/rggﬁ%sg%go yepeptide. Itis
generally preferresictraiiiieddcsmbivisentelhranelnt forlonseid foiztients aStis melerisisagytior insertion of
the nucleig,acig fragmentsiinio-the. 9enspekaingmedifieds ibisydhedacicafpainmapimce associated

with most expression vecté)r,s is.nqgt expected to pe detrimental, One can introduce the recombinase

gene into TR ERIFBEIBTE URE A8 SRR TERUL With: the 'ﬁffgﬁﬁﬁfgﬁl%}mﬂ‘@]@%"d@%ous
polynucledtigmeftinitiestsimonecsimbadithennitieicecdrithinase ghore IE\dresprbsithinatiestector that
carries thegpolypugleplidad paisdube dnsaiied e JoE aabinasa aens ﬁ@éln‘?‘é@&é’gxé%%@?d within the

polynucleotide. In other embodiments, the recombinase gene is introduced into a fransgenic
eulcaryoti® i§aridirezgens #5Aslanh i patr isahitdrrihgusaoraietite mttrrdRermERsssed with an
organism tapdreariaifis. theccotsespefdiigrecanabinati dngites: Tiansgerictosls iasraininalacan be
made that ress a recombhin constitutivel ell-specific, tissue-specific,

developmgﬁa %Blé%rll i%?%%a?ﬁlg%-g%gﬁ%%%%s}%%ﬁ%r%%%g%le-inducible or repressible promoters. The
recombina$¥d 89h Decalsiexplessedas aecfl miotepisizitowithsothe pyepiitiasa iy oteits” whelear
localizing signal paRtCGS +5gRAlRERRLES & a%m%a;%pg&m&-%kgﬁ@b%%@éigl%&ecﬁmﬂyﬁgfgﬂonCiria' or

chloroplast transit peptides to facilitate recombination in mitochondria or chloroplast). [00123] In

embodimeftS SEthe" BrEERARE b SrtGh T ERBM PR RSAVSIESE ATn I s " GHEBRSE 47 &s8Tated
polynuclectidmseqbetCs ¢GopiiisiOgnapwiaciempdic et igan ik &stiROGE (HRaficgd, thetiiernlcleic acid
sequenceﬁﬁ@gggdv&gg%gk%g{%%& sisting of SEQ ICI NO: 11, SEQ ID NO: 13, SEQ ID NO: 14,
SEQ ID NO: 15, SEQ ID NO: 186, E%ID NO: 17, SEQ ID NO: 18, SEQ ID NO: 19, SEQ ID NO: 20,
and SEQ ID NO: 21. Preferably the attachment site is an isolated polynucleotide sequence comprising
the nucleic acid sequence selected from the group consisting of SEQ NO: 11, SEQ ID NO: 13, SEQ ID
NO: 14, SEQ ID NO: 15, SEQ ID NO: 16, SEQ rD N©: 17, SEQ ID NO: 18, SEQ ID NO: 19, SEQ ID
NO: 20, and SEQ ID NO: 21,



Vectors/Constructs [00124] The targeting constructs contemplated by the invention may contain
additional nucleic acid fragments such as control sequences, marker sequences, selection sequences
and the like as discussed below. [00125] The present invention also provides means for targeted
insertion of a polynucleotic nucleic acid sequence(s)) of interest into a genome by, for example, (i)
providing a recombinase, wherein the recombinase is capable of facilitating recombination between a

first recominafinnisiie.aRd.A-sesanthiscomination.site. ADPLviding A lAREHNg.cpBRIUCt having a

first recombination sequence and a polynucleotide of interest, (iii) introducing the recombinase and the
targeting B8 Beiftachpesiionrideatrran diffeieat foadhe meigoete sbardhetiBiibiNgion site, wherein
said introdiehoR ds ﬁ_@fb@sw&de MaaRtitans tla_atna_{h)amt_ﬁheqmﬁmabgnaset tﬁaﬁ&i@ﬂitgi‘ﬁpa«f@s(:dl’hﬂﬂ ation
event bemissile lustand secondecombloption s 100ART The Aiasenl/aygalangisc relates to

a vector for site-specific integration of a polynucleotide seguence into the genome of an isolated

culcaryoti®deHesigier gertsieebfprstg a polynucleotlde of interest, and a second recombination attB
or attP sitggyarein qaidiaReepslEseomRnalian ik oL aHR: Atk cRMEises ARChIYE Isgtide sequence
that recombines with a first recombination attP or attB site or pseudo attP or pseudo attB site in the
genome of BHiR ARG HRTEERA AR LA AU ST ERIMISHSHER B &GP TR ST ERIESIf Y
site-specifiokgepiribinaseesealieetod ironuithengrdupddrsisiingceba distdtizdintiveytagépes phage

recombingsg, & SUGRIACOFCUS AYQIGRSRIASS IRCAMPINGSE:S Aol SublFisphagedgrombinase,
a Mycobacterium tuberculosis Eha e recombinase and a?)gl\.r/lfyco acterium snle?maus Egage

. g .
recombinad<s2prd\pRet thsr: EHE L Schnthiratidn dife o aftis/ ot psdliibl%tese #e second
recombinatiaf site israiiR. g BV ST/ thin fieskre corahinrt ontsiter is@t Poot gaseusiaiattkidhe second
recombination site is a referably the recombinase. is sqlected from the. ar nsisting of an
Al18 recc?r%ﬂ'n%ars%,o% @Eg%.lsr%%%mbig}élse, géllmség\éQt r%&??nbintrgge,par%%%\i%ggé%ngglﬁzgg, and a Bxhl
recombinaf$8UTOTES TPROIRENUE I GHTST HPIPIREH L8N METERIE: BUTrEPREtNAYIELAMEE expression
cassettes gngeing palypeptidelpmadietsdd hetargetingiagnsiuctavanbesircatasamlngar and may
also contain selectable markers, an origin of replication, and other elements. [00128].A variety of
expressiorll1 S\%&?os rSAre e%??aeg ee%lpﬁg%glsngﬁgnﬁga%%%é %?ﬂ%’%h?ggr% %rgghﬁrt%ﬁ[g Oléfﬁ or prokaryotic
expressionsalatios (kanyotituanpradsiben afpgpisbealotise whetiityeunstageewilltriddionshortimore of
the followiggfeRtiasi-a ArOMGteR R elal-eNRARGANEARIH OGRS A Betesligamatiensaguence, an
origin of replication, an inducible element sequence, an epitope--tag sequence, and the like. [00129]
Promoter ﬁ%ﬁl%lr%rr%%ge%?eaﬁ (%n%rﬁegéaoﬁn rﬁlé’én%%ﬁr%pﬂﬁ%\ssé%ﬁ%n%@% v‘?’}%gﬁnﬁ%ﬁo%gﬁlrﬁg?ase binds
and initiatesdientide sptioncchapiemnmaterzt efahaviemsided oyl tdentiBmsdfipitoirspecifying which

strand will,fe tiansarined-Basigriap anaigrs consist of consensus sequences, -35 and -10
nucleotides relative to the transcriptional start, which are bound by a specific sigma factor and RNA

polymerasHHdrhRsterBrosieter Sardmard e fidke Moltarihentdrs heizen Wosxmession vectors
are transcribgg:bydR Njupebyveraserihdaangnal deansesiotiondacioiadaikS)fisshbindgspecific
sequences near the start and.then recruit the hinding of RNA pol rase ll. hi addition to these
il RS 1 S e e o S BTN, el S R
DNAbindiry/prayisidetiidsthag preteipsiie gseamylbesp dejamaree hulhtangieh etiviey stiaggivienchromoter.
Viral ?rom%&?@rvqéaﬁiﬁam fﬁi?ﬁlh@i@yﬁsﬁ%ﬁ%ﬁlﬁiﬁaﬁuﬁ@&/@ﬁ%@?@Mﬁ&ﬁ@;ﬁﬁlﬁd@@ﬁ@Eib‘t’lide a
specific RNA, rnerase in trans (hacterio 7) or recruit cellular factqrs a _NA polymerase
Va0, RS T AT R AU T e B oty strong
promoters UhO@180 PieyoMoteYorndy a5, Aiatorermioge [eithes o ngttGevere Pregolaimit.eWinducible

or repressipie)a ndiigibie.aleqeents are INAsHaUeNgR SIS WRICH ActAR CoRIMAGLQN Wit
promoters and_bind either repressors lgeﬁ%. lacO/LAC ﬁg&apressor systemin E, coilz or inducers (e.g.
e o

gall/GAL4 TRAGEEFSY R téhn 995y SELHTR Bitel 84 S8 SHANSCHRGH AL RANY "SRR S G RiP 1% promoter

is repressddoortinidisc 6d cdf) wibidbnpoit s ArEGNiptid rfaguwenédorns' Primer (Gribskov, M. and
Devereux, J., eds.) Stockton Press, New York (1991), Preferred methods to determine identity are
designed to give the best match between the sequences tested. Methods to determine identity and
similarity are codified in publicly available computer programs. Sequence alignments and percent
identity calculations may be performed using the Megalign program of the LASERGENE
bioinformatics computing suite (DNASTAR Inc., Madison, WI). Multiple alignments of the
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[00131] Examples of constitutive promoters include the int promoter of bac eriophage "t" the bla
promoter of the p-lactamase gene sequence of pBR322, the CAT promoter of the chloramphenicol
acetyl transferase gene sequence of pPR325, and the like. Examples of inducible prokaryotic
promoters include the major right and left promoters of bacteriophage (P.sub.L and P.sub.R), the trp,
reca, lacZ. AraC and gal promoters of E. coli, the a-amylase (Ulmanen Ett at., J. Bacterial. 162:176-
182, 1985 kaqnedrike msigiopd8sspetifit: ptionibiess odtBdsiflatiisn{Gil iiEge et ahd SenaSBGuence 32:11-
20(1954), i promelersssf e hesiaroniages.l @agiis@pezan dny Thrdjecular Biology of the

Bacilli, Academic Press, Inc., NY (1982)), Streptamyces promoters (Ward et at., Mol. Gen. Genet.

203:468478ENOBEY HAY thriamke Rt S Ppiores Yomeprb ot e s sty B Shick (J.
Microtiot. 1d728211887); Cehatipmpoy(Rioshimiewss sabehA60Mean) santEBattesman (Ann Rev.

Genet. 18:415-4 984).,[00132] Preferred eulgaryotic promoters include, but are not limited to, the
following: tﬁ@}éﬁ%&g}@# tHE egﬁseéna? Stafid %ﬁeﬁ%ﬁrsgtgr%ysceo(ﬁnd’élﬁ%eﬁ é%ﬁ%%ﬁoﬁf’,aff Mot. Appl.
Gen. 1:273288p11082) vt TCiprenbiey girderpied virusiiMokhightsColl 3e@68:865:5882); the SV40

early promgigr(Bengist et almdiature. (hendon)220:304u310 4980 1the.veesigal geneseduence
promoter (Johnston egtsal., Proc, Na%ﬁdAcad. Sci. L?%A) ;5697%?697%%882)' Silver egtgal., Proc. Natl.

Acad. Sci. {PEAFSTI588YI8§8<S RYgRY L ERITSHSHB R r‘?rﬂgéa’@%qﬁ%?ﬁiﬂtg??]@%ﬁﬁ&ﬁi@-responsive
promoter(s9,0.tetratiyclinesrasponsiveédirGimbletisantVih SIS TE RIS AN, Proiitie¢slfahuise dh, the
present invenfign;aje sslegied sueh hat o ate dunelonal i oell b Godiesanimalerplant info

which they are beiré%int{oduced. [00133] Selection markers are valuable elements in expression
vectors- asthey Provide Himbs fens-Eafdtis RAPETRRtH T AR iEoe TRt RALEO BFRS vector. Such

markers arensify éweotypas idried fesisianoetanchatesoltrapitie adhigslisgvit sistandentackeasfemnables cells to
detoxify an,exogenansii,added:duig hatwauldahenyisail the celh AurolioRhicmarkers allow cells
to synthesize an essential component (usually an amino acid) while grown in media that lacks that

essential CBIFPGREME TOTAH A TR P s Sbicttishrhr ke Jetdhe seitge theaelfsr ipiiimahice to
antibiotics E@'@i‘l@? ?}l&iﬁ%%ﬂ‘%@%smmrb@!%w@& RHRRICIYENmAygEomycin,
e

neomycin. Zeocin. TM., and the like. Selectable auxotrophic genes include, for example, hisD, that

allows groﬁﬁ%ﬂ%ﬁ%ﬂ‘?ﬂ@%g‘?ﬁ@%ﬂﬁi%ﬂﬁ@%%@é%ﬁﬁ%%lFﬁ‘f’)ﬁi’3§ﬁ‘?&eﬁf}f’ﬂq&gé}ﬂ8$§ﬁ?useful in
an expressigatadectdariscalndon gimognepgation. tReph catiomyrignglaressimitieé D bbAssegnments that

contain mulfiple shortepealad SEOMRNESS I0akALE &%&q&é&&%@m&{'mﬁg&arégéaamtgaiag proteins

and that play a Key role in assémbling DNA replication enzymes at the origin site. Suitable origins of
replication T G B AESIBIFVECIBRE MiptsyErRisrbRfetind BNEgR e scomrlifredsifirg origin, 2n
and ARS (batiradafishéd yeastsystemadnsil S E BitiorR (usefphifvinaimirialiam systems), and the

like, [00136] ERitone tads are S0kt RERIMS 78 %@81%%&1@%@&5%?9&9{%%f%&?%ﬁ%%@ﬁ? 3pggific
antibodies. A fusion protein comprising a recombinant protein and an epitope tag c nnt])e Simply and
easily puriffS8ressing Rarea BB BEGR Aiteralchifs iratsarapryiesiic Teiopbesai & bettfslkpitope tag
furthermorgrllgwrdhaitacamphinas pealrinHiader delesifd dmsvhseguant asraysagushiasdVestern

blots, withqut having to produce an.antibod cific far the recombinant protein itself. Examples of
commony (RS bTa e e e U Bt A A ferar AR B AP
peptide Pheuripy-¢figemtsderhviedchnntiyifaih et ofrragricqusaceriafiikpation is available.

The invention

[00115] The present invention provides compositions and methods for obtaining site-specific
recombination in eukaryotic cells. More specifically, the invention employs prokaryotic
recombinases, such as bacteriophage recombinases, that are unidirectional in that they can catalyze
recombination between two complementary recombination sites, but cannot catalyze recombination
between the hybrid sites that are formed by this recombination. The inventor has identified novel
recombinases that each directs recombination only between a bacterial attachment site (a#B) and a
phage attachment site (a#/P). The recombinase cannot mediate recombination between the affL and

atfR hybrid sites that are formed upon recombination between a#fB and a#fP. Because recombinases
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[00137] A further useful element in an expression vector is a multiple cloning site or po ylinker.
Synthetic DNA encoding a series of restriction endonuclease recognition sites is inserted into a
plasmid vector, for example, downstream of the promoter element. These sites are engineered for
convenient cloning of DNA into the vector at a specific position. [00138] The foregoing elements can
be combined to produce expression vectors suitable for use in the methods of the invention. Those of
skill in the af.waiid e able iRralastanicenbinrdhegeramsauiiable-tabised teibparticular
system in view of the teachi of the present specification. Suitable prokaryotic vectors include
plasmids suclsggoﬁ%gésggfjggfeseoﬁtt?'eepﬁéngﬁaﬂﬁ% I?.lécmat oé:S 8?(%1&%%? ggﬁgfg’fn&%ﬁ% 0 rﬁlé)glibl
PACYC 18#citviXinPRSETepBnDdepiitesgencanietineslc aneh s the-like)r SdchRplastifits are

disclosed by sanmireekdsh-iMolesuial GlonRingiRe3¥ sb abaratormManuabyseeosndiedition: edited by
Sambrook, Fritsch, & Mﬁniatis, Colrcti Spriqgelgarbor Lg‘}i%?r%g‘or s 1989)). Bacillus plasmids ipclude
pC194, p023 T BB VR HE R ARG A1 GTSEIESSr By Ve A i THE MofeCtiar BiddGY of the
Bacilli, AcademirerRrigsssINY (1982), pp. 307-329). Suitable Streptomyces plasmids include plil01

(Kendal et gl § Pacterel 05410 1:4183,4987). A1 SUeRiapYses haglsigplages such as (Ca1

(Chater et nternational Symposium on Actinomyc Biology, Akaderniai Kaido,

Budapest, Hitatgaepi(aosey s apsepieisrhsnad asihds aréle vrewesingohn et al. (Rev.
Infect. Dis, 86934, T886kcanthizaltil IaiaksBactariahids éaRAAB: 948 {AQL3%ESuitable
eukaryotic plasmids include, for example, BPV, EBV, vaccinia, SV4Q, 2-micron circle, pcDNA3.1,
CDNA S LS DR B S o BB RS R G U B ARE RnArsy S e ke, of their
derivatives nSubtr plasenielsanrsayeds Raghahthp ecepmpBotisiei Y GteakmNad thoverenBymhen 19:265-274,

1982; BroaghadhmedhadViolaguiak: Binlaay.of thaexardst maeshal emyeesbldia fa yela-and inheritance”,
Cold Spring Harbor L%boratogg. Cold Sggir]g,Harbor N.Y., p: 45:470, 1981; Broach, Cell 28;203-204,

1982 Dilon BFEFIE ERR° BSHASASH BREST ST 3o e  HaBY Msniats; TAe CRABISgyeRon of
Comprehersivemetktisentiols 81 GenaidutoerteExprabsipicAchdenmioPressaiNieiydps $63-608,1980.
The targetiwﬁgmrmmmig%pﬁ&emmm wilizing methodalegiesGIQNVII in the

art of molecular biology (see, for example, Ausubel or Ma iatigg in view of the teachings of the

specificatiof* AL GE&EAD %‘Ef\si%feﬁ%%fa%iﬁﬁ%gﬂgﬁf&g 4re S SEHBTE A B YR G 3t a suitable
vector backbonbizmirgctivibination atiachivenksitelpdlmmuctectideseneotiny sequentes diinterest
operably linked tq a promoter of interest; and, optionally a sequence encoding a positive selection
marker. [00[40 A preferred method of obtaining polynucleotides, including suitable regulatory

sequences [BH.1 PrdirorsesyispigRitaenarhlisioes dlsecks fort R Aresesgheipiaveiémindesie et al.,

FOR: A PRAGIIEAbARERQAG iR thires al-paxforeh dAnhéatsi S iestand D9 Redsanditions for

each application i;eaction may bebempirigauy determined. A rpumbehr f parameters jnflue1 ce the
sites, For exam%e I6e mation between sites that are in the qara el or direct onant tion wi . .
success of d reaction:. ong’these parameters are annealing temperature and time, extension time,

Mg2+ and AARretncenlirationisior ofan PidArdlstive toweantratioandfipttinerisiclenapl sites dmd

deoxyribonyglequides Aftasamplificationdheresulling: rraments.cR0 heAalseiad byRgarose gel
electrophoresis followed by visualization with ethidium bromide staining and ultraviglet illumination.

[00141] The SRp5TER8I0Re agsEREs Rty etiig dth Srdete! Ve LBTa saLBrfisinATa &S 4lf e tn that the
recombinasecading seqiencessbidhetiprdsentenf/entibitioar BetdoonfadatedzimtoditytsndCdahppnents of

such kits capdnclyd, L a1 AOLImiECkion Soptelnn s d0SUetigns, SAtaRtURIdipRgsables,

and hardware. Methods [00142] The present invention relates to a method for site-specific
recombinatitifi CothiRa g PRty L MSHreLsmininatioh Site SemesdcarprtiseBoRbm St site;

contacting thesfifisthand seganflvolves the placement of a promoter between the recombination attachment
sites. If the promoter is initially in the opposite orientation relative to a coding sequence that is to be
expressed by the promoter and the recombination sites that flank the promoter are in the inverted
orientation, contacting the recombination attachment sites will result in inversion of the promoter,
thus placing the promoter in the correct orientation to drive expression of the coding sequence.
Similarly, if the promoter is initially in the correct orientation for expression and the recombination
attachment sites are in the same orientation, contacting the recombination attachment sites with the
recombinase can result in excision of the promoter fragment, thus stopping expression of the coding

sequernce.
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recombination sites with a prokaryotic recombinase polypeptide, resulting in recombination between
the recombination sites, wherein the recombinase polypeptide can mediate recombination between the
first and second recombination sites, the first recombination site is attP or attB, the second
recombination site is attB or atiP, and the recombinase is selected from the group consisting of a List
eria monocytogenes phage recombinase, a Streptococcus pyo genes phage recombinase, a Bacillus

subtilis phagg {¢8pMRiINASEE Y ARAEIBHUR D EIcHISIS HERER FREARRIRES ARt ¥¥sbacterium

snzegmatis phage recornbina.se, provided that when_ the first recombination attachment site is attB,
the second IECSAMITatioReStEEPREBIE St s SOPL AAtPH M RETiFEe FeRBAAH AR T HRECHTEN site is
attP, t_he se@ﬂ@dwﬁﬁﬂﬁm@aﬂmﬁ@wﬂblmemﬁi&ehﬁ @Be{ﬁ@i%};wefmetbmﬁﬁnfoth@iﬂré%nt_
invention pﬁ%&!9&5%%&%6%@%’1{%9{‘]@% %gﬁ@ﬁ%ﬁ'&%&&&&%}lﬁ?&ﬁe!”tﬁ%o% gsillmhosg.genome is to be

modified. A preferred embodiment of the present invention relates to a’method for obtaining
site-specifidfeEBiRMiNanLH P s etikRa Mt eerOE15riSePisvamey e ki ry sl BEeiPERRIEGhprises a
first recomhipationatiachmenhsite andampecard recambinationaliaciimentsiten contaetingrthe first
and second secombination atlachment,sites i a prkanglic recambinass polupentide, esuiting in
recombination between the recombination attachment sites, wherein the recombines poelypeptlde can
mediate recerpibhiaion Seahaer e ik g sdone thee sravattorh itrarasant sieds thife first

recombinatigi AEAchMEnkSiteois RnpRRoLLgaRaicde copshinaticnRttachmantsitaatiih a.a bacterial
genomic recomtgnationlgttachment site attB?), tlr}re second recombination attachment site is attB or
attP, and tHe TeCombines 1S selected Trom te Cg‘frosup consisting of a Listeria tnonocytogenes phage
recombineRedBteaptasoccus pyogenes phage recombinase, a Bacillus subtilis phage recombinase, a

Mycobacteriygg {ybereUlosiHRNanG (GLamRINASG A0 Mé@%ﬂpﬁ%ﬁﬁi&[‘&aﬁ@ee%‘o%ﬁee hage

recombinase, provided that when the first recombination attachment site is attB, the second
recombinatfi§AastArfentcere e atip i e fife AheatmEtcrse i atsr HeshrhsicsnBigsar, the
second recembin@tienaitachmanisitedd raeptardanprefexag e nnbagipentihecreaphiniseds selected
from the group. consijsting of an Al IS recombinase..a 70.1 recombines, a SPf3c2 recombinase, a
(DRI recombinaae o B B P T T B s, B eeaito in
integration. T@rgerageirre hration et s e sel uHns proteinewrernaticcrs s Hegiraplegeoal for many
applicationsohissheaJusirRcompinationsieifanssitrsnraiicigeambioasads Raaresat a genomic
site, either gé a gandgrgyoglrna% a %)regle%%ér&i?n qéac%%)%.v QUQXS?&ESQ“ ththe cells are trarggfected with a
plasmid carry(}ngn%ﬁse gene of BNA ofinterést and the second recombmation site-and a Source for
recombinases@xpian siber plysnite cRNBle.AropEn S ihvipsRRs o Shvg aeodrinbin asdsy, tRewofriination
between thedfirsi.aneseeantbiecembipationsitesslieadsianteg RteR af Blpsmick PN ApteQlda] in
another embodiment the site-specific recombination results in a deletion or excision. The most
common ap 20 Resorrkimara farr SR St St TRt irsrien s aribhra e ined
developmeniadstagatll kepi¥iAdas peniedoyhrscsbete dayexcisedfromitbdshtomosapneseor episomal
DNA is flanked by tandem.(direct) repeats of first recambination and second recombination sites.
Recombina%%r\{%é%w&gﬁ %ﬁeglde él?gs% é%sgretcggf ee?n%%é%%% nmé}%égr)sgggm fﬁgnseea ecfc%r c%ﬂaeletion of the
DNA and gémepnasavaisnrieraistie rijistiragptedienty reidsnisiiastze dinshediare afeidion of a
tLanscriptioemﬁﬂ@@gshgﬁﬁlﬁﬁpmmé&egwgerafmm@mt;e,m@aﬁﬁ%&?&@ﬁhiﬁ%@ﬁ%ﬁﬁ&ereby Iinrlfing
the promoter element tp the open readipg frame of a tr nd activating gene expression. The
recombinas%'%%@’%gpéénégég ?J%iﬁ%’ég (%Jhgﬁﬁ%%e?%gr'?r@gc%?&romoter or by introducing a
recombinasi{Ekiit b Rsitugnivinateedipep{idel 45 dnchic adiditibaahesbodiraenibithsssitespediics
recombinaligg iesuls i Aninyerslon Racambiption.neheeafiiskand.aesand [Repmbinaygn sites

inserted into the same DNA molecu eﬁﬁ(mtramolecu ar recombination) in opposite orientations leads to

inversion ofitriBoRstervEHiRgoNA Seyrierisrhagimait Totrraspies firthier Ernipulinyesetidre

site-specifiatgeapninatitpesilitein R exe hangasod DNbertivsta hassatie RECePIRRIS eeated at a

location of ipterest in the chramos . casse 2t ins interest often a
ﬁon %1’15 g{%g oto é%% Iygge%bs%é%?ﬁ@e g%giﬁé%% 9 % N%? ? ahélg .

€ grou TS N
selectable marker gene flanked on either st recombi n site’(forrexamplé€, a econd,

an exchang® V&8 vhritainsgrdplatetient DNRIENSs Sette flale@esrciiemsigedsypimsers@@mbination
site (for exagapled ahisidoliedugad Jtersalisnalapgusith hel eambinase:-expReasierplasmid or
recombinase protein. )SS the I nation.recogniti ites leads to the
repIacemen%%%ﬁ%%%f@éﬂﬁvﬁéohﬁtrﬁﬁ%&gmﬁgmﬁgg%#?ﬁgf Zaar?%%gbka/?ﬁgé}?c'hange vector.
In another iRgtanews theféipsl heonsbirtatisn i e ko lattP nobtuiensidd sscombiamtivasiteniscter] 3. This

procedure is often called reeombinase-mediated cassette exchange.
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[00147] In an additional embodiment, the site-specific recombination results in chromosomal
translocations. For chromosomal translocation, a first recombination site is introduced into a first
chromosome and second recombination site is introduced into a second chromosome. Supplying the
cells with a recombinase leads to translocation of the chromosomes. Translocations are generated
when recombination sites are targeted to non-homologous chromosomes. Depending on the relative
orientation of recomhinasesites; ecambinationdsagstontiansiacatinn angdigenitig.and acentric

chromosomes, When the recombination sites are oriented in the direction relative to their respective
centromerd&C NI At A GGF b e r & BB ATS &t AL st Eirseid AR, recombination
will result incas@Bitigsand dicentrie chromosomes. [00148] The present invention also comprises
reeombina Q;E%ﬂl ted DNA .insertion at pseudqg recombination attachment sjtes present in the
genome. Pﬁ e TSRS aéﬁrt%aec’lzngrrnogiﬁfegi gt%f@](éuléaﬁ%%?ﬁé; ?@%@ﬁ%ﬁﬁ%@% i¥ a native sequence
present on ttwemchinetivostmenttrstiee sitdispewifichiotom bidese Chnarycugrikarstivdisddordategrating of
plasmid DNA;cOMAIRIRG. {RGHEBER-RRC0Bd higRRIRIBAIAN.SHES: FORMMEHALINR AL RERUAGL
recombination site is often more frequent than the random integration. This is a gne step, process in

the sense tHaP e e o OB A R THIFS GRROR B RO AT S R AT Ph B BEASTAE ISP it step.
Integration aidpscunioisiiedibas applicatidnseiegbndiand cdlctherepy. :Rseudo i isca native
recombinatjon, site resent i 18- 98Narne Rl heembines Yk a0, file.ASRUAD.AYR is a native

recombination site present in the genome that recombines with attB site. Accordingly, the present
invention pFERABRE ST LRSS TEH GRS RITERY TR @B MITANIGH s BRI BB IR AL the
method compnisingicaielingha-alkanyiotiel Cetlithat @osipsisesyadiii-rencmbinatiooisie and a second
recombinatign g, spniapins, e fishand agcondesombinalion sis uiina Rrokanatic recombinase
polypeptide, Fesult ng In recombination between the recombination sites, wherein the recombinase
polypeptidePtdpriderhtes reesrhita e RBERY S e st ap e debeserreconimipabaAldhes, the first
recombinatiprisi¢edr adEmonati, theareetigearbieatnns e Ba psputenaiackipeantsite, and the
recombinasg, s selected from the oroup consisting, 05%%%%'6}?%0@“8‘% 1ogenes phage.recombinase,
a Streptococcus pyogenes phage recom%?nase, a Baci fus subl/i fé.p age recombinase, a
Mycobactedein ipdrcedbspoph afer recomBimssesirnth, Kigedtodeednn m Snegasass phage
recombinasggiesayihe-racombirase isispiecied dtanine.gu R sensisting:a Akl tat
recombinase, a SF370.1 recombinase, a SPpc2.recornbinase, a cliRvl recombinase, and a Bxbl
recombinas IO AR S8R e G et FRABLS 1 Dtay e iyotic cel
having a stablyriregfiate &h pdig- aubidoticissstqmsabingse gerstlioutodneptisiig: tatssdhicing a
polynueleotige:{ptaeicaryolc celhiiatcomnrisesa fistueermbination aliBLRs:&itgiwherein the
polynucleotide comprises a nucleic acid s?e)‘%uence and a second recombinai'ion attP or att1-3 site, and

contacting tHeFFEEHR G Hh e WATS N QL STRBIN AR SRS SRESHIM A roR AR LS MTGTHEEE BEIDPeptide,
wherein themrgboinbinases potypebtide cansimhededtesitespdtificdéicoimbinatwifibetweepntinafirst and
second recorubination siies,ane theresombinass s selested fom ithe HOUR censistingaf L isteria

monocytogenes phage recombinase, a Streptococcus pyogenes pbage recombinase, a Bacillus
sub/ills phaffé RECHINBIREEEI 3yt HRRFitNG L RTCRAB LIS At T ettt ea&“ a8 d & My cobacterium
smegmatis pipdiges regnrinbmnass op ropdded-thatifichegmihpepiist s ecombiinatar-siterishatidpldhe second
recombinatipn, site. 5 alth, andwhen. e st racambination Sitgis gifythe second recombination site
is at/B. In another embodiment the method for obtaining a eulcaryotic Cell having a stably integrated
polynucleotl@ Extjuerod cinphisd dadmesehidiventiopolsrstiseticleatttdacatiitas yotioreelithat comprises

a first reCO%l@@ﬁ%@lﬁﬁ@%@@d@%@ﬁ@@@&éﬁﬁsiﬂé@erfﬁdféi%%i@@lm%'%’c@%@%@@%ﬂ@ﬁ%ﬁl@ucmic acid
sequence and a second recombination at%P or attB site, and _cantacting the first and the second

recombinatiSy SiteS WSS roR SR SHE PRASHBTHASE BB B &bt [ hetell tHar B2 Nibira¥epolypeptide
can mediatéxNespeSifiQ fetiimbindiQribaaenstie firstGarid, sépRuNocdbnBitationNGites, and the
recombinasgds §61esteq, TRy PeORSIRING AL A MRIGHAMBRNOCY IROERES ANREGR JGROMbINase. a

Streptococcus pyogenes phage recombinast, a Bacillus sub/ills phage recombinase, Mycobacteriunz

tuberculosiSTIHERE FETBTHBMARE S SHIF Aty cotaRctanitrichirug MagLPheRge iéropBRtEE: W preftied
embodiments, $iEr8editbiaaSEQ Ssile cte dSEQrint he g UEQARSIDING FE A NE tectindinase, a
SF370.1 recngigi’aS%Q 33%352 gﬁ&%@k&@%@aﬁdEﬂybfﬁ?ﬂ@%ase, and a Bxbl recombinase. [00150]
The present invention additionally comprises a method for obtaining site-specific recombination in a
eukaryotic cell, the method comprising: providing a eukaryotie cell that comprises a first recombination
site and a second recombination site with a polynucleotide sequence flanked by a third recombination
site and a fourth recombination site; contacting the fécombination sites with a prokaryotic recombinase
polypeptide, resulting in recombinati.on between the recombination sites, wherein the recombinase
poiypeptide can mediate recombination between the first and third recombination sites and the second
and fourth recombination sites, the first and second recombination sites are attP or attB, the third and

fourth recombination sites are atiB or attP, and the recombinase is selected from the group consisting
nf alictaria monnecvinnenee nhanme recomhinace a {treantococeciice nvonenece nhanme recomhbinace A




[00151] Another embodiment of the present invention provides for a method for the site-specific
integration of a polynucleotide of interest into the genome of a transgenic subject, wherein the genome
comprises a first recombination attB or attP site or pseudo attB or pseudo attP site, the method
comprising: introducing a nucleic acid that comprises the polynucleotide of interest and a second
recombination attP or attB site; contacting the first and the second recombination sites with a
prokaryotic recornbinase polypeptide, wherein the recombinase polypeptide can mediate site-specific
reeonibina%gtg_g/t(\f\é%gnu}pe first and second recombination sites, and the recombinase is selected from
the group CUrTssr'rrTg‘oL}a—Eisteria monocytogenes phage recombinase, a Streptococcus pyogenes
phage recdfiddk&ha Baditgssubtitis phagekeetmbinasentMysobacteraddizitubercidosisiphage
recombinage and:aMycohacieriumamnegmats Rhade-LecombinasteRiQudes il yhen e first
recombination site is attB or pseudo attB, the second recombination site is attP and when the first
recombinali®fi%ite is attP or pseudo attP, the second recombination site is at/B. Preferably the
recombinasg0is25 estad oM e o censising £f an AkbiBJacembinasg.gmbiadQidsecombinase,
a SPf3c2 rec mbin%se, a Og\ggr(ta[cqmekgmn se, and a gxtgi recom{girﬁ?}e. V}[CQOlSZ Another method of the
present inVBItion provides 1oroBtaining multipie ete-Speciic recompinations in & ukaryotic cell, the
method comimrisinte peovidinespissepebls ofifetei thatecomiprisies kefivstrefovnohoativnigitesitnd a second
recombinagQé‘a%l&@chi%&ﬁMiQt‘f&?QF@Hif}%ﬂ%&J@a@ﬁgeﬁr@%ﬁ@ﬁ%@%@@%@é@ BEnGANaeting the first
and second recombination sites with 9 first ro,lfryptlc reeombinase polypeptide, contacting the third
and fourth ?%%&H?BMM@R&@W& élétgﬁeﬁ% G ﬁﬁﬁgﬁgggﬁeﬁfﬁfﬂggg%m EpfEE PEsulting in
recombinatiomsietigen ¢thiéWwirshandsecond redeimpiidtiosegitds@anntigadmbicatibarddetweéen the third
and fourth jgeombination sitee: Whrieinthe lishracambinaaa PRIYRARIKS faBmadiRlefeqombination

between the first and second recombination sites and the second recombinase polypeptide can

mediate reBEIRETHEEIHD &t srrHE I aRPRilith recombination sites, the first and second

recombinageEcsetestesdrom thgog i aansistingaf-adk isteradirneeyiagenss phage recombinase,
a Streptococcus ﬁgo%enes h ombinasg, a Bacillus sub/his age recombinase, a
Oe ald v

age rec , C h ,
Mycobactefilifi 0 %?snﬁﬁg%%%g om ]Fn%iia%hs %Leél%% é’({: Ce??ﬁh% EYRSASBHESE recombinase,

tide se
rcufs
provided thatlyhectrdideedontdsintased polpoeptidendniel e 48t ondFetonmbinasepdlypegtide are different.

The methogd canyfithgreamnising.afifthitecopiination&ite At asixih-rarpmpbination site and a third
recombinase polypeptide, wherein the thir recombinagg&%g&eé)tide can mediate recombination

between tHEFHIPAREPR%Hh PEelR b SHRSheet SfRe P PR ESE S peptide is
different thavictneficsthac sedondrdootnbinases potipeptdes o[AGLE3) et e preséntasnelhtied further
relates to aseukaryglic,Cell AL LOMPBHRER, 3, IOXAYOIC SRERMBINASE.ROVARPIINE L1 USRI acid that

encodes a prokaryotic recombinase, wherein the recombinase can mediate Site-specific recombination

between a a8 SO GrP &Hlus AP A S BO8¥ I FUIRBI R YK ARE IR AT Ak S eros S 88  ubstrate for
recombinaﬁimmxiﬂmthenﬁrsMﬁm@miaimaﬁim@ﬁ@fzmemi_nd@ebfrrﬁer@miﬁbiﬁbeti@fhﬁitﬁdéiﬁttP, pseudo
attP, attB of.pseuda.aits, e seco JE?C%P{H%%&E'F&%@E%O%%%%Oa%gné‘%&ﬁ’m?ﬁ%%ﬁé%do attP, and

the recombinase is selected from tﬁ% %Q;)up consisting of a Listeria monocytogenes phage
recombinad&e R gpsRElde dEiRiPfErR ¢ Bh g ecrat tnmaLR s Bl ge s Ubtig3hhage recombinase,
a Mycobacietinmitkfarcuiasis phage: eegibisasesanehasMypceham kit SFIIQMALSHIRRGE, a
recombina%% %Eovi%e 1tlgglet w &tggo;‘ri}ri%t rseeco]gat%igagppe (;(j}l%lis ggtB, the second recombination site is
attP or pseud% aft When the Tirst recom IAton Site is pseu?:iao attB, the second recombination site is
attP when 09125t reqombiratendsitecisscedPiritiedsgoond nechnitinatietrsiads atBier pseudo attB,
and when the first r inagion, site is.p o atiP.the second inati ite is at/B. Preferably
the recombinase %é%)i%ycé%e!%?#omuthé groﬁﬁ%%%gs{éﬁ%g of an Alllé%%%%}r?llg%%%%%%t%%%?&l
recombina$€rissiestdlpapsksrita<Ess ORAIeEGH Biteser slkBeiBichl recombinase. Cells [00154]
Cells SUitat[@)fPISF%dJQEé’c%@ Sprioyingdbe metbeds.ahthe inventioninclege hethhprakanyptic cells

and eukaryotic cells. Prokaryotic cells adrc cells that lack a defined nucleus. Examples of suitable

prokaryotic (e TERIEE BETERar R Ry OTHS FABICRAL AR EAFE 8k SEasri SRt B aifcularly
preferred phekappetic vetsofibluiédiipgdetitatarepugedtd: citterin-veirious typesof, testigysiems
(discussed A‘ihx%?_%%ﬁeﬁl@é?éh*%%@}{"éf%ﬁﬁ&%%&,hﬂi%%ﬁ%ﬁéﬁ@é&&@@ée%‘ spenasKiehsiella (wince
(ethanol productian), Clostriditen acetobutylicum (butanol production), and the like (see Gréen and
Bennet, Bi 1]I%“'ioengineering 58:215-221, 1998; Ingram, et al, Biotech & Bioengineering
58:204-206, 1998). Suitable eulcaryotic cells include both animal cells (such as from insect, rodent,
cow, goat, rabbit, sheep, non-human primate, human, and the like) and plant cells (such as rice, corn,
cotton, tobacco, tomato, potato, and the like). Cell t%es applicable to particular purposes are
discussed in greater detail below. [00155] Yet another embodiment of the invention comprises isolated
genetically engineered cells. Suitable cells may be prokaryotic or eukars,Totic, as discussed above.
The genetically engineered cells of the invention may be unicellular organisms or may be derived from

multicellular organisms. By "isolated" in reference to genetically engineered cells derived from
miilticelliilar oraaniceme it ic meant the calle are niiteide a linvvina body whethar nlant or animal and in




[00157] The genetically engineered cells of the invention can be employed in a variety of ways.
Unicellular organisms can be modified to produce commercially valuable substances such as
recombinant proteins, industrial solvents, industrially useful enzymes, and the like. Preferred
unicellular organisms include fungi such as yeast (for example, S. pombe, Fichte pastoris, S.
cerevisiae (such as ENScl), and the like) Aspergillis, and the like, and bacteria such as Klebsiella,

Streptomyqpe1 307 he.like [A0KGAkSelatad pells.ram mubieslular.iaaniams sar hersimilaly useful,

including insect cells, mammalian cells and plant cells. Mammalian cells that ma{ be useful include

those derivEBY 87} TBERIFREPITHRIRY dRERIERIRE R RFRS B inddbe T ARRSIET B RS X 0) cells,
HelLa cells winchiseandevitbbstemocibls, Brclhdnomantawcstrame] oealis;scelisiofiibrobfastiofigin such as

VERO, 373,05 GHQKL MK 223 668050668150 MmRh! 90‘8&9!% %ﬁ%ﬁﬂ%ﬁ%@ GEHSLaneNRerr

derivatives. [00159] In addition, plant cells, such as tobacco BY Is, are also available as hosts, and
control secRREHEEEE o FHETISNE WA PRIM PN ar epleialiRst BIRCH IS tHbeddnfomesitiogsieirus 358

and 198, neRatiecsysihaIaNpr pohaterasnm, p{@dyadlemylaﬁ@ﬁoﬁimairseﬁqmees;lﬁmkﬂaaﬁke. Apprqpriate
transgenic plant, cells %196%&ﬁ%%&ﬁ%&%%%ﬁéﬁ%ﬂ% e RNt {00460] ﬁ%&?&'&?r '%gﬁ%ééed host is an
insect cell, for example from the Drosop(hla arvae. Using insect cells as hosts, the Drosophila alcohol
dehydrogeragi@ppniptisr elamaes sl FrUBIRe SeishER4craBTBIsaiqaigdy mudiaakvey
baculovirusMastessas e engnesie ko SrAress] igeramernts pepitesnaesadRy a desired
nucleic aciq,seqguence in insect cells (Jasny, Science 238:1653, 1987): Miller et al., In: Genetic
Engineerin(gjhﬁgg%?o?gtlsoevr\xejﬁ fné é\lﬁfgeo sésﬁl%%ﬁa?n?r lgfélg,o %%Prﬁ?%?é%.gfd%‘i%&rfxflﬁeeagenetically
engineeredessiicditiderivapmeniaenderticrienhresEiuPascadiscb s federfordBbdtanbeseapable of

modulatingthe@ativitycafie preteinerreeded 9 spndiaiRic A 6id, frageniinf inerasty Eiys: an additional

embodiment of the invention comprises methods of screening comprising contacting genetically
. TOmOoLers. . . . o .
englneereopce $°0f the invention with a test substance and monitoring the cells for a change in cell

phenotype |66l F0plteratian neslbdifferentiationienzymatitvactivignafahe (psieinasithe interaction
between thg rgg%iln a@rgd&,%%tg}r% etglitggin% arfner th e prot irﬂ. hen.com argd to fest cells not
contacted with the %st substance. [OOf%Z]}QA vaﬁxee&eo%teg? sﬁ%sl%ér?gelg cah be evaluated using the

genetically BAghEe @6 bElsBriierisrrticn iReRitng aptiaws: protairsEadidotiediRstiatolecular

weight orgaRric/GAmPRUNES syadiral et utisidrrived, frattinlaxamplelfungabar phanieells, and the
like. By "low molecular weight argani gpr@&gur&%‘%& is rp?ant a,,cherg]io%al species with a molecular

weight of ggﬁg}gﬁgfferggr?ﬁsan Bd0-1600" Sotirces 6 flélé%réju Ogtgnguégseare well 'mown to those of skill in

the art. [00163131dribuspissafcoetinsts poupleying ot shatet atsote blmowriobyathoseskilled in the art.
They include, for example, ys for enzymatic agtivity (Wikthy et al, U. S, Pat, No. 5,763,198, iSsued
Jun. 9, 193‘%? acgg%(i/?ﬁo? bﬁ%ﬁ% o% aq[ees‘% se%%sta?]ce to a Sro%grlr? lg%)rgs%% et?)%dt e %%%%%ally
engineerecPeMsirarséay e Raneranqueris o nBRACtvat dif bka fepomer genéucde téaikei]00164] Cells
modified bytheseethedsohthapresentiaveniamern bepmaingingdeader snelikions, tnakfor
example, (i) ke m alive but do not prgmote growth, (ii mote growth of the cells, and/or (iii)
cause the ggﬁ%i%%ji e?gﬁﬂgl%‘ ! e e%ﬁ%?é%?%%’. 1%?eciil a?ﬂ%%e@%%ﬁ%%ﬁ %};ep' t§%°|ce§1?y égrﬁééive for the
action of thé8PedB¥hbinddee aheSeibscilietrseryrice giihtivhiibf thdramtisiey. diatreseeeontitidse may also
be modulateg} oy syl greRBARS (O L rRISING QT IDWEHRgIhe emperatuis . whishiibe gells are
cultured). oL B e e e S SR B SIS I S SONMRNS RIS Mol Gen.

Genet. 203:468-478, 1986), and the like. Exemplary prokaryotic promoters are reviewed by Glick (J.

Ind. Microtiot. 1:277-282, 1987); Cenatiempo (Biochimie 68: 505-516, 1986); and Gottesman (Anm.

Rev. Genet. 18:415-442, 1984).

[00132] Preferred eukaryotic promoters include, but are not limited to, the following: the promoter
of the mouse metallothionein I gene sequence (Hamer et al., J. Mol. Appl. Gen, 1:273-288, 1982); the
TK promoter of Herpes virus (McKnight, Cell 31:355-365, 1982); the SV40 early promoter (Benoist
et al., Nature (London) 290:304-310, 1981); the yeast gall gene sequence promoter (Johnston et al.,
Proc. Natl. Acad. Sci. (USA) 79:6971-6975, 1982); Silver et al., Proc. Natl. Acad. Sci. (USA)
81:5951-59S8, 1984), the CMV promoter, the EF-1 promoter, ecdysone-responsive promoter(s),
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Imown in the art. Transgenic Plants and Non-Human Animals [00165] In another embodiment, the
present invention comprises transge ic plants and nonhuman transgenic animals whose genomes
have been modified by employing the methods and compositions of the invention. Transgenic animals
may be produced employing the methods of the present invention to serve as a model system for the
study of various disorders and for screening of drugs that modulate such disorders. [00166] A
"transgenietplatiierrapimsal ¢efersoter, agiehetival Fremgingereti@tanfoonenintal pesaif sprintpof

genetically, anglnserslnan by Aimals. & ianpastieiankaranimal sV saralng material from at

least one unrelated organism, such as, from a virus. The term "animal” as used in the context of
transgenicbél%ﬁm?ﬁeans all species except human. It also includes an individual animal in all

stages of dayeipmept:inciidiog snbnanicrRgfelakslagssn FaimaRimaIs RS «GhiskeRns. pigs,
goats, sheep, cows, horses, rabbits and the like), rodents\fgﬁ%ch S miceégand domgrstic pets (e.g., cats

and dogs) SR GERSEN AT RS S e B FR PSR Tt SR T S5 B Yo P& B8 8iment, the
animal is asignse ordavaiirfpL6 7] dhertemarntehmrkrichplentdisdnifetaki’y asexbponvefdy ¢ddpfants or

animals in yhich, the Reteralogows aengiis foubsh At thwhich 186 baterplogaus oaneisgxpressed in

some but not all cells of the plant or animal. 1001681 The term transgenic animal also includes a germ
cell line trafiPSHORTETAMTHARY. 28 “HERACRIMIHE FANSRR &iidicHSs Bt EahfeaRIATET in which the

genetic infogoainrepravided Ly teninventioss methrd.basheendaleoun:andiiasaiparated into a germ
line cell, therefo{e conferrilnl%t[ge abilitX ﬁﬂ]transfer the informﬁltion to offspring, if such cﬁ\%pring, in fact,

possess séif 1%}1%“@0]@ fhatirrstmaton; then-t né’y%“%@%%%a%&%ﬁ%na%l%n §?{gﬁofél§ ethods of

generatingetraiisdiniSqhteinbicantbbipihia sresarichow forrexhemet kisld danabevismerith coiikiation with the

teachings gf.the-present aprlicationsf@Rdi 0] In one embodiment, a transgenic animal of the present
invention is produced by introducing into a single cell embryo a nucleic acid construct, comprising a

first recomHiHAd6h Asite BeABRe S FelO I BRARG RN 4SBEST eI IbIRlrsH St BliFriWithin the
genome ofdifiene rgamisinom vdaisthihecedniwasmdeieshantnuciemacid fiagreesighinterest, in a
manner such that the nucleic. acid fragment .of interest is stably integrated.into the DNA of germ line
Coll of the e P e e T RS i ment. the
nucleic aciepfragpdmicotigtesdst euitrbe aimpe Ae oligiEoRAgriesin qeaesbar prevcmslyyalternatively,

the nucleic,aeid sRAMSACE FLITICEER!IGRQRACAEE 21, X0 aRRAUSIPEadUGhthakdintupts, or interferes with
expression of an endo%ef@geg%y producT:d protein of ﬂl%r%ﬁé yielding a transgenic animal with

decreased expressiolt (BB e, an

[00136] Epitope tags are short peptide sequences that are recognized by epitope specific antibodies.
A fusion protein comprising a recombinant protein and an epitope tag can be simply and easily
purified using an antibody bound to a chromatography resin. The presence of the epitope tag
furthermore allows the recombinant protein to be detected in subsequent assays, such as Western
blots, without having to produce an antibody specific for the recombinant protein itself. Examples of
commonly used epitope tags include V3, glutathione-S-transferase (GST), hemaglutinin (HA), the
peptide Phe-His-His-Thr-Thr, chitin binding domain, and the like.

[00137] A further useful element in an expression vector is a multiple cloning site or polylinker.
Synthetic DNA encoding a series of restriction endonuclease recognition sites is inserted into a
plasmid vector, for example, downstream of the promoter element. These sites are engineered for
convenient cloning of DNA into the vector at a specific position.

[00138] The foregoing elements can be combined to produce expression vectors suitable for use in
the methods of the invention. Those of skill in the art would be able to select and combine the
elements suitable for use in their particular system in view of the teachings of the present
specification. Suitable prokaryotic vectors include plasmids such as those capable of replication in £.
coli (for example, pBR322, ColE1, pSC101, PACYC 184, itVX, PRSET, pBAD (Invitrogen,
Carlsbad, Calif)) and the like). Such plasmids are disclosed by Sambrook (cf. "Molecular Cloning: A
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[00171] A variety of methods are available for the production of transgenic: animals. A nucleic acid
construct of die invention can be injected into the pronucleus, or cytoplasm, of a fertilized egg before
fusion of the male and female pronuclei, or injected into the nucleus of an embryonic cell (e.g., the
nucleus of a two-cell enibryo) following the initiation of cell division (Brinster, et al., Proc. Nat. Acad.
Sci. USA 82: 4438, 1985). Embryos can be infected with viruses, especially retroviruses, modified with
an attD retomebingtibhamsitk’ ardal pditlieiccditid 'setpranesk ofritidydsMatigisallobbbpfingirioe treated with
a site-spegific.racompiRase s Aessrbed ahave opomers: intearationel the Miclrigiagidegequence of

interest into the genome. [00172 éﬂway of example only, to prepare a transgenic mouse, female
ar,

mice are iRAGEEFD &ddrddel @%ﬂﬁ&“&ﬁ&ﬁ@é}d%ﬂfiﬁ%,Pfﬁ%%f]é%é}g?ér@’s%&.]rﬁi%%d by CO2
asphyxiatisuiteblecSrdeahgigiqiatais anduéapbitgo& arénllecalveidthdtaml eidiged’oMigh) ¢B8 7punounding
cumulus cgll; re remoy, P lear r en wasl . star, ntil. the time of injection.
RandomIy%%%r;éygean&ﬁcé?ﬁg%%%%%%?ﬁp%ﬁg%t g@?éf&%?ﬁi%%%%n@llﬁa gggﬁ&%ﬁ?f%nm ales are
mated at thetBametirte Bislasnsirdamin Saidmbyrisactdiiagetidpdte med Sufi AR drraptocedure for
generating tianggenic:lais-stsiniactaltirsolmisenSarsbiarmess el ald @ell 63:1099c4:kb2, 1990).
Rodents sy%téa}%%f rfBE} sgenic experiments can be obtained from standard commercial sources such
as Charles River ég\’/i mington, Mass.), Taconic (Germantown, N.Y.), Harlan Sprague Dawley

{ Qdiapqulﬂlﬂllﬂiﬂl)&ﬁt@l@(ﬂﬂk&@ﬁﬁh@mﬂtﬁdﬂnés for axmmhum{mmﬁmmmarﬂmmwmd fo r
mlcromJec&Qﬁeg %gqt}%ﬁg ﬂﬁ?@é}]ﬁﬂﬁ&%‘@ﬁs&)’@@%%‘%@ﬂ ﬁBWM ordinary skill in the

!
art (Hogan, et a{)., supra). Microinjection procedures for fish, am|r3ﬁiﬁ§iy'3g1é eggs and birds are detailed in
HoudebinéBAHERHO e iep@riRritidcs 2ETF- 008D Rharidsainarhioeaandeemt (Rtshiiction of DNA
into tissueSI_.of\/amimwlﬁtraE@ﬂ@swibwzimLJﬁzmablohﬁ,‘%ﬂé m(&c(ﬁﬂrmmgiyeﬁ"a{e, Yedst30, 1990).
[00174] T%‘é%%ﬁ%&%é@!‘fé‘@%‘?ﬁé sleMEsInderved é{;‘%ﬁ%‘ﬁ%ﬂQPE&b%?%lq’{‘c‘y‘?‘é%é%é@% embryo and

stabilized In culture’can be manipulated in culture toincérporate nucleic acid sequénces émploying

invention Methddd AR st moahihal ¢an b ftotiiéelinp fi dudh e sitmetlgRurbttiotfinto a
blastocyst4hatogiheninganted Figogfosesprikasamtalioywed o camestaiaiss HRdséolh Methods for
the culturi stem cells.and t production of transgenic animals, by the intrqduction of
R i e e e e B G S S
microinjectBiziipBstivioREts nTErB\ibakThtE sttt ulnBiteilecare alsorreAvalPRown to those of

ordinary skithimthigiateseemfarLxamuient esaiseaisinomasand Embey anie:Sten: celisuAsPractical
Approach, Ee aJ R%tl)%rlgson,e gd., IRL Pre§%1 198,{702. Reviews of staondatrd Iattb%ratorty. rocedures for
microinjechior S Retarologs U DRIRE MG Ha o ah & YRG G Ee Frg A B A &HESE Ysat, cow) fertilized
ova includeoMugsateeatncming pedetines tidnissiso Ebiyjk¢Cold Sprivtg BbtorRrass 1986);
Krimpenfog},gbaliy 190du-RiOLhesolony: @861 Rabmitenet al., 1985, Cell 41:343; Kraemer et al.,
Genetic Manigulation of the Early Manunalian Embryo (Cold Spring Harbor Laboratory Press 1985);

Hammer et®)140dgsrisrsiemahei of obipinfsnabrarciacides, tejedips suiihlq pgulaiwsspaieateal., U.S. Pat.
No. 5,175,385, ffsiopen e re. aliedd: 8 pRatdes HrPIR 38408 respretivesantentsrf which are
incorporat e The final phase.of the.procedure, is.tojnject targeted ES cells into
blastocystg%ggigf%rgggi {tc%gég’gs%c%setsg #1%{ g)srgut%geﬁ%le%%gﬁ% ?é%g@és?l gﬂflé%tl%ﬂ%%égrchimeric
animals are@reephsriithecetiopsy by enaiaty e delsynsengthe mushstiigaoisentifylivaivideals that cry the
transgene sResesuresdantteprodust on-ahaes e denth mammalsardL ek aninalshayve been
discussed %fthgr ,&ee Houc%ebin angéghogartroutbsug%afnPurisel,; et alt., Science 244:1281-1288,
1989; and Hs, ‘e aﬁ?rﬁ% echiio ’o%ly 17918316 3.1 nintals Caris gaf[?fea’f ansgene can be
identified ponathodsievtiidnddier imtiéication. e losulios uttiagiorSbudaerieblottgayose gel

electrophoresis followed by visualization with ethidium bromide staining and ultraviolet illumination.

[00141] The expression cassettes, targeting constructs, vectors, recombinases and recombinase-
coding sequences of the present invention can be formulated into kits. Components of such kits can
include, but are not limited to, containers, instructions, solutions, buffers, disposables, and hardware.

Methods

[00142] The present invention relates to a method for site-specific recombination comprising:

providing a first recombination site and a second recombination site; contacting the first and second

31




[001771 The tent' transgenic as used herein additionally includes any organism whose genomc has
been altered by in vitro manipulation of the early embryo or fertilized egg or by any transgenic
technology to induce a specific gene knockout. The term "gene knockout" as used herein, refers to the
targeted disruption of a gene in vivo with loss of function that has been achieved by use of the
invention vector. In one embodiment, transgenic animals having gene knockouts are those in which
the target gengnbas:Reensendereeonitiieionainay aoRsaitigrargal ad-tootisganeavwerendered
non-functional by targeting a pecudo-tecambinalion si Iacated, within.he aene ssausnce. cene

. t & 1 .
Thera 'V an 1Isoraers er empodimen € Invention comprises a met%od of treating

a disorder ificafistibbjebtenviTaeePobaten s ihe AEst fceprebanivodita érrdr che Heaeroat least one cell

or cell type(Qrissi8eelte)i Ohibasuhiestdhasracretaminaliensitechhis geliisddstsanséormed with a
nucleic acid construct (a "targﬁet'&p%% construct’) cog rgsing a second recombination sequence and one
or more poly/HRfEBIHEL BT SIERIN S e G BRI fs Same call s recommbinase is
introduced thizilspeeificatiyrecogniZdsthecteoonibhaationisepze neenbingered adiiorisgecimthat the
nucleic acid,sennence.of iBlerestis insriteddniodhe genyinRMAReseMRIatianAyapetyeen the
first and second recombination sites. Subjects treatable using the methods of the invention include
both humar& St FRSAIHATGH SRS SSUSH MethbaS il &'th e ParFatig TB SIS Shdf
recombinased ahtlsecpré sentmvanticitacdh? gjcAsvaditety of disorders may be treated by employing
the method invention including monogenic disorders, infectious, diseasgs, acquired disorders,
cancen, and DL e R e e B e e e e
familial-hyperchbieste rotentidl Fegsrogshiies ehedsivgifitomarpiiy i sehednprichdmisessaiscular
dystrophy, E386an RBeis. sickiares!banamicsi G aselirnsdisaastnvniaksyoss eane ot ritked SCUD,
and the like. Lg 180] | fecttlou 1ths%ases ,treat§blte t%ebrp{ﬂooyéinﬁt e mtethd of the gwention include
infection withVARSUE T5eS 6 Sfirud™iieliding Auman T-cell ymphotiopic Viris. influenza virus,
papilloma viegsnhiegititistetusnheipesnidntsg BpstesirrRBaesird sciphupcteficiéneyvitasedl{2-11V, and
the like), cyfomegaiovitiswand-thalike: Alsaringlided Arainiacisns withotbesRathegenic organisms

such as Mycobacterium Tuberculosis, Myco%asma pneumoniae, and the like or parasites such as
Eﬁ?fi

Plasmadiurf BERRSAHGHRS- SRR IR TIOTE] RIRPEHIT “4BQTTEH HEBPaBrqR B Adziitefers to a
noncongeniad sisordecoShchitisotaddrscar eitge tier filst comsideriaeh pierbnoonmiiek thdagnonogenic

disorders %E&W&%%Uiya%@h INAPRFARTIALS Apy M@Q@%'%@mﬂ;%m&meﬁ%%m&t%mples of

such disorders include peripheral artery disease, rheumatoid arthritis, coronary artg% disease, and the
like. [0018 24 E it g R DR i iTa AR RfE 18 HERRAIE By BRI MY ihtheet Tithe
invention intlugewatiasistiagnt e issintl nding:batbreopich gomorstandd) e Siatopaietic gagesss such as

leukerias gadymphamas, Seldiiumars hataveisaiable uikng s invention methgdinclude

carcinomas, sarcomas, osteomas, fibrosatcomas, chondrosarcomas, and the like. Specific cancers
include bre&SERIRASE, BEAARAIEEE It EEHCEs Bhp% STRabEsican dfsafecfcesisdiEhncer,
pancreatic caneeinostatalcante: gasipoieakRceaid Madaertaneatcktneyicanedr, deathantdeneck

cancer, and e ke, (00483 The, suabilty,of ihe.paricular lacs, i gename is depgndent in par
on the pal-Ocular disorder being treated. For'example, | the disorder Is a rnonogenic disorder and the

desired treafelenedscahodinaitds srenpisrapestiecticdien Beigamcoaite Abtmitited form of the
nucleic aciddharghtdo berthe causativasagenimb the.disardeh grsuitabieniiace mayhg a region of the

genome that does not encode ané, knmg{g rotein and whigh .allows for a reasonable expression level

of the addefFHIRIEIRECIA RTERERLSH en%ﬁ?fﬁ PR B BB S TR g dAHE SR hown in the
art and descrtresifsritte pindttiede gammil és-bielotesirable goal for many applications. First, a first

recombination site for a site-specific recombinase is inserted at a genomic site, either at 2 random or
at a predetermined location. Subsequently, the cells are transfected with a plasmid carrying the gene
or DNA of interest and the second recombination site and a source for recombinase (expression
plasmid, RNA, protein, or virus—expressing recombinase). Recombination between the first and

second recombination sites leads to integration of plasmid DNA.

[00144] In another embodiment the site-specific recombination results in a deletion or excision.

The most common application in mammalian genetics is the inactivation or activation at a defined
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[00184] The nucleic acid construct useful in this embodiment is additionally comprised of one or more
nucleic acid fragments of interest. Preferred nucleic acid fragments of interest for use in this
embodiment are therapeutic genes andior control regions, as previously defined. The choice of nucleic
acid sequence will depend on the nature of the disorder to be treated. For example, a nucleic acid
construct intended to treat hemophilia B, which is caused by a deficiency of coagulation factor DC,
may COMPHsRIgKEIRIGACIdTHagNAN: eacad Raatinclionakiactaca v buelaisAcidsepstiuat intended
to treat obstructive peripheral artgjlr,g cgseas? n}%}/ comprjse nucleic acid fra@}% entg; encoding proteins
that stimul XS BRSSPSR BIEH TRsas & i B R A T DS SR BB SR al growth
factor, platBtet:deinaigct Hroveth facties arddhie likenditiosetd skithibithe krdsouldaeadifihecognize
which nuclgic,agid fEagmeRtse-NEmshyauld e yseiubin he freatmestohana teuladisprder.

[00185] The nucleic acid construct can_be administered to the subject being treated using.a variety of
methods. AGRSTHIIPAHGIPR SR BIEE IR RIS PERGITLAE §o9R) OB, ©f %W%ﬁ‘?%%@’ﬁ%ﬂ%g body of
an animal. tByprexoityeleibéstmoaantitratedily binargansargenradifiadiatitsidenetthedody Tach cells or
organs are lRIgAIeleE IR dNR A1 B6] Methads dardbe i argulig gdministration of
nucleic acid constructs are well knownin the art. Nucleic acid constructs'can be delivered with cationic
lipids (GodarH BesXPETEBERANGF 121 231-1236, 1997; Gorman, et al, Gene Therapy 4:983-992,

1997; Chaqlyiels piabn@eN8chNamithas irl4Re- 10 GRlheiR. L 3 (re B BREARINA:1289-1299,
1997; Gao, and ua,ng,BGﬁgneﬁeraé)g 2:710-722, 1995, all of which are incorg)orated by reference

herein), usﬁ]eé ATRHBBTE SHRH SECRT R PP AT o 87 S Bk S 4R °Blood
91:30-36, 12@8naltwiavtvicimbieiicbrpareistt byerdderencednéraimdision aptakotafvtnmkdNBNA", and the
like. Technigyes wel-known in the art for the transfecti on of cells (see discussion above) can be used
for the ex vivo administration of nucleic acid constructs. The exact formulation, route of administration
and dosagé083Aa)dren Bt isybadimmaivitrgipRysiisaechmbiayi Bresels ishekwgaridm{See e.g. Fingl
et al., 1975ig » chadRbasaacological Basin ol diher apeediasth e chpidnl0018 ¢hdi-shatdebe noted that
the attending physician would know how to and when.to terminate, interrupt, or adjust administration
e 0 oA DA e LR TR B A RE R dh o i, 2o o Imow
how to adjustorbarient to(ytrerdoatshi tivecolificalrebpenseciverenidtingitgbataqpredlading toxicity).
The magnitydeRfanadmnisigieres dose Rihamanagemantofibr, disorderkringdisadtegiwill vary with

the severity of the condition to be treated, l\%{ith tge route of administration,.and the like, The severity of

0]
the conditiGh AT rBl SSCAmpRE S h & BUAT TR SArt By SHAW AP Br g%‘%%%i%f%sé ft3n Hhethods.
Further, theiose remnprtiapscduséifregite fregswililal sp verpcat cbiidi Miltotteag éhefody weight, and
response of.thgindividvalRatient: AE8) R asperalAkigast:l H0Hahihacells tatgeted for genomic

modification should be modified in the treatment of a disorder. Thus, the method and route of
administrafSIRAPSIHA B8 @R8Se9910 THISHMP AT 85 ' 4™ o BiF ecedpgel o818 e ddministration,
In this wayrdtrenbinnsberdb@dmiisttatidnsgean be held to a minimum in order to increase the efficiency
and convenjenc the treatment, [00189] Depending.on the,specific conditions being treated, such
agents ma@@é@fﬂ{ﬂjﬁ%ﬁg %ﬁn ?ae r%?r%&%nr% es;%sgtg efcé?l)r/e%or 8%%9??&%&%1%&?8? or}nulation and
administrationsteerjidre. fBoremRemingisive: Mharfist cstehisbiosde & intgdoced ukp aditsMack
Publishing Ga,mBRsiomPa.cnuitablatpuiasmayiinetidenrsl rectal anasemrabwaginglne

transmucosal, or.intestinal admijni arente}r Iiverg, inclydi g%intgamuscular, %utgcutaneous,
ntFaVERSsE St 4peritoneal,

istration; | d in
ntrame i AT R LB (AR RRAP G TP AR L
intranasal, whéntraocilsatinjetions, tiusttd inameaenfengof (1 90pPhes Ubjeetbainyg theatedwill
additionally,he admipisteresaLecombingseiihasskesticalysrssaognizestheifitsh andsgcond

recombination sequences that are selected for use. The Earticular recombinase can be administered

by includin§™ 5 HEtEIEs a Y B RO R TR TS A RUEMSE B LBrERtEaEY Sl Brstrcii be taken up
by the cellswihoserge ramsiecisita beumodifiededMathodsasityaatespfatkninstagdton will be similar to
those descrihedahove ok AdminisUatan.of aiarggtingeRR{Ect comprising a recombination

sequence and nucleic acid sequence of interest. The recombinase protein is likely to only be required
for a limited YE4Sd Bhaiprrseforiineageatitsn whiprserueterobieit-sedinadddNut intetiosteiTharddore,' if
intrg_dU_ced é%?%]ﬁ%gmt&l@a%ﬁ_ %&%@&Stﬂ@syﬁﬁmﬁ&g&mm meuegq‘émg%aﬁflg@%m gkipaguences
mediating prolon retention. For example, conventjon san cays rapidly in most
mammaliaﬁ{‘ééﬁ?%%%gor% BTS84 %%g?ﬁglﬁe 56 “é"é’%%%% Wi Weg%%t(;& 5>§é‘r3ésggf"§rglysequences that
limit its expressibnafcrexangpie; znd wvdicibliegprom ofetacmid BiNdsediagonhtie fasombsiease expression
can be temporally regulated by limited exposure to the inducing agent. One such exemplary group of
promoters is eedysone-responsive promoters, the @)%pression of which can be regulated using
ecdysteroids or other non-steroidal agonists. Another group of promoters are tetracycline-responsive
promoters, the expression of which can be regulated using tetracycline or doxycycline.




EXAMPLES GENERAL METHODS [00191] Standard recombinant DNA and molecular cloning
techniques used herein are well known in the art and are described by Sambrook, L, Fritsch, E. F. and
Maniatis, T. Molecular Cloning: A Laboratoiy Manual; Cold Spring Harbor Laboratory Press: Cold
Spring Harbor, N.Y. (1989) and by T. J. Silhavy, M. L. Bennan, and L. W. Enquist, Experiments with
Gene Fusions, Cold Spring Elarbor Laboratory, Cold Spring Harbor, N.Y. (1984), and by Ausubel, F.
M. et al., CusentbResiocols.inTMotecitizivBiolegyicGresieniRishlislaiing Aasaae drd il @y iterscience,
New York, % (98 Materals ancbmeihedssutanie farihe.mARRIANGe ARd gqudh, of bacterial

cultures are well known in the art. Techniques suitable for use in the following examples may be found
as set out i PFILEELES. S B0 RBmAMSER ot dETo s8R ErE PERICHIASIEE FeNPRlITERPSB &R for
Microb@oIogyncWaShiﬁgﬁw_l})Eéﬁﬁo(&z%%k)a@faiﬁ@ﬁasﬂﬁbfﬁaﬁmﬁdﬁ&@meﬂlﬁgeyreéef[@mbmkeafdﬁdwstrial
Microbiology, 2ecpnd. EALION, HIPAUSLASSQCIAIRS. G eunderiand, Me%o%gég?-re’é" GRASIR
restriction enzymes and materials used for the growfh and maintenance 0 %ost ce?lgwere obtained
from New Efgfatiie Bistanaedethspiewminyrvitoren Cofpcragdind Canshaincry-ssyiitagene
Corporation:teaniaiifioe ) RramegacEotporation (Masisen YW dikCodabaratorigs (eireit MI), or
SigmajAIdri%quhemi al &;om tggxd(St. Logis M(E%z1 nless oth rwiseitgg%ci{ie% 00](192] Manipulations

. rst recombinatio secqnd recombrhation Fl €: con aﬁtmcﬁ rstand § can
of genetic sequences and alignment and comparison o pdlynuc e € and peptide seguences can be

accomplisheeershiptihe sigite i8f prodwarticavednbiasr oy hatidegesGes poreionGarsisatcs€ A (Vector
Nn softwareqyersian:gHoRXNAS AR NG rebbamisaR W IBINA STAR Salwasengisin &b Genetics

Computer Groyp Inc., Madjson, WI éWiscions Package Version 9.0). [00193] The meaning of
abbroviation S LRy SRR RP B %"Héﬁ?isg A ﬁ%?grauﬁ‘él?%?&ﬁfﬁé%; R BRH S Billliliter(s), "L”
means liter(s)xdmbitiative aitsismiorordo kirscmMt site andthitlivnolenate g 'seeaddmartbggam(s), "ug" means
microgram(Qly, foehe e FHIBEA B er/s FRERIS AHGRIRE L5AIRNOSINEDyJecRERRshYmMINne or

thymidine, "G" means guanine or guanosine, "C" means cytidine or cytosine, "nt" means nucleotide(s),
"aa" means BRIAEE ARG hE" THELH S Hae S B K R IB LSy 5P 8 ans Icilo, "u”
means micrmc'&fhmmPhMyaibm@ﬁum beegm&ﬁabhagemsrﬁtmaeiarﬂrmply'tkwcr'émebinaséirefly _
luciferase, 'Rbdia HeAN KERITEUGIIRIASE, 0 ot sgia.dedieen Calos. AL} Jbe following
examples demonstrate tha S|tpe-speC|f|c recombinase systems derlvede rom Bacillus subtilis
bacter@ophag@é@ﬁwzglaﬁﬂﬁébt@@@éb@ssb)ﬁ@éé@@H&é?éﬁéib??age SE370.1, Mycobacterium smegmatis
bacteriophaggyfpxb) hr-sieta meeRcyieasaes: hastelineaas A id-anc MysaRacIRf upberculosis

bacteriophage 1:iRvl function in eukaryotic cells. These examples are offered to illustrate, but not to

limit the preSERBIHERHEHPERANASE 1B SIER TSI PRIRPS FS SR B E eI R R e VB INASE
GENES ANT eukNRAMOOE ClHpAR R EGOMBHINATIO MABSSAY REASMEDS. {00108 After analyzing

the published tsralue, and sequeqces.axalable. . Genbank.numsiaus sie-anedilisgorbinases

e
were selected and assayed for DNA integration, excision, inversion, and replacement in-mammalian
and plant cefi&st FHdheifrrRIbraepebiari et for iargecknaoss s bBesRpIREsEd oV BErHd Bamily (Smith,
M. C. and Hrdvbmbiepgc20fepridivarsitydia:tRRespanaceconhinasesstivieh ticrebiad. s464:d99-307) were
obtained from GebrllB%nk ?tgg reyerse trans ated tﬁ DN&,O%Q}%e tge sources of re ol@%inases were from

I
. I‘CC({III on s e{ecom la’lﬁg]e lﬁ cte Up consis 11’1'% of'a LS . .
bacteria or bacterial viruses, we optimize e sequenceTor recompinase expression in

mammalian ‘Betiecwitreses Baantyivrgrthiesssn e Starioapimoraesd se nire cecorhngferraBonibre surdlly
synthesizedjisiRgdNecRERNS 18LMEhIeME LINPaRANEROUSLEMALE SR BREWIgANVenient

restriction enzyme sites for cloning. In addjtion, region very high (>80%).or very low (<30%) GC
o ot e B e T e R S et R R M HE o Y ESHATD ch mctin

oreover, during
sequence motitsibierecaviidedfdoptimizdRINA stbilityetiedsiransidiche second recombination site

is atfB. In another embodiment the method for obtaining a eukaryotic cell having a stably integrated
polynucleotide sequence comprises: introducing a polynucleotide mto a eukaryotic cell that
comprises a first recombination pseudo attachment site, wherein the polynucleotide comprises a
nucleic acid sequence and a second recombination affP or at/B site, and contacting the first and the
second recombination sites with a prokaryotic recombinase polypeptide, wherein the recombinase
polypeptide can mediate site-specific recombination between the first and second recombination
sites, and the recombinase is selected from the group consisting of a Listeria monocytogenes phage

recombinase, a Streprococcus pyogenes phage recombinase, a Bacillus subtilis phage recombinase, a
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- internal TATA-boxes, chi-sites and ribosomal entry sites - AT-rich or GC-rich sequence stretches -
repeat sequences and RNA secondary structures - (cryptic) splice donor and acceptor sites, branch
points poly(A) sites The codon and RNA optimization resulted in difference of 20-30% of sequence
between native (i.e., DNA sequence available at Genbank) and synthetic genes. The synthetic genes
encoding the recombinases were cloned into mammalian and E. colt expression plasmid pDual
obtained fropStiatageneseonperasioge(tsacdittysChd aatplogdt 24 a0hyplhiabiexpression vector
directs expression.of heleipladeus aanss InRolhumammalian and Rekavels ells. s g, constitutive
expression In mamma lah cells the vector contains the promoter/enhancer o fhe human
cytomegaldvif8s@nbineinmethale exayijere. aHbrerombinase Hhd isehaasatate Bitdue Earn
1104 | restyickipnigngyme site present between the CMV promoter and SV40 terininator sequence.
While synthesizin? the gene sequences we added Lam 1104 | restriction enzyme recognition site at

the beginnit 158IcTeetrresfiETBHEHGH RoRES) FE SRR GRBr e ShAEsit T&e5%f the gene to
facilitate digestiommith ikasnidhdd enzymedsdind claminggl theisameesitayotihe:p Dualdptassid. The
cloning of synthetic genes, sequencing of clones ta.confirm.the ence after cloning into pDual
veoctor wer o e e R SR e et
1989. Molexihiat Ctomrpptian siroraderip WA neramesitos Him gortartiesr hyesenbinrli Svitag "Faror, NY).
The descriptina-abRxpsessiandiospysiais givendrlasonshoRhciRaeaars kibasekxpragsion Plasmid:

A synthetic DNA sequence. (SEQ ID : 1) codon optimized. for animal.cell expressipn and encoding
the site-spéﬁlé i DNAFecomBin Qs}%eg ¢ 63? ac] u%rsgﬁ nélflnslaﬁ %B%n@ﬁiéfeééiéq@ﬂ%: 2, Genbank
accession #PeRTBsLqzgsavitihy seonbustérvbircerralh npO90siNg dhe dligtansbgaenoecofiieaBucillus

subtilis tempgrate hacterophage:MisioRigIeaY-dABH0BR 8 d) WasElenaeinte pRYaLS¥RIgsSION vector

at Earn 1104 | redsgicti n site followin ti}e Brocedures recommended b Strataagg,ne (La Jolla, CA).
selected from the group cons1st1n%o a Listeria monocytogenes phage recombinase, & Streptococcus

pyogenes phage recombinase, a Bacillus subtilis phage recombinase, a Mycobacterium tuberculosis
phage recombinase and a Mycobacterium smegmatis phage recombinase, provided that when the first
and second recombination attachment sites are ai/B, the third and fourth recombination attachment
sites are q#P, and when the first and second recombination attachment sites are a#/P, the third and
fourth recombination attachment sites are a#/B. Preferably the recombinase is selected from the
group consisting of an A118 recombinase, a SF370.1 recombinase, a SPPc2 recombinase, a pRv1

recombinase, and a Bxbl recombinase.

[00151] Another embodiment of the present invention provides for a method for the site-specific
integration of a polynucleotide of inierest into the genome of a transgenic subject, wherein the
genome comprises a first recombination a#fB or a#P site or pseudo a#fB or pseudo aifP site, the

" method comprising: introducing a nucleic acid that comprises the polynucleotide of interest and a
second recombination atfP or a#fB site; contacting the first and the second recombination sites with a
prokaryotic recombinase polypeptide, wherein the recombinase polypeptide can mediate site-specific
recombination between the first and second recombination sites, and the recombinase is selected from
the group consisting of a Listeria monocytogenes phage recombinase, a Streptococcus pyogenes
phage recombinase, a Bacillus subtilis phage recombinase, a Mycobacterium tuberculosis phage
recombinase and a Mycobacterium smegmatis phage recombinase, provided that when the first
recombination site is a#/B or pseudo a#fB, the second recombination site is a#/P and when the first
recombination site is a#fP or pseudo atP, the second recombination site is a#/B. Preferably the
recombinase is selected from the group consisting of an A118 recombinase, 2 SF370.1 recombinase, a

SPfec2 recombinase, a ¢Rv1 recombinase, and a Bxb1 recombinase.
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1.2SF370.1 Recombinase Expression Plasmid: A synthetic DNA sequence (SEQ ID NO: 3) codon
optimized for animal cell expression and encoding the putative recombinase of Streptococcus
pyogenes bacteriophage SF370.1 (SEQ ID NO: 4, Genbank accession #T12765, Canchaya, C., F.
Desiere, et al. 2002, Genome analysis of an inducible prophage and prophaae remnants integrated in
the Streptococcus pyogenes strain SE370. Virology 302:245-58) was cloned into pnual expression

vector at Eqrp 1034, [GRITIGHAR SURolipwingthe procediisshespmmendad By; Biigtagene (La Jolla,
CA). 1.3Bxbl Recombinase Expression Plasmid: A synthetic DNA sequence (SEQ ID NO: 5) codon

optimized fEFaRRAeRIRR SHEETRIF S5t BRESHAG MR Rsive FdHABHASE T 9 BBbacterium
smegmatis dagiesie piageBodii(SiQ 42 M2 &cGdnbant actessionvihAAGE9%s0bMetavika, J., S.

Jain, etal. 2ch%o%%?9300%19%%&&090@%@a@ﬁ;araaatgg&gm&%ﬂaﬁg%rmmgﬁaEﬁs@J Mal.

Microbiol, 38 was cloned into pbual expression vector at Earn 11041 restriction site following
the procedW@Eﬁé@é‘rﬁ‘?ﬁ@ﬁ*ﬂéﬁWweﬁ)é‘t(’ﬁ%ngéh%‘h@%nqfﬂb&ﬁ‘fS“Pé%@B?’HBﬁ%%"Eﬁtﬂ'ess|on

Plasmid: A syshaefiakbisessiaad SiRdRMdN st agdoropiimized femasimalelkexpession and
encoding the putative recomb ase fLste monocytogenes bacteriophage A118 NO: 8,
Genbank accelgsrfé)lglﬁtyi’f&ﬁ%g olélgé?llér eeﬁlt %glﬁnrﬁgon &etrg 0%186 ogtnefalé%%rﬁ%c%otlde

sequence, iﬁf@*lé@@t&blﬁﬁﬁl?@i@&ﬁd@@%ﬁﬂ@%ﬂﬁéﬂf@@ﬁ%@?ﬁ@pﬁ%ﬁg@%&@@%ﬁ@@ﬁ@m&ﬂom

monocytog @R&%’nﬁ@ﬁliQ&Bﬁ@&é@ﬁ@iﬁ@@%&y@yﬁma{a{edm@ﬁ@b&ﬂbiﬁ&;@@ﬂeﬂ&kﬁ\@é tiengd into pDual
expression ye or at arn 1104 I IrafotiE'Ct'O S|tef Iow&q the s reconunended %/glﬂéatagene

(La Jolla, C ec%)nr% N Igces xprressgllloneﬁ?as i Iéasﬁt etseeﬁ §81q%e Cep(ggzas

a Lzsterza monocytogenes phage recombinase, a Streptococcus pyogenes phage recombinase, a
Bacillus subtilis phage recombinase, a Mycobacterium tuberculosis phage recombinase and a
Mycobacterium smegmatis phage recombinase, provided that the first recombinase polypeptide and
the second recombinase polypeptide are different. The method can further comprising a fifth
recombination site and a sixth recombination site and a third recombinase polypeptide, wherein the
third recombinase polypeptide can mediate recombination between the fifth and sixth recombination
sites, provided that the third recombinase polypeptide is different than the first and second

recombinase polypeptides.

[00153] The present invention further relates to a eukaryotic cell that comprises a prokaryotic
recombinase polypeptide or a nucleic acid that encodes a prokaryotic recombinase, wherein _the
recombinase can mediate site-specific recombination between a first recombination site and a second
recombination site that can serve as a substrate for recombination with the first recombination site,
wherein the first recombination site is a#P, pseudo atfP, attB or pseudo a#B, the second
recombination site is ai/B, pseudo attB, attP or pseudo atP, and the recombinase is selected from the
group consisting of a Listeria monocytogenes phage recombinase, a Streptococcus pyogenes phage
recombinase, a Bacillus subtilis phage recombinase, a Mycobacterium tuberculosis phage
recombinase and a Mycobacterium smegmatis phage recombinase, provided that when the first
recombination site is a#/B, the second recombination site is attP or pseudo a#P, when the first
recombination site is pseudo a#/B, the second recombination site is a#fP, when the first recombination
site is atfP, the second recombination site is a#/B or pseudo a#/B, and when the first recombination
site is pseudo affP, the second recombination site is a#tB. Preferably the recombinase is selected
from the group consisting of an A118 recombinase, a SF370.1 recombinase, a SPBe2 recombinase, a
dRv1 recombinase, and a Bxb1 recombinase.

Cellg
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codon optimized for animal cell expression and encoding the putative recombinase of and
Mycobacterium tuberculosis bacteriophage OPRY1 (SEQ ID NO: 10, Genbank accession #CAB09083,
Bibb, L. A. and G. F. Hatfull 2002, Integration and excision of the Mycobacterium tuberculosis
prophage-like element, phiRyl. Mol. Microbiol. 45:1515-26) was cloned into pDual expression vector at
ham 1104 | restriction site following the procedures recommended by Stratagene (La Jolla, CA). 1.6Al

18 Recombypgssy P ladiis Exnigs siomiiasmich Ansivpthetic BNAGRRAURNERASEIRN Qi) codon
optimized for animal cell expression and encoding the utati\é%recom iggéeg}% Listeria

monocytogBITEE ¥RHERSHS BRLEE X T Wiis SR B heE S R F R IPRL & IS AB358 between
the cassavassiplenobaiicapieopmitey NOS temmimktorcsegletiseridertiagalers! B 4nA aidochkdesithl. 1998,

Functional Qéﬁ@rﬂmm@rgigl;@eﬁ@é;@a@y@&@ IDRSAGUIHSLGEY YA REFMOIRE: flantMal pBigk
37:1055-67). pILTAB {Ejlasmld DNA was obtained from Donald Danforth Center for Plant Research, St.

Louis, MO. &/ ¥sme tHRas s sy d5 AT D Rsre Beidi 15 aemsi B AP 8IS except that
the CMV pxietoigiang Sy dhiacnindtotivwgrélvepléice davithodzsam@uiainl prodaitopyombier and 358

terminator, fgeRectYelyaslan.ang canauclion.ebin amalesuiorsseqmblnclion Arsan pasiics

100196] Intramolecular recombination assay plasmids were constructed using the plasmid gwWizTM

AMOIeCUl; 1y P , . .
Luc (Gene Fierapseayststd-26n BidyoSeiabie TR nEe st Bshids Suth Az ol dsigkaidom E. coll
and expresses: g bRieRSe GrN e 6bnslitdhvedy-iomnthe G Wuprematehwien ndraehicenkinto
mammalian cells. The vector also contains unigue, Sal 0 striction.sites between the Civ1V
oromotor AL B e e e B e PR R S g -
| were creapdtPpips asetirit A BlEATIclEslilgBetween the Sal | and Not | sites. Oligonucleotides

containing gﬁ)@ﬁf]’ SRl TRCamRInASE: sraavingpakipRd-Araddanking festichion i were

synthesized, annealed, and inserted between the Sal and Apa | sites. Similarly, oligonueleotides

containing tHe N dEquamee RiTe SHE At atire B HrasRFA 1o i b BTG el A emsg i cells
transcriptionfihetmingdionag b SThiel isé uencensas R6G Be dmitifi dédiframiipleabiatchpd8as0? @enbank

accession #;L1p1 223 Pé‘f%%%@éiQ)eie&e?gaﬁ%%&@%&k%ﬁ?&ﬁ%ﬁ%ﬁ?&%#@ﬁuﬁiB‘?ia:nE%"{%%” attP and atB

sites. The final construct had the attP and attl3 sequences placed between the CMV promoter
and luciferd8e*gidhrecslds arawiting Eigine brarndphesritatWotidnekprd &R aitdiciseyarnaresly after the
deletion of $HQR sefuentadletaisecasnbipation betweenditthancealdBesitas hbendestrption of
intramoleculrrggtcombination assay plasmids is given below. 1.7SPf3c2 Intramolecular Recombination
Assay Plasmid: A 99 bp synthetic oligonucleotide sequence containing the attP site of SPEc2
recombinad@ @S Ivi@niddinzt 286 tspeSROP mBursedcelSE Qe Dvi@od 2)ntainday 96l tBynthetic

oligonuclecfidle. segiange coRtaining tbeiattBisite. (B MR NI 3} LESRESZ fecqmbinase were

cloned in that order between the CMV promoter and luciferase gene of gWizTM Luc plasmidi.
recognizes recombination sequences is introduced into genetically engineered cells containing one of

the nucleic acid constructs of the invention under conditions such that the nucleic acid sequence(s) of
interest will be inserted into the genome. Thus, the genetically engineered cells possess a modified
genome. Methods of introducing such a recombinase are well known in the art and are discussed
above,

[00157] The genetically engineered cells of the invention can be employed in a variety of ways.
Unicellular organisms can be modified to produce commercially valuable substances such as
recombinant proteins, industrial solvents, industrially useful enzymes, and the like, Preferred
unicellular organisms include fungi such as yeast (for example, S. pombe, Pichia pastoris, S.
cerevisiae (such as INVSe1), and the like) dspergillis, and the like, and bacteria such as Klebsiella,
Streptomyces, and the like.

[00158] Isolated cells from multicellular organisms can be similarly useful, including insect cells,
mammalian cells and plant cells. Mammalian cells that may be useful include those derived from

rodents, primates and the like. They include Chinese Hamster Ovary (CHO) cells, HeLa cells, mouse
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1.88E370.1 Intramolecular Recombination Assay Plasmid: A 99 bp synthetic oligonucleotide sequence
containing the attP site of SF370.1 recombinase (SEQ ID NO: 14), a 1296 bp STOP sequence (SEQ
ID NO: 12), and a 96 bp synthetic oligonucleotide sequence containing the attF3 site (SEQ ID NO: 15)
of SF370.1 recombinase were cloned in that order between the CIVIV promoter and luciferase gene of
gWizTM Luc plasmid. 1.9Bxbi Intramolecular Recombination Assay Plasmid: A 52 bp synthetic
oligonuelegtidg aegwem@cmiﬁﬂiﬂﬂgvthemu?csng cﬁlleﬂBﬂrdiﬁeamhgnmel(sﬁ@RD ND: d6), a 1296 bp
STOP seq ( b etic tide s containing the
attB site (S %@% ﬁg{@i% erﬁegcogm an‘% w re c‘{lone %i:s%%%e{rgg%tc\%%%%gt]%ge CMV promoter
and luciferEH¥ §2hi ecﬂchmzliﬂ_aQBSpmsmdt@aimﬁchmwama{bcliarlﬂmma!@rwmmhy Plasmich

A 99 bp synthetic oliagnusleqiide seauenss contaRingtthe AlB.sie.AtALSitasrmbinase (SEQ ID NO:
18), a 1296 bp STOng?éuence (SEQ ID NO: 12% and a 96 bp synthetic O|I§1ﬁ nueleolide sequence

containing tHe HREIEREPEES HISREET i%pé%}f&iefg PRE PSR SRR EHETR TOHETHT tREPERIS between the
CMV prometesgandiucifeiasegensadfitqWidlne eesgiaispiohi<l . 11 (1)Ryl hitrarnolecular Recombination

Assay Pla et oI| emucleo t| uence.con the attP Slt f4.12.y1
recomblnaiﬂuﬁgég\fﬁq%bxgh % u§% qé,equenc E?f)%% Pﬁ% ang" nﬁp synthetic
oligormcledtide @éﬁ@eh@@dbﬂ&@ﬁ@@ﬂhélmml éﬁbY(ile@aﬁ@m@OMP@ﬂ(ﬁlWﬁéb@n%lme were

cloned in thag.preier petwern the.hvivipromateranddusiiarass-aansRbay\iipask ugplasmid. 1.12A118
Intramolecular Recfomblnatlonffgag (Iii’lant Pla§m|d élA‘ 99 bp nthetlc ﬂll%onuclgotlde
v 2 de eic acid s e asny,

amounts of peptide enco sired nuc equence 1 insect ¢ clence

238:1653, 1987); Miller et al., In: Genetic Engineering (1986), Setlow, J. K., et al., eds., Plenum,
Vol. §, pp. 277-297).

[00161] The genetically engineered cells of the invention are additionally useful as tools to screen
for substances capable of modulating the activity of a protein encoded by a nucleic acid fragment of
interest. Thus, an additional embodiment of the invention comprises methods of screening
comprising contacting genetically engineered cells of the invention with a test substance and
monitoring the cells for a change in cell phenotype, cell proliferation, cell differentiation, enzymatic
activity of the protein or the interaction between the protein and a natural binding partner of the

protein when compared to test cells not contacted with the test substance.

[00162] A variety of test substances can be evaluated using the genetically engineered cells of the
nvention including peptides, proteins, antibodies, low molecular weight organic compounds, natural
products derived from, for example, fungal or plant cells, and the like. By "low molecular weight
organic compound" it is, meant a chemical species with a molecular weight of generally less than

500-1000. Sources of test substances are well known to those of skill in the art.

[00163] Various assay methods employing cells are also well known by those skilled in the art.
They include, for example, assays for enzymatic activity (Hirth, et al, U. S. Pat. No. 5,763,198, issued
Jun. 9, 1998), assays for binding of a test substance to a protein expressed by the genetically

engineered cells, assays for transcriptional activation of a reporter gene, and the like.

[00164] Cells modified by the methods of the present invention can be maintained under conditions
that, for example, (i) keep them alive but do not promote growth, (ii) promote growth of the cells,
and/or (iii) cause the cells to differentiate or dedifferentiate. Cell culture conditions are typically
permissive for the action of the recombinase in the cells, although regulation of the activity of the
recombinase may also be modulated by culture conditions (e.g., raising or lowering the temperature at

which the cells are cultured). For a given cell, cell-type, tissue, or organism, culture conditions are
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sequence containing the attP site of A118 recombinase (SEQ ID NO: 18), a 1296 bp STOP sequence
(SEQ ID NO: 12), a 96 bp synthetic oligonucleotide sequence containing the attB site (SEQ ID NO: 19)
of A118 recombinase, and luciferase gene were cloned in that order between the cassava vein mosaic
promoter and NOS terminator sequence of pILTA13358. EXAMPLE 2: TRANSIENT
INTRAMOLECULAR RECOMBINATION ASSAYS [00197] In order to determine the activity of the
recombinageswhn imteanalian and plant cells, a transient assay was developed. Briefly, the assay

consisted OIfoBE‘éHi% y?%trsea%grﬂgﬁnﬁ&gag%%gﬁo an expression plasmic’, making the corresponding

intranaolecular recombination assay plasmic’, introducing both plasinid DNAs into cells by transfection,
and assayitiffslibiferetber empydirecat tivityre e invedinbiompeisns Says tasrpitisscof rITBE@IMV
Promoter - ﬁﬁﬁ’geﬁ_gﬁhﬁ&t@hﬂgb‘%@%ﬁ@%ﬁ%m@éfﬁﬁﬁﬁfi@d Y @ﬂmx%@ﬁg E&Qﬁg&%&ﬂﬁ%ﬁd EhgpestiIRs S}ecrl] uence
is a transcription termination signal sequence, In the ahsence of recombination, expression of the
luciferase r¥pBFEY LI iQ%Pé%%‘ﬁ&é‘a“@??ﬁﬁgysbf @rﬁdz%%ﬁf (f%yB’r%g)@ﬁ’feB Ot%ggomﬁéeﬁ%moter and
reporter geineciReconsbiraticmivéthayennitfer ditRtadicb B sitaBsdudersaithéintrochicedf keegriibinase
results in dgletign.af,the:sk§R sequence and activation of reporter gene. This assay is sensitive and
robust because it is an OFF to ON format and the amount of luciferase reporter can be easily assayed
by detectinHefi Kt Birnereapyrianifsenisalinics (0 mesetieibr cTHecesd alptbentaimsigeaphically
depicted indrigh#e b Jransighi-iansiections anshlvciferaseassays D098 bells e maintained at

37C and 5% ¢.0 In DEM supblemented with 1036 fetal bovine semum.and 136 penicllinisyreptomycin
(obtained flom vl Pogen,aéar Spag, ) Gt in other media as indicated. Onthe a"yl/sél]s?tra%s ection,

cells were phatett of hiffescnin dembisydapaddirtgiereihe deliypdiasedncitissoal indiddearansfected with
intramol_eCLalélmﬁgﬂé?\lk%g&% &sig@xﬁa@mma@l%@lﬁammwg&_fiw@ag&ﬁgmmgﬁm@f@%gpmbina_se
expression plasmi usin |8]0) ectamine ' ccording to the manufacturers instructions
(retr oo S oA} DR e B SR RS A LR R BT FreSHn PSR M
from Promega,(MadigeadNtewas ooltréadsiébie th¢2agiwelly areansadeaoantirterefairedntrol to

normalize thedata. Fwenty-iouarfenty-gighihours after transfection (depending On the cell line),
media was discarded and cells were lysed with passive lysis buffer (Promega, Madison, WI). Extracts

were then 48840dY Tasigmirhimetteraseoresiny riptsnegalomansemnimndn ehithtéereader
equipped withisiea sl YnRxnheshnalagiene Ghadtibuyfhe Thaslaia shawnara Heaatios of
luciferase (Lyt%)ea agtl?éreapnillIaa]uciferase (R.Luc) activities, unless noted otherwise. Similar results were
observed when EGC activities (relative light units) were compared (data not shown). Since the number
of replicate 08 d 8 xperimentsnvanechiondifferéniconstracisdnicheeldipasthesiandagerarcei was used

to indicate {i %Ps%mea%ﬁla‘t‘aﬂéi%%Hsg%ngmﬁéﬁ{?WUM%&?&J@&%%&%Q@@%‘&QA? In human
HEK293 cells [00199] Cells (20,000 cells per well in a 96-well plate) were transfectéd with 25 ng of

intramolecUlaEREROMTINEAHGH S &S S5 4B ARG IRTEPOTRY, '8 2ges g it e syt te combinase
plasmid andtinegteatecfarizddtoutsidiedsvatedy sedavishidOiglih elpassue dysisdouffer aad 25 td

information, then they, too, are transgenic animals.

[00169] Methods of generating transgenic plants and animals are known in the art and can be used

in combination with the teachings of the present application.

[00170] In one embodiment, a transgenic animal of the present invention is produced by introducing
into a single cell embryo a nucleic acid construct, comprising a first recombination site capable of
recombining with a second recombination site found within the genome of the organism from which
the cell was derived and a nucleic acid fragment of interest, in a mamner such that the nucleic acid
fragment of interest is stably integrated into the DNA of germ line cells of the mature animal and is
inherited in normal Mendelian fashion. In this embodiment, the nucleic acid fragment of interest can
be any one of the fragment described previously. Alternatively, the nucleic acid sequence of interest
can encode an exogenous product that disrupts or interferes with expression of an endogenously
produced protein of interest, yielding a transgenic animal with decreased expression of the protein of

interest.
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extracts were assayed. Six to twenty replicate assays were performed, and ratios of Lue/RLuc (mean
values) tle- SE were plotted. The values shown above the bars in Figure 2 are fold inductions (ratio of
luciferase activity in the presence of reeombinase plasmid to the activity in the absence of
recombinase plasmid). 1002001 As shown in Figure 2, transfection of intramolecular recombination
assay plasmid alone showed no or very little lueiferase activity (given as ratio of Lue/12Luc).
Transfectiofpel Ngraasing areentaofAdd e ambiasa.exn essianplasmis (40420l 45ing) along
with A118 intramole% lar recombigg’gio.n.astgg% H;‘O)It%smid infreased the lucif rafs$ %g\g%.bsmilar results
were also oSSR SIFSFSH T CEP T 3Es° R BB P nE S PR s CIRARY Ihdicated that the
recombinades aref funotibrvaldiferEKkizo8:cellsr Finsted dombirasésineé ezl thieivedbmbiihtion between
their attP and.aliB sites A0 delpied:ine S OR saauenceRn dneinti@nircwal recambpination assay

plasmid and activated thg luciferase_gene expression. 2.2gransient Intramol?cular Recombination
Assay in mEGet RHFYSTENE TORING CBIRYES GO0 CRMEISE M MR N THE FERRAH Bt WESE transfected
with 25 ng efdditiehvate adanPecomibinaiiorsisssals plasiiscaind@ed®,02 5itarst5 g alltbm corresponding

recombinasg, gxpressigniRlasmid and ircybated for 24:0Qua Galls werehsaedwithia0.uhaf passive

lysis buffer and 25 Id extracts were assayed. Two to fourteen replicate assays were performed, and

ratios of LuheleitiAqithessHepan e &ytesset {Wio hp #5885 The values shown above the bars in Figure 3 are
fold inductique 129202} Ligue.Aslous, 1.0 phiaipad runtianaieatien At Mdk3d & with .
intramoleeular rec%mblg?tlo assay p %mr}gtealgln_ o ?L:%Q s\é\é%}% égg%%a?%gr%slgrhn%lé{i}gs gll(c)érZS,lor 75 rig)

|
. superovulaie. ier hemg a 1C4
of recomblnage ex aiIeSSIon p?a 1d. éo- ransfection of reeonmbinase pla nifratnoYecular

recombinatibsicasseayapfaenhitidnarersedtddim feriasbotstivily Avaroynidit Fonkigasiphes transfection of
cells with 25.pgBxbbiptramRlasHrgeambinationassaxplasmid and £atagief Bxbisegpmbinase

expression plasmid increased the luciferase activity 66-fold when compared with transfection with 25

ng Bxbl intrEYRdTE A8 PR AR AT S S AR B 4TS S AiPA PG B X BIR Pa At R A& dEeA 1 18,
SF370.1, SRiBegpansdent? fealdesinéréagedhitverie tiferasedaotnitali{f-ifhr erd)eshoviingethhat ttrese

recom binast‘?ﬁm?%&i%&t@ oakin MR AL TS:Colls.And At ecve 34 reeombiping Jhgi: attP and

attl3 sites. 2.3Transient intramolecular Recombination Assay in Chinese hamster ovary (CHO_) cells
[00203] CelféitabeSei0 eRIES PR PREITRTL 68 RrtPBiate) e e hAnS RBtBE At Hg Whifftramolecular
recombinatiomeasskiygplagitithaiod, 01:10), A2c@iciSanqatdive, b e Shahdifgracdmmbinase expression
plasmid anc{ﬂm&ﬁg&gﬁg ﬂ@gtggi@ours. Cells were lysed with 50 41 of passive lysis buffer and 25 pl
extracts were assayed. Two to eight replicate assays were perfoinied, and ratios of Luc/RLue (mean
values) SE 1{8de’ Bl Stted rTiseuvesl e snshipwetiab ol et rslena e yPigpr founzieeofaiRe tinel o EROHsIN00204] As

shown in Figiuredhtiensiection Lidntamplecuiats eeanmbination assay Rlasmithef k18, sf3/0.1, or
442V1 alone showed no or v ry Ii%tle ciferziise activitx. d%o- ransfegt'&on,wgh igl reasing amounts of
correspondecf&ﬂeE?,n%‘?ff% B AR 1 P TR FRSE B S S LTI RS i S

Ea5& the luciferase
activity. TheSevesultE:qledntyiirididatetd) thitothe PvombirdsesiaraEnhotional PNCH® teliss Phe

recombinasgs mediated dhe fecongbination Leinrendhaic At ang ads ftes and deleted the STOP
sequence on the intramolecular recombination assay plasmid and activated the luciferase gene
expression.[00174] Totipotent or pluripotent stem cells derived from the inner cell mass of the embryo and

stabilized in culture can be manipulated in culture to incorporate nucleic acid sequences employing
invention methods. A transgenic animal can be produced from such cells through injection into a

blastocyst that is then implanted into a foster mother and allowed to come to term.

[00175] Methods for the culturing of stem cells and the subsequent production of transgenic
animals by the introduction of DNA into stem cells using methods such as electroporation, calcium
phosphate/DNA precipitation, microinjection, liposome fusion, retroviral infection, and the like are
also are well known to those of ordinary skill in the art. See, for example, Teratocarcinomas and
Embryonic Stem Cells, A Practical Approach, E. I. Robertson, ed., IRL Press, 1987). Reviews of
standard laboratory procedures for microinjection of heterologous DNAs into mammalian (mouse,
pig, rabbit, sheep, goat, cow) fertilized ova include: Hogan et al., Manipulating the Mouse Embryo
(Cold Spring Harbor Press 1986); Krimpenfort et al., 1991, Bio/Technology 9:86; Palmiter et al.,
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2.4Transient Intramolecular Reconibination Assay in human HelLa cells [00205] Cells (15,000 cells
per well in a 96-well plate) were tansfected with 25 ng of intramolecuiar recombination assay plasmid
and 0, 10, 25, or 75 ng of the conosponding recombinase expression plasmid and incubated for 24
hours. Two to eight replicate assays were performed, and ratios of Lue/RLuc (mean values) SE were
plotted. The values shown above the bars in Figure 5 are fold inductions. [00206] As shown in Figure
5, transfecti®® oféhttdivSlctutarcret ebnbimatioMassalytptashilid Kk M8nsRE7 Grhbor (Y1 alone
showed "o NeRAtistler Weiterase-actvity), Gonransiaeth o withlaceasingmmeunts. ofkgrresponding

A118, 8E370.1, or (DRY] recombinase expressionglasmid increased the iuciferase activity. These
results shoWsdthat the $ec8AmmaEEs Brd Fahdfondl mReiS R TSt AanSignt théSmolecular

Recombinatjors A&k dy iksprtidenentsiy ofwitcb mra el fd20 74 Rimary bone marrow sternal cells

from rats w, -plated one day before the transfection at a_density 0f. 4000 cells/cm' and cultured in
mediom ool e R B At AR P BT lama. 1006
PBS, 1% PemwStrés tlooavsir ditpereitinrozand Soolengliveiresubiptorhpeancauifan ae bk wiske
transfeetedwithr2Raatiniamelesiulaseaemblnatienassay RIas Mg 306 O SRanbPGeor 200 ng of the
corresponding recombinase ?Iasmld and incubated fcfr A@]&gurs.cillzwe e lysed with 50 41 of
passive lystSBEEs ARt et R E P AL RATE] S TR B R 8¥ med, and
ratios of LugiRiseq heakbial aesySEwWwhr e plotheceT bievdloes s Aédvi? b bES theshamsldin Figure 6 are
fold induCti9%&99%@?&1%)9%&@%%dh@a@@@@g@.b@{mfsgwiﬁrgqnéﬁ%&gg&pégﬁkpm@aimrsg?w stomal

cells with intramolecular recombination assay plasrnid alone or along with increasing amounts (50,
100, or 2007 Y Bt RAPRIP TH S fedBHBIR LS ESpreutiah YRiRSid. Co-transfection of

intrarnolecyiyIrEoMbiRAemnaasay-plashlidandimeanbinRsR @uiessionplasnickinerrased the
luciferase %%%'X't}/t man .foldt.r For eé%%wl%léed étg%r)l?séfrl??fcgrgg rlﬁ%f' & Jlgtﬁlivzlég %2%% ngoyi%[(% Er_]cltra.molecular

recombination gsglgy asmid an ecombinasc expression mid mcreased the
luciferase detiviejoBOL-ifdltapiterriisraparen e itadfcietonerekaskeyt Ixlvishdtharsiol eciatato
recombinatigassay Riagid &HBsheSHPHBANBXRIof RERRRIRASES Kebd SonafFdd ByhisSBfEL, and (WV1

also increased the luciferase acti\{)ityé, Figfure 6) showing.that these r}%?c%‘nbinaseﬁl are functional in rat
CEHEE )

bone marrdth SPSMAr a1 SRE ARRE P GBI 6 ThE AR P AT B SHEE B BiPAnsient

ive atrecombining
IntramolectlartRestembation Resaydnoroutemébyahsteeriicelimgeted to the gene to be rendered

non-functional by targeting a pseudo-recombination site located within the gene sequence,

Gene Therapy and Disorders

[00178] A further embodiment of the invention comprises a method of treating a disorder in a
subject in need of such treatment. In one embodiment of the method, at least one cell or cell type (or
tissue, etc.) of the subject has a recombination site. This cell{s) is transformed with a nucleic acid
construct (a "targeting construct") comprising a second recombination sequence and one or more
polynucleotides of interest (typically a therapeutic gene). Into the same cell a recombinase is
introduced that specifically recognizes the recombination sequences under conditions such that the
nucleic acid sequence of interest is inserted into the genome via a recombination event between the
first and second recombination sites. Subjects treatable using the methods of the invention include
both humans and non-human animals. Such methods utilize the targeting constructs and
recombinases of the present invention.

[00179] A variety of disorders may be treated by employing the method of the invention including
monogenic disorders, infectious diseases, acquired disorders, cancer, and the like. Exemplary
monogenic disorders include ADA. deficiency, cystic fibrosis, familial-hypercholesterolemia,
hemophilia, chronic ganulomatous disease, Duchenne muscular dystrophy, Fanconi anemia, sickle-

cell anemia, Gaucher's disease, Hunter syndrome, X-linked SCID, and the like.
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1002091 Mouse neural stern C17.2 cells (nNSCs) were obtained from Dr. Evan Snyder of The
Burnham Research Institute, La Jolla, CA and maintained using the recommended protocol (Ryder,
E.F., E. Y. Snyder, et al. 1990. Establishment and characterization of multipotent neural cell lines
using retrovirus vector-mediated oncogene transfer. J. Neurobiol., 21:356-75). Cells were split one day
prior to transfection and plated in 48-well plates at a density of 120,000 eells per well. After oveinight
incubation [ 80lture: cmadiawassreplasr Gyt Refunihéreetoedinms Thasellsaleittantiected with
Song intrarnglecular recombinatio ) lasmid.alone ar along with.0, 2 04,01 200 ng of
recombina%vé%ngg?ﬁleEyﬁﬁ,& J&ﬁdl}ggaﬁ%snf%a%%%%n?g}e%%@ W%%rfo&%avm?ﬁé@ﬁg&?m%géc%gp&l ng to the
manufacturées. iresetidtiving (eueogen, Kparishd ver) iapwmsdaiipery aupresely Rehiha ileiferase
reporter plasaHd dRd2k-CMMinPrRoMega, iMadisDie: Wionas eanttansieaiegt{f bgmahsasandnternal
control to ri/%r’m Iizte .theld%ta. wo 1%2/8 qgggatrggsf%gtggndng:}% m di% vg%%idiss%a da%d and cells were
lysed with @8 %%%%iv‘é ff/%lfso tffe CaBromeaa,ufiﬁaéls’on, ?) KrActs (g% ul) were assayed for
luciferase BhdnRémiiddlamitarasadwilies using the Dual Luciferase Assay kit (Promega, Madison, WI)
on a plate ;eﬁaﬂsi]e%ﬂre&%d%amrgaggg?aa(@%a@é HEGRRA0gies nGRANMY. M- dhe gajp shown in

Figure 7 are the ratios of luciferase (Luc) and Ran illa luciferase (RLue) activities, and is the average
of 4 transfE&HEHET SrasErAIEeGH BIRFS FepPESdht S IRasFY et dcr o SfHAf 88 results
observed imiEK22% N 1Ewh3ES &M okelar antkranbornemareovt stanaceeits irasambinases A118,
5F370.1, SPfic,2, 4RV1, and Bxbl were functional in nINSCs and increased,the luciferase activity
(Figure 7).%%?%}%%13%%?(0%5%&? ?h%g?ggﬁ%bggﬁn%fﬁﬁ’tgofﬁgg%(gf,tef% 138155&8%33 %%er'ecombinase expression
plasmid wilBEth2dspontingintramaleaiiard dsonbiratthl ks aymiasmitie@etng) rddulted in higher
luciferase gefivitics antiRe-ald IDRLCINRR JARYEH KR fdsr3td nébigRnaie phiniramalgeular

Recombination Assay in tobacco BY2 cells [00211] Cell suspension cultures of Nicotialia tobacwn BY?2

were maintaHERas NS IHEERRT i oHE HaaksAh LaHEaRbitirEedte (iggten methed ReWidio, and S.
Hasezawact@9anbebacomB Yo2ecalslifierastiheBethcndibsarthecedhbibtdde of trgliecplemnds. Intl. Rev.

Cytol. 132,1:30) Fugtaplests, prepaier (9m A0ayald ayuies 1R esSpRgregn 0.4 M mannitol

and distributed into 35mm petri dishes in 1 ml, aliquots (-5x105 cells). Protoplasts were mixed with
plasrnid DRAEFEFEBEHIERHET SO B Y RS Fo PBEM SBRSHALINET f§ 4 EqtFate @68 lectroporation
system witbeRettipdser iedectrode (BTX, San Diego, CA, USA). The cells were transfected with 10 tcg

for the intr lecular recompbination test plasmid and 0 or 10.jig for the recombinase expression
olasmid. FATCHID 108 SHAH Ot STOR 51 DHb RS S MR GHFCHAL S50 [FRBIERE multore
medium (Waaretien¥ ibt eshicantly, i Okadecri987 2 infectfor distolracod throtopiaistsamitntn vitro

transcri be@é%aaﬁ‘&&!}ﬁ%%%i@xé{%bﬁtﬁ NA S %d%éé‘&ﬂ{@é’ gehslgetoperatienmeiiad M 919!%%
192:264-272)%allqu0tted as two 1 mL cultures, and incubated at 27C for 17 h. Protoplasts were lysed

by freeze tHARFiRG SR AHUIEOH Sr25H Ao 8xEERRRYEITBUREF (BR SRS SRRSO (P 0%A).
Twenty pi choglt exgractwwascassayediion Wiokerase ratvithusing Slualdveicifehasedéssayckit on a plate

reader equippeq WHRJNISGIANSs IS Hakk ?)'i‘a%\é'}ré E %,Q%ﬁx@a%r &ARGISIAUY LR YRS PR O luciterase

activity. The values shown are average of 22 replicates and the error bars are standard error. [00212]
As shown iV EigLRels Framelectidiof BY2 cells with A118 intramolecular recombination plant assay

plasmid alqpe ghwed yMemvditie WsierasadastivitisCoriansfedinmmnithi ki ararphinase plant

expression plasraid resulted in 364-fold increase in luciferase activity. The data clearly indicated that
e recomBIASE RS AT R St AT LT G CENG Seements of meest or o h i

embodiment are therapeutic genes and/or control regions, as previously defined. The choice of
nucleic acid sequence will depend on the nature of the disorder fo be treated. For example, a nucleic
acid construct intended to treat hemophilia B, which is caused by a deficiency of coagulation factor
IX, may comprise a nucleic acid fragment encoding functional factor IX. A nucleic acid construct
intended to treat obstructive peripheral artery disease may comprise nucleic acid fragments encoding
proteins that stimulate the growth of new blood vessels, such as, for example, vascular endothelial
growth factor, platelet-derived growth factor, and the like. Those of skill in the art would readily
recognize which nucleic acid fragments of interest would be useful in the treatment of a particular

disorder.,
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EXAMPLE 3: STABLE INTEGRATION OF PLASIVID DNA CONTAINING attP OR attB SEQUENCE
INTO liEIC293 CHROMOSOME CONTAINING THE attB OR attP SITE [00213] Assay for the
integration of plasmid DNA at aztP or attB site on the chromosome was done in a two-step process. hi
the first step, a stable cell line containing a single copy of attP or attB site of each enzyme was
generated and characterized. In the second step, a piasmid containing the attP or at/13 site was
integrated g0t18shrasesem abﬂtﬁnmtt&nmpﬁﬁﬁﬁmkydm thespresehdrpafthel (rtpmbinase
expression plas era of st 11EK293 clones with attP or af Il sequ in.the
chromosom‘%J ?)%iélﬂ? “élfhlé e ggﬁzﬁng}blat “or at/1. Céree()qcuevr(rjce of léza{/cl?h re¥com mglélgg&[]é}l&%D Numbers

11, 13-21) ey roarieel Bothe ERT ideasant theprsinar ogane ek eastaipferr fopriitstbedien [Carlsbad,

CA (catalog#R/HQ-9Q Giialewingithey peesadute 1eaqmpagnded by the manufacturer. The FRT locus in
Flp-InTm-293 cells has a CMV promoter FRT inte %%ratron site for Flp recombinase, and zeacin

resistance AMY AU Ao dasbetsisne Hhemp e SRl AT e pTELT e BHL LGSR Brifbiotic and
express E-galastetidase noaskettgemnae thivaitPvathattse fiush e oliedct dngynedivapcloned into

PoDN-AJFR]. plasimid (19wl agei. Catebadl. Gid.ga'aleg §4000:20).8L e Juligle, dlgnigo sites

region present betweén the CMV promoter and BGH terminator sequence. Thé pcD T cloning

plasmid had:&8kH%F éﬂ@pﬁ}éﬁéﬁﬁﬂﬁtﬂ%@ﬁ%%‘ﬁ’i%ﬁ §Eel 27he Wy fenmiihgene Fé@l@sTéeﬁﬂﬁrnoter and
ATG initiatiory movion. Teirierenisaasfecigvet-peNAERIhplasn aidngontaining: SRlatiR.QreattB site

into mammalllgrgl?e}l&s will n%? 4‘?“‘]@5%1 ro S T;é orﬁqe@ g@?%'glgelgbtg%fltlpw of %??E)nl}%,g\rlp'lggRT plasmrd

occurs at the ocuSin firm-29 wrng co-transfection wit Combinase
expression Plagiifacgiecay %Wﬁéﬁ?%@% whhafiteg r“éﬁ?@ﬁ“ﬁé@lm@lrhn@wh%f%?&r@rny0|n
resistance and:iesgafcaeoeins esisiancaisnabvgalaciosidase axpressiaRmiharRieseriigds
schematicall%/ hown | i%ur&? 0023r olhe ttP m%'g'gs contalqlggi%cDul%;rc ngTerPF id DNAs were
integrated into arm- T f cted on media

T
cells an ciona nes or eac OI’ al e were se

containing mlﬁ9wqulm§wpé%wtf@h@§@m@ﬂ(6§@@thé pigal acrbsldaseanddiigity and were
sensitive t0EaAI86 416 PERSEBE S herapeutics”, Ch. 1 pl).
[00187] 1t should be noted that the aztending physician would know how to and when to terminate,
interrupt, or adjust administration dug to toxicity, to organ dysfunction, and the like. Conversely, the
attending physician would also know how to adjust treatment to higher levels if the clinical response
were not adequate (precluding toxicity). The magnitude of an administered dose in the management
of the disorder being treated will vary with the severity of the condition to be treated, with the route
of administration, and the like. The severity of the condition may, for example, be evaluated, in part,
by standard prognostic evaluation methods. Further, the dose and perhaps dose frequency will also

vary according to the age, body weight, and response of the individual patient.

[00188] In general at least 1-10% of the cells targeted for genomic modification should be modified
in the treatment of a disorder. Thus, the method and route of administration will optimally be chosen
to modify at least 0.1-1% of the target cells per administration. In this way, the number of
administrations can be held to a minimum in order to increase the efficiency and convenience of the

freatment.

[00189] Depending on the specific conditions being treated, such agents may be formulated and
administered systemically or locally. Techniques for formulation and administration may be found in
"Remington's Pharmaceutical Sciences," 1990, 18th ed., Mack Publishing Co., Easton, Pa. Suitable
routes may include oral, rectal, transdermal, vaginal, transmucosal, or intestinal administration;
parenteral delivery, including intramuscular, subcutaneous, intramedullary injections, as well as
infrathecal, direct intraventricular, intrarvenous, intraperitoneal, intranasal, or intraocular injections,

just to name a few.
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of pcDNA/FRT plasmid with attP or attB sequence at the FRT locus was also confirmed by PCR
(Figure 10). In PCR analysis, we detected integration of attP or att13 sequence at the FRT locus in the
genome by using a primer that binds to attP or attB and another primer that binds to adjacent FRT
locus sequence. Therefore, the clone would be PCR positive only if attP or attB site is integrated in the
chromosome, As expected, the selected lines are positive for attP or at/B. PCR did not amplify a
specific bgpdvopthe:gsan B NAddsahatedifion the: pasemtadEiR-tassmafdcalssfaneaiR, Panel Cin
Figure 10) but am thlt(efd a band fram the DN{A isolated fr%g;]cell integrated vxitlgg att{: ar attB containing
o

ognizes the irst an% secon%r Qm ation s Snees are seiected Ior use. icula;
pcDNAIFFserc;ﬁTésml anes 1, panel (odih igure f@)l for each recombmase tested” The stable 293 cells

with attP crenBisissandredodfirditeeatiiegslagnsid asoheamiliegth es 2B G atresirsdd respectively.
Integratiorb&fsm@gg}idslw&@ﬁ e re mRSOPaL AR Ok %&5%@&99%&@]@ aedm&gm@{a%&%@y plﬁtsmids
were constructe acing attP or attB sequence of each recombinase immediately before the

pu romycir{?%tglss(%?ﬁ%/%%%%ég?nwﬂ%ligep lanéﬁrﬁria?qfﬁoesepuer%rrlr}fﬁ%i?\b%@n%r grénsmr?g?%oanv% SR Bromoter.
However, rectnmtiratioivibetweemthetial Feqithes ehdonsbsomid saqdeattB imthresintEgration assay

plasmid (o atB ARG U NTRSOMLANAALR,Q0 e assa BRI MO WdiMegrRIehg.puUrornycin
gene next to the CMV promoter presenlgfl:mmed,la,tely before the attP or ata3 site in the F1p-Inrm-293

cells geneFHFETr A6GVERIENTE R 85 FHie IRTEGPT STrRRHIPERLTS i ESGHRIBET0 AR pBF SPRVE /T HERE and
growth of suclacoeltsnindigenprefientooipummydisiagnpiviotigedRandom Fdegratipl, ofassaynplasmid is

not expectﬁgsﬁacpm‘tda%cr? RGO Eﬂmﬁﬂanqmﬂmﬁ@%ﬂa&l@%s&éw%%&%%f@éaivrvﬂ%sﬁe attP

[
sequence was transfected with integration assay plasrnid containing the attB site and with or without
the corresPERETG FEGHIBT TGS BEE FEYSIAN' HiSHirdiin M & Ltatdat i efie BIS™RicaFBtRer instance,
Flp-Inrm-283dstahtateeiblinmavitbxptablyrntagrotechatiB saglence, e Qepesated ardnasadsfor
integrating. th taining.int tion assay plasmid, FlR-InTm-293 cells containing chromosomal
attP or at%ggﬁtéag%g%g %gé%§’§§(@:§% ] Wst(fr%strans ec?e(g \S}\ffith%&grﬁén?nﬁré’g%t% reasss(i]soélyc}f[(;lasmid
and 400 ni§sfhsephsBRsRsEERprESSIR ST IR wwisFalpers SiBCtBBISEERAR containing the

puromycinpagtifiatise{the iesembitase-isriuntionsd, dhe-aid seeuenes centaining Wasmid is
expected tt%tirgéeglrl%tgra?togihg aftP site on the chromosome or vice versa. [00217] The number of
puromycin resistant colormes obtained from attB or attP site containing FlpInTh6-293 cells after
co-transfection with at/P- or attB-containing integration assay plasmid and the con-esponding
recombinase expression plasmid in 3 independent experiments is shown in Tables 1 and 2 below. In
the absence of recombinase plasmid, no puro%é%—rgg%tant colonies were observed. These results

clearly sh%%}@gﬁ Mgiﬁﬁwbinases facilitated recombination between chromosomal attP or attB site
attB or a

and plasmi SIte, resulting in integration of plasmid DNA into clu-omosome. We also
confirmed [88197bkftiddntbgratbmby I¥Sfatinbuyésrolnicl @A tibmaper oy kirrresis et lolowes and

detected thepresenge-ohiaithend Al si6s Prriechomasams: Reeompinalipnhsieen attB and
attP results in creation of attL, and attR sites, which are hybrid sites between attB and a//P. PCR

; C
amplificatiGRPAETHRPHEAHE GF'd R BB ERRO T AMERS BTt RS E s Petifi BRI OMY in
pu romypini?ds&mamyclﬂnésm@@nthadi hté@rﬂiqﬁmfm&am@mmmmih@mmmdIBrHﬁr Figure 10)
but not in pagental el FINIAINING.AUR o @bLA thatwairsed for iegration (anes . panels A and B
in Figure 10). Table 1. Integration of aril' containing plasmic’ into chromosome with tB site
RecombinXéeeroRigiesmarceia Publishing Assoc. and Wiley-Interscience, New York, NY (1987).

Materials and methods suitable for the maintenance and growth of bacterial cultures are well known
in the art. Techniques suitable for use in the following examples may be found as set out in Phillipp,
G. et al., Manual of Methods for General Bacteriology, American Society for Microbiology,
Washington, DC. (1994) or in Brock, T.D. Biotechnology: A Textbook of Industrial Microbiology,
Second Edition, Sinauer Associates, Inc., Sunderland, MA (1989). All reagents, restriction enzymes
and materials used for the growth and maintenance of host cells were obtained from New England
Biolabs (Beverly, MA), Invitrogen Corporation (Carlsbad, CA), Stratagene Corporation (La Jolla,
CA), Promega Corporation (Madison, WI), DIFCO Laboratories (Detroit, MI), or Sigma/Aldrich

Chemical Company (St. Louis, MO) unless otherwise specified.
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Site on assay plasmidlExp 1Number of puromycina clones #1 Exp #2IExp #3 A118 att13

[00192] Manipulations of genetic sequences and alignment and comparison of polynucleotide and
peptide sequences can be accomplished using the suite of programs available from Invitrogen
Corporation, Carlsbad, CA (Vector NTI software version 8.0), DNASTAR, Inc., Madison, WI
(DNASTAR software version 6.0), or Genetics Computer Group Inc., Madison, WI (Wisconsin
Package Version 9.0).

[00193] The meaning of abbreviations is as follows: “h” means hour(s), “pL” means microliter(s),
“mL” means milliliter(s), “L” means liter(s), “pM” means micromolar, “mM” means millimolar, “ng”
means nanogram(s), “pg” means microgram(s), “mg” means milligram(s), “A” means adenine or
adenosine, “T” means thymine or thymidine, “G” means guanine or guanosine, “C” means cytidine or
cytosine, “nt” means nucleotide(s), “aa” means amino acid(s), “bp” means base pair(s), “kb” means
kilobase(s), “k” means kilo, “p” means micro, “$” means Phi, “B” means beta, “SE” means standard

error, “Luc” means firefly luciferase, “RLuc” means Renilla luciferase, and “°C” means degrees
Celsius.

[00194] The following examples demonstrate that site-specific recombinase systems derived from
Bacillus subtilis bacteriophage SPPc2, Streptococcis pyogenes bacteriophage SF370.1,
Mycobacterium smegmatis bacteriophage Bxbl, Listeria monocytogenes bacteriophage A118, and
Mycobacterium tuberculosis bacteriophage $Rv1 function in eukaryotic cells. These examples are

offered to illustrate, but not to limit the present invention.

EXAMPLE 1: DESIGN, SYNTHESIS, AND CLONING OF RECOMBINASE GENES AND
INTRAMOLECULAR RECOMBINATION ASSAY PLASMIDS

[00195] After analyzing the published literature and sequences available in Genbank, numerous
site-specific recombinases were selected and assayed for DNA integration, excision, inversion, and
replacement in mammalian and plant cells. The amino acid sequences for large site-specific
recombinases of serine family (Smith, M. C. and H. M. Thorpe 2000 Diversity in the serine
recombinases. Mol, Microbiol., 44:299-307) were obtained from GenBank and reverse translated to
DNA. Since the sources of recombinases were from bacteria or bacterial viruses, we optimized the
DNA sequence for recombinase expression in mammalian cells without changing the encoded amino
acid sequence. The genes were totally synthesized using the codons for high-level human and mouse
expression and with convenient restriction enzyme sites for cloning. In addition, regions of very high
(>80%) or very low (<30%) GC content have been avoided where possible. Moreover, during the
optimization the following cis-acting sequence motifs were avoided to optimize RNA stability and
translation:

- internal TATA-boxes, chi-sites and ribosomal entry sites

- AT-rich or GC-rich sequence stretches
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- repeat sequences and RNA secondary structures

- (cryptic) splice donor and acceptor sites, branch points

- poly(A) sites
The codon and RNA optimization resulted in difference of 20-30% of sequence between native (i.e.,
DNA sequence available at Genbank) and synthetic genes. The synthetic genes encoding the
recombinases were cloned into mammalian and E. coli expression plasmid pDual obtained from
Stratagene Corporation (La Jolla, CA, catalog #214501). pDual expression vector directs expression
of heterologous genes in both mammalian and prokaryotic cells. For the constitutive expression in
mammalian cells the vector contains the promoter/enhancer of the human cytomegalovirus (CMV)
immediate early gene. The recombinase gene is cloned at the unique Eam 1104 I restriction enzyme
site present between the CMV promoter and SV40 terminator sequence. While synthesizing the gene
sequences we added Eam 1104 I restriction enzyme recognition site at the beginning (before the

" initiation codon ATG) and end (after the stop codon TAG) of the gene to facilitate digestion with

Eam 1104 I enzyme and cloning at the same site in the pDual plasmid. The cloning of synthetic
genes, sequencing of clones to confirm the gene sequence after cloning into pDual vector were
performed using the standard DNA cloning procedures (Sambrook, J., E. F. Fritsch, et al. 1989,
Molecular Cloning: A laboratory Manual. Cold Spring Harbor Press, Cold Spring Harbor, NY). The
description of expression plasmids is given below,

1.1 SPbe2 Recombinase Expression Plasmid: A synthetic DNA sequence (SEQ ID NO: 1)

codon optimized for animal cell expression and encoding the site-specific DNA recombinase yokA of
Bacillus subtilis phage SPBc2 (SEQ ID NO: 2, Genbank accession #T12765, Lazarevic, V., A.
Dusterhoft, et al. 1999, Nucleotide sequence of the Bacillus subtilis temperate bacteriophage SPPc2.
Microbiology 145:1055-67) was cloned into pDual expression vector at Eam 1104 I restriction site
following the procedures recommended by Stratagene (La Jolla, CA).

1.2 SF370.1 Recombinase Expression Plasmid: A synthetic DNA sequence (SEQ ID NO: 3)

codon optimized for animal cell expression and encoding the putative recombinase of Streptococcus
pyogenes bacteriophage SF370.1 (SEQ ID NO: 4, Genbank accession #112765, Canchaya, C., F.
Desiere, et al. 2002, Genome analysis of an inducible prophage and prophage remmants integrated in
the Streptococcus pyogenes strain SF370. Virology 302:245-58) was cloned into pDual expression
vector at BEam 1104 I restriction site following the procedures recommended by Stratagene (La Jolla,
CA).

1.3 Bxb1 Recombinase Expression Plasmid: A synthetic DNA sequence (SEQ ID NO: 5)
codon optimized for animal cell expression and encoding the putative recombinase of Mycobacterium
smegmatis bacteriophage Bxbl (SEQ ID NO: 6, Genbank accession # AAG59740, Mediavilla, 1., S.

Jain, et al. 2000, Genome organization and characterization of mycobacteriophage Bxb1. Mol.
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Microbiol, 38:955-70) was cloned into pDual expression vector at Eam 1104 I restriction site
following the procedures recommended by Stratagene (La Jolla, CA).

1.4 A118 Recombinase Expression Plasmid: A synthetic DNA sequence (SEQ ID NO: 7)
codon optimized for animal cell expression and encoding the putative recombinase of Listeria
monocytogenes bacteriophage A118 (SEQ ID NO: 8, Genbank accession # CAB53817, Loessner, M.
7., R. B. Inman, et al. 2000, Complete nucleotide sequence, molecular analysis and genome structure
of bacteriophage A118 of Listeria monocytogenes: implications for phage evolution. Mol. Microbiol,
35:324-40) was cloned into pDual expression vector at Eam 1104 I restriction site following the
procedures recommended by Stratagene (La Jolla, CA).

1.5 PRv1 Recombinase Expression Plasmid: A synthetic DNA sequence (SEQ ID NO: 9)

codon optimized for animal cell expression and encoding the putative recombinase of and
Mpycobacterium tuberculosis bacteriophage ®Rv1 (SEQ ID NO: 10, Genbank accession #CAB09083,
Bibb, L. A. and G. F. Hatfull 2002, Integration and excision of the Mycobacterium tuberculosis
prophage-like element, phiRv1. Mol. Microbiol. 45:1515-26) was cloned into pDual expression
vector at Eam 1104 I restriction site following the procedures recommended by Stratagene (La Jolla, |
CA).

1.6 A118 Recombinase Plant Expression Plasmid: A synthetic DNA sequence (SEQ ID NO: 7)

codon bptimized for animal cell expression and encoding the putative recombinase of Listeria
monocytogenes bacteriophages A118 was cloned into plant expression plasmid pILTAB358 between
the cassava vein mosaic promoter NOS terminator sequence (Verdaguer, B., A. Kochko et al. 1998,
Functional organization of the cassava vein mosaic virus (CsVMV) promoter. Plant Mol. Biol.
37.1055-67). pILTAB plasmid DNA was obtained from Donald Danforth Center for Plant Research,
St. Louis, MQ, The constructs are similar to the A118 expression plasmid used in animal cells except
that the CMV promoter and SV40 terminator were replaced with cassava vein mosaic promoter and

35S terminator, respectively.

Design and construction of intramolecular recombination assay plasmids

[00196] Intramolecular recombination assay plasmids were constructed using the plasmid gWiz™
Luc (Gene Therapy Systems, San Diego, CA). This plasmid confers kanamyecin resistance in E. coli
and expresses a luciferase gene constitutively from the CMV promoter when introduced into
mammalian cells. The vector also contains unique Sal 1 and Not I restriction sites between the CMV
promoter and start codon of luciferase gene. Recognition sites for restriction enzymes Apa I and Nhe
I were created by inserting an oligonucleotide between the Sal I and Not I sites. Oligonucleotides
containing the a#fP site of recombinase and having Sal I and Apa I flanking restriction sites were
synthesized, annealed, and inserted between the Sal and Apa I sites. Similarly, oligonucleotides

containing the a#/B sequence were inserted between the Nhe I and Not I sites. A 1296 bp
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transcriptional termination or STOP sequence was PCR amplified from plasmid pBS302 (Genbank
accession # U51223, nucleotides 193-1488) and cloned at Apa I and Nhe I sites, between a#P and
attB sites. The final construct had the a#P, STOP, and a#/B sequences placed between the CMV
promoter and luciferase gene as shown in Figure 1. The plasmid would express luciferase gene only
after the deletion of STOP sequence due to recombination between at/P and a#B sites. The
description of intramolecular recombination assay plasmids is given below.

1.7 SPBc2 Intramolecular Recombination Assay Plasmid: A 99 bp synthetic oligonucleotide

sequence containing the at/P site of SPBc2 recombinase (SEQ ID NO: 11), a 1296 bp STOP sequence
(SEQ ID NO: 12), and a 96 bp synthetic oligonucleotide sequence containing the a#B site (SEQ ID
NO: 13) of SPBe2 recombinase were cloned in that order between the CMV promoter and luciferase
gene of gWiz™ Luc plasmid.

1.8 SF370.1 Intramolecular Recombination Assay Plasmid: A 99 bp synthetic oligonucleotide
sequence containing the a#fP site of SF370.1 recombinase (SEQ ID NO: 14), a 1296 bp STOP
sequence (SEQ ID NO: 12), and a 96 bp synthetic oligonucleotide sequence containing the a#/B site
(SEQ ID NO: 15) of SF370.1 recombinase were cloned in that order between the CMV promoter and
luciferase gene of gWiz™ Luc plasmid,

1.9 Bxbl Intramolecular Recombination Assay Plasmid: A 52 bp synthetic oligonucleotide

sequence containing the atfP site of Bxbl recombinase (SEQ ID NO: 16), a 1296 bp STOP sequence
(SEQ ID NO: 12), and a 46 bp synthetic oligonucleotide sequence containing the a#/B site (SEQ ID
NO: 17) of Bxb1 recombinase were cloned in that order between the CMV promoter and luciferase
gene of gWiz™ Luc plasmid.

1.10  A118 Intramolecular Recombination Assay Plasmid: A 99 bp synthetic oligonucleotide
sequence containing the a#fP site of A118 recombinase (SEQ ID NO: 18), a 1296 bp STOP sequence

(SEQ ID NO: 12), and a 96 bp synthetic oligonucleotide sequence containing the a#B site (SEQ ID
NO: 19) of A118 recombinase were cloned in that order between the CMV promoter aﬁd luciferase
gene of gWiz™ Luc plasmid.

1.11 @Ryl Intramolecular Recombination Assay Plasmid: A 99 bp synthetic oligonucleotide
sequence containing the atfP site of Rvl recombinase (SEQ ID NO: 20), a 1296 bp STOP sequence
(SEQ ID NO: 12), and a 96 bp synthetic oligonucleotide sequence contaming the a#B site (SEQ ID
NO: 21) of PRv1 recombinase were cloned in that order between the CMV promoter and luciferase
gene of gWiz ™ Luc plasmid.

1.12  Al18 Intramolecular Recombination Agsay Plant Plasmid: A 99 bp synthetic oligonucleotide

sequence containing the a#fP site of A118 recombinase (SEQ ID NO: 18), a 1296 bp STOP sequence
(SEQ ID NO: 12), a 96 bp synthetic oligonucleotide sequence containing the a#B site (SEQ ID NO:
19) of A118 recombinase, and luciferase gene were cloned in that order between the cassava vein

mosaic promater and NOS terminator sequence of pILTAB358.
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EXAMPLE 2: TRANSIENT INTRAMOLECULAR RECOMBINATION ASSAYS

[00197] In order to determine the activity of the recombinases in mammalian and plant cells, a
transient assay was developed. Briefly, the assay consisted of cloning the recombinase gene into an
expression plasmid, making the corresponding intramolecular recombination assay plasmid,
introducing both plasmid DNAs into cells by transfection, and assaying for luciferase enzyme
activity. The recombinase assay plasmids contained CMV Promoter — a#/P:STOP.a#/B — Luciferase
Reporter geng — Terminator sequences. The STOP sequence is a transcription termination signal
sequence. In the absence of recombination, expression of the luciferase reporter gene is prevented by
the STOP sequence present between the promoter and reporter gene. Recombination between the
atP and ai/B sites due to the introduced recombinase results in deletion of the STOP sequence and
activation of reporter gerie. This assay is sensitive and robust because it is an OFF to ON format and
the amount of luciferase reporter can be easily assayed by detecting the light emitted by luciferase

with a luminometer, The assay format is graphically depicted in Figure 1.

Transient transfections and luciferase assavs

[00198] Celis were maintained at 37°C and 5% CO, in DMEM supplemented with 10% fetal bovine
serum and 1% penicillin/streptomycin (obtained from Invitrogen, Carlsbad, CA) or in other media as
indicated. On the day of transfection, cells were plated at different densities depending on the cell
type used. The cells were transfected with intramolecular recombination assay plasmid alone or
along with varying amounts of recombinase expression plasmid DNA using Lipofectamine 2000™
according to the manufacturers instructions (Invitrogen, Carlsbad, CA). Constitutively expressed
Renilla luciferase reporter plasmid (pRL-CMV from Promega, Madison, WI) was co-transfected (2
ng/well) and used as an internal control to normalize the data. Twenty-four or forty-eight hours after
transfection (depending on the cell line), media was discarded and cells were lysed with passive lysis
buffer (Promega, Madison, WI). Extracts were then assayed using Dual Luciferase Assay kit
(Promega, Madison, WI) on a plate reader equipped with injectors (Dynex Technologies, Chantilly,
VA). The data shown are the ratios of luciferase (Luc) and Renilla luciferase (RLuc) activities,
unless noted otherwise, Similar results were observed when Luc activities (relative light units) were
compared (data not shown). Since the number of replicates and experiments varied for different
constructs and cell lines the standard error was used to indicate the experimental variation.

2.1 Transient Intramolecular Recombination Assay in human HEK 293 cells

[00199] Cells (20,000 cells per well in a 96-well plate) were transfected with 25 ng of
intramolecular recombination assay plasmid and 0, 10, 25, or 75 ng of the corresponding recombinase

plasmid and incubated for 24 hours. Cells were lysed with 50 ul of passive lysis buffer and 25 pl
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extracts were assayed. Six to twenty replicate assays were performed, and ratios of Luc/RLuc (mean
values) = SE were plotted. The values shown above the bars in Figure 2 are fold inductions (ratio of
luciferase activity in the presence of recombinase plasmid to the activity in the absence of
recombinase plasmid).

[00200] As shown in Figure 2, transfection of intramolecular recombination assay plasmid alone
showed no or very little luciferase activity (given as ratio of Luc/RLuc). Transfection of increasing
amounts of A118 recombinase expression plasmid (10, 25, or 75 ng) along with A118 intramolecular
recombination assay plasmid increased the luciferase activity. Similar results were also observed for
SF370.1, SPPec2, $RV1, and Bxbl. These results clearly indicated that the recombinases are
functional in HEK293 cells. The recombinases mediated the recombination between their a#P and
atfB sites and deleted the STOP sequence on the intramolecular recombination assay plasmid and
activated the luciferase gene expression.

2.2 Transient Intramolecular Recombination Assay in mouse NIH3T3 cells

[00201] Cells (5,000 cells per well in a 96-well plate) were transfected with 25 ng of intramolecular
recombination assay plasmid and 0, 10, 25, or 75 ng of the corresponding recombinase expression
plasmid and incubated for 24 hours. Cells were lysed with 50 p! of passive lysis buffer and 25 ul
extracts were assayed. Two to fourteen replicate assays were performed, and ratios of Luc/RLuc
{mean values) = SE were plotted. The values shown above the bars in Figure 3 are fold inductions.
[00202] Figure 3 shows the data obtained from transfection of NIH3T3 with intramolecular
recombination assay plasmid alone or along with increasing amounts (10, 25, or 75 ng) of
recombinase expression plasmid, Co-transfection of recombinase plasmid and intramolecular
recombination assay plasmid increased the luciferase activity many fold. For example, transfection
of cells with 25 ng Bxb1 intramolecular recombination assay plasmid and 75 ng of Bxb1 recombinase
expression plasmid increased the luciferase activity 66-fold when compared with transfection with 25
ng Bxb1 intramolecular recombination assay plasmid alone. Similar to Bxb1, recombinases A118,
SF370.1, SPBc2, and ®RV1 also increased the luciferase activity (Figure 3) showing that these
recombinases are functional in mouse NIH3T3 cells and are effective at recombining their a#P and

atiB sites.
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2.3 Transient Intramolecular Recombination Assay in Chinese hamster ovary (CHO) cells

[00203] Celis (15,000 cells per well in a 96-well plate) were transfected with 25 ng of
intramolecular recombination assay plasmid and 0, 10, 25, or 75 ng of the corresponding recombinase
expression plasmid and incubated for 24 hours. Cells were lysed with 50 pl of passive lysis buffer
and 25 pl extracts were assayed. Two to eight replicate assays were performed, and ratios of
Luc/RLuc (mean values) = SE were plotted. The values shown above the bars in Figure 4 are fold

inductions.

[00204] As shown in Figure 4, transfection of intramolecular recombination assay plasmid of A118,
SF370.1, or PRV alone showed no or very little luciferase activity. Co-transfection with increasing
amounts of corresponding A118, SF370.1, or ®RV1 recombinase expression plasmid increased the
luciferase activity. These results clearly indicated that the recombinases are functional in CHO cells.
The recombinases mediated the recombination between their azfP and at/B sites and deleted the
STOP sequence on the intramolecular recombination assay plasmid and activated the luciferase gene
expression.

2.4 Trangient Intramolecular Recombination Assay in human Hel a cells

[00205] Cells (15,000 cells per well in a 96-well plate) were transfected with 25 ng of
intramolecular recombination assay plasmid and 0, 10, 25, or 75 ng of the corresponding recombinase
expression plasmid and incubated for 24 hours. Two to eight replicate assays were performed, and
ratios of Luc/RLuc (mean values) = SE were plotted. The values shown above the bars in Figure 5
are fold inductions.

[00206] As shown in Figure 5, transfection of intramolecular recombination assay plasmid of A118,
SF370.1, or RV1 alone showed no or very little luciferase activity. Co-transfection witﬁ Increasing
amounts of corresponding Al18, SF370.1, or #RV 1 recombinase expression plasmid increased the
luciferase activity. These results showed that the recombinases are functional in HeLa cells.

2.5 Transient Intramolecular Recombination Agsay in rat bone marrow stromal cells

[00207] Primary bone marrow stromal cells from rats were pre-plated one day before the
transfection at a density of 4000 cells/cm” and cultured in medium containing 50% Minimum
Essential Medium Alpha Medium (oMEM), 50% F12 Hams, 10% FBS, 1% Pen/Strep (100 U/ml
penicillin G and 100 mg/ml streptomyein sulfate). Cells were transfected with 25 ng of
intramolecular recombination assay plasmid and 0, 50, 100, or 200 ng of the corresponding
recombinase plasmid and incubated for 48 hours. Cells were lysed with 50 pl of passive lysis buffer
and 25 ] extracts were assayed. Eight replicate assays were performed, and ratios of Luc/RLuc
(mean values) = SE were plotted. The values shown above the bars in Figure 6 are fold inductions.
[00208] Figure 6 shows the data obtained from transfection of rat bone marrow stromal cells with
intramolecular recombination assay plasmid alone or along with increasing amounts (50, 100, or 200
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[00218] Assay for the deletion of attP:STOP:attB sequence located on the chromosome was done in a
two-step process. In the first step, stable cell lines containing a single copy of CMV promoter -
attP:STOP:attB - Luciferase gene - Terminator construct were generated for each recombinase and
characterized. In the second step, recombinase expression plasmid was transiently transfected into
stable cellsng)ittt Cohddépprdimotefomaitk Sk attBhlabnicifdiasengénton Sermmnatoraand the cells were
assayed for e elifiangadiidina insasramonaseds Agiie.n Macumalincalis-hedagombination

between chromosoma attP and catB sites will result in the deletion of STOP sequence and activation
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#R750-07) ésf@eMGOaﬁi@JeEWmW%ﬁ@ 1, SRftetkase B setistreecdtisach recombinase
that was pregestain Q@ngw%m@QH@ﬁgﬂﬁ@é@m&%@ﬁE@w@&ﬁmﬁ&(@@so%ﬁm@nd
construction of i olecular ecomblnatl ass ng aéwd Figure 1) was cloned into
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present betiveen thertse \Assilpr BievotarizatidiBGidvtarminst opwepiemcellsThe constructed

pCDNA/FR g/l\c%lég nce:l\lll spe O@P}%rceﬁgﬁ%%{mg %&%bt&ygdfgg%sﬁrgﬁvan Sn %Cl okfnfeﬁ or was

inserted at th ocus of Flp-InTm-293 ce recombinase. Integration of this plasmid

results in gﬁWﬁ%@W%ﬁﬁ%%‘i@thﬁé@lér%%%‘é%ﬁ@&%%éﬁﬁ%‘@%ﬁénéﬁéafat%%lﬁ’é@@expressmn
[00220] Flpsm®T m- '29§n§@él§eﬂ/@reMarEsﬁasmewmmﬂim&lEﬁ%plﬁ&rﬁmtmmuﬁaagltbalGMAI promoter -
attP:STOP:attB - Luciferas rmlnator alo 4, Invitrogen,

Carlsbad, dl,&]fgé?oﬂ‘élgl fesistant e%m}]e i 6:crzllentrwer%(lgs}ll(i:'l c%(glgf(g{ 1§>§<§3§#d,0 (?%Iﬁ; JUre Cﬁ Fle insertion

of pCDNA/ FW@MW@W@@@%%WWW&@W H‘gatﬁ@%@léﬁié@l Honels for Wf@alé&%ydase
activity. Th%&%lﬁéﬁﬁ@ld&&%ﬁ ﬂm&mﬁe%g@ma@&g@a@aﬁmwuﬁ%é&%m clapesivvger used for

transfection wit recorn ase e ree n Ias das{ Deslstsetlo P se uencelfro t?ﬁ
chromosomtéa%s %fﬁ%t“(} jon 8frlucffera°§e in"Sta 3018“1 &gP (ﬁ f’[ ?n?ﬁ h?‘js E) ygromycin

resistant cell@cwﬂa@nlggfﬂm@WqQMmmtéMﬁ@l&T@&faﬂBnmgﬁf@rhmfg@mmﬂ?@ﬂ%nator construct

for each re%&%ﬂ% 156 WERHansieR i dansircied il ihe. Ao e pe ding AP aRE SxPression
plasmid. Cells (15000 per well, 96- weII format were transfected with 0, 25, 50, 100, or 200 ng of

recombin as%e@%@gg%ﬁﬁm%g m V, Promega, Madison, WI) was co-transfected (4

ng/well) as an internal control to normalize the data. Two days after transfection, the media was

discarded and cells were lysed with 75 ul of passive lysis buffer (Promega, Madison, WI). Extracts
(50 pl) were assayed for luciferase and Renilla luciferase activities using the Dual Luciferase Assay
kit (Promega, Madison, W) on a plate reader equipped with injectors (Dynex Technologies,
Chantilly, VA). The data shown in Figure 7 are the ratios of luciferase (Luc) and Renilla luciferase
(RLuc) activities, and is the average of 4 transfections per treatment. Error bars represent standard
error.

[00210] Similar to results observed in HEK293, NI¥I3T3, CHO, HeLa, and rat bone marrow stromal
cells, recombinases A118, SF370.1, SPRc2, PRV, and Bxbl were functional in mNSCs and
increased the luciferase activity (Figure 7). Co-transfection of mereasing amounts (25, 50, 100, or
200 ng) of recombinase expression plasmid with corresponding intramolecular recombination assay
plasmid (50 ng) resulted in higher luciferase activities and the fold inductions ranged from 72-5349.

2.7 Transient Inframolecular Recombination Assay in tobacco BY2 cells

[00211] Cell suspension cultures of Nicotiana tobacum BY2 were maintained in MS medium in the
dark and subcultured weekly (Nagata, T., T. Nemoto, and S. Hasezawa.1992. Tobacco BY-2 cell line
as the Hela cell in the cell biology of higher plants. Intl. Rev. Cytol., 132:1-30). Protoplasts prepared
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incubated for 24 hours. Cells were lysed with 50 ttl of passive lysis buffer and 25 pi extracts were
assayed. Sixteen replicate assays were performed, and luciferase activity (mean of relative light unit)
th SE were plotted. [00222] As shown in Figure 12, transfection of increased amounts (0, 25, 50, 100,
or 200 ng) of each recombinase expression plasmid into its corresponding attP:STOP:attB containing
Flp-1nTm-293 clone increased the luciferase activity. These results showed that the recombinases can
recombine fot 8 vy sidraliyrpiacecrattPpemiddanfl 4 dduenrited afithéiveiboiehinatiomrasiiiditlissthe deletion
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could also reI?uIth neratlon of}*%g linygln reﬁkstant cbgnes Ho ger when the target plasmid is
introduced At0 cells orﬁﬁv\%lat " the Tecombinase eexel?%r33|1esnarelz§1§?n| & number of hygromycin
resistant HEKIZ93]clanbevis @Xfigetet] txarts&dmghﬁﬂafymmmmmfel m@ﬁi&mﬁeaﬁmdecaﬁﬁaﬁiaﬁmnt sites.
AIso. for ingfance. e isAan AL, BderambInallon Betueey L BasHs SIoAliBslie CM the genome

and attP site on thé targeting plasmid the attP site on the targeting plasmid is precisely cut and
plasmid. is FISERASEPHHE ‘iﬁ@éﬁiﬂﬁ%@%ﬁ@&%‘ﬁtﬁ@ééﬁ&#ﬁ‘é@@é‘ﬁ?ﬂﬁ@lﬁﬁf@ﬁéﬁﬁﬁi‘{‘&f pEiEts attl, and
pseudo attRBsitgsnthadanndd erédentifigoby-EdidvisetamnaingH tascuadaplasieids. In contrast, random
integrations generally preserve the intact attP site after integration. [00224] The hygromycin resistant
HEK293 clones obtalned in the presence of recomblnase expressmn plasmld were pooled genomic
DNA prepaatisiiy el 5510 Pl ¢ Gisids alil integrated
plasmid (i. %EgmtD&mengﬁ @@m@smmmmmm mw@{ a@‘ﬁﬂﬁ)ﬂﬁhe digested DNA
was self- I|g®§ nd the ligated DNA was transformed into E. colt to rescue the integrated plasmid

containing B8 JErBRIR BRI R RIGSTHY HRA LRI E B mdhr iFPIPROIRSIY FRR§ S Farajan, B.
et al. (2001 Siteespecificgenbniic fintegrationabicrmdiiineabanioellsariegiates), by pitage (R 331
ntegrase. Mol Cel, B0 21393639540, GRI0IIG VA AIEPAEC (O VI SIMAI I ap! clones

(10 ug) was digested with restriction enzymes gB
atfB site was integrated at the chromosomal a#/B or a#fP, respectively, in the presence of the

recombinase expression plasmid.

Generation of stable HEIK 293 clones with a#fP or a#/B sequence in the chromosome

[00214] A single copy of a#fP or a#fB sequence of each recombinase (SEQ ID Numbers 11, 13-21)
was introduced at the FRT locus in Flp-In™-293 cells obtained from Invitrogen [Carlsbad, CA
(catalog #R750-07)] following the procedure recommended by the manufacturer. The FRT locus in
FIp-In™-293 cells has a CMV promoter, FRT integration site for Flp recombinase, and zeocin
resistance and f-galactosidase fusion gene. These cells grow in the presence of zeocin antibiotic and
express 3-galactosidase marker gene. The atfP or aB sequence of each enzyme was cloned into
pcDNA/FRT plasmid (Invitrogen, Carlsbad, CA, catalog #V6010-20) at the multiple cloning sites
region present between the CMV promoter and BGH terminator sequence. The pcDNA/FRT cloning
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Xba I, Eco 01091, Ban Il, Sty 1, Bso BlI, or Btg I in 40 L total volume for 3 hrs @, 37 C. 20 ill of each
digestion was ligated in 200 pi total volume overnight at 4 C, and then purified. The ligated DNA was
introduced into E. colt by electroporation and ampicillin-resistant E. colt colonies were then selected on
a plate containing the antibiotic. Plasmid DNAs was prepared from the bacterial colonies and the
rescued plasmid DNAs were then sequenced. The recovered genomic DNA sequence was used to
identify its shsamasont@Tetapanddinaligring dhecie generett ggnomiciseguands mithntheradian
genome S%@ i a@gn c%@tgia%e]r\éktlje%@fgcg&!\é§9égﬁ%@ﬁ%5%1§M§L18§%%% or aitB

(http://www.ncbi.nlm.nih.gov/BLAST). [00225] When the pseudo site targeting plasmid containing the
attP site oFSPRPOMIERSATedly SEB A iTRIER W%Wﬁ’dﬁ%@ﬂ“ﬁﬁo@@@%@é‘l R ry NG By gromycin
resistant clgingsivetarORtanERT 1eapaatively tTaddlcel}. olxnmn&aﬁtg whendheitargating: plasmid DNA
P e s e N T S RS
expression plasrnldg more than gromycin resistant ¢ ere recovere “h case (Table
3). These meiewmmlmﬁmmmﬁﬁsmdjM@qm@mmrmsmoﬁhesmumeudo attB
sites was h'@aﬂgﬂﬁg&gpgm iﬁtpg{@@i@ﬂ at pseudo sites was many fold higher than random integration
of targetlngl‘gﬁsmld (i.e., integration in the absence of recombinase), Genomie DNA was isolated from

pooled hydi¥R§8inFae iR riBrosoniammed AR heamitPARs 757 Riegrisiiasd lasriol were
rescued framiﬁmw@maeﬁﬂdemudnoaﬁ&m HeReRWE enidealifvayisemuencing,00 plasmid

DNAs as d scrlbed ove. tof Bh res ued pla m| s sequenced:; there st.{e 41 different
%(g ecte ese cells ostt ac 0810as¢ acTivl were sensitiye t’o eocm %ﬁgre ence
pseudo att °S S, as there were mo ntegrations at s e pseudo sites t fan At Othar pseudo sites.

For examp1>éPMR@@%@D&/@@@W@Q@&B@Q@W@?@Y&E@&E@EPQUSY@S The noblestide BeGuence of this
pseudo att@%ﬁ%lml\mm Eigee 1 dnes [@c@%ﬁoﬁ%ﬁ?foﬁf@ﬁi@@c@ﬁé’e@ tiaar@ﬁq»rm@aﬁ%e

preferentially integr r#)tyouf{;)lasmld D%ﬂ ﬁg thl% sit com ared totother site ﬁﬂs le 3: Incrﬂ%ratlon of at/P
containing ARG R: R B IR LR MBS0 &t p¥elido At ShePHEE HLIRBES hal pseudo
site Site ondargetingpladheiddietostoot M@gf@h@)}’éiﬁl%ﬁtbﬂesnly if atfP or atB site is integrated in

the chromosome, As expected, the selected lines are positive for affP or a#fB. PCR did not amplify a

specific band from the genomic DNA isolated from the parental Fip-In™-293 cells (lanes P, Panel C

in Figure 10) but amplified a band from the DNA isolated from cells integrated with a#P or a#/B

containing pcDNA/FRT plasmid (lanes I, panel C in Figure 10) for each recombinase tested. The

stable 293 cells with a#fP or a#/B sites were used for integrating plasmid containing the a#/B or atfP

sites, respectively.

Integration of plasmid DNA at chromosomal affP or atfB site

[00216] The integration assay plasmids were constructed by placing a#P or a#B sequence of each
recombinase immediately before the puromycin resistance gene. In this plasmid, the puromycin gene
does not have its own promoter. However, recombination between the a#P on the chromosome and a#/B
in the integration assay plasmid (or a#/B on the chromosome and a#P on the assay plasmid) would
integrate the puromycin gene next to the CMV promoter present immediately before the a#fP or atiB site
in the Flp-In™-293 cells generated above (Figure 9). The integration will result in expression of
puromycin gene and growth of such cells in the presence of puromycin antibioﬁc. Random integration of
assay plasmid is not expected to provide resistance to puromycin. The Flp-In™-293 stable cell line
containing the a#fP sequence was transfected with integration assay plasmid containing the a#B site and
with or without the corresponding recombinase expression plasmid using the standard protocols. In
another instance, Fip-In™-293 stable cell line with stably integrated a#/B sequence were generated and
used for integrating the a#/P containing integration assay plasmid. Flp-In™-293 cells containing

chromosomal atfP or a#fB site (150,000 to 300,000 cells) were fransfected with 100 ng integration assay
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Without Reeombinase With Recombinase SF370.1 attB attP 9

plasmid and 400 ng of recombinase expression plasmid. Cells were then selected on medium containing
the puromycin antibiotic, If the recombinase is functional, the a#/B sequence containing plasmid is

expected 1o integrate at the a#fP site on the chromosome or vice versa,

[00217] The number of puromycin resistant colonies obtained from a#/B or atfP site containing Flp-
In™-293 cells after co-transfection with atfP- or atiB-containing integration assay plasmid and the
corresponding recombinase expression plasmid in 3 independent experiments is shown in Tables 1
and 2 below. In the absence of recombinase plasmid, no puromycin resistant colonies were observed.
These results clearly showed that the recombinases facilitated recombination between chromosomal
attP or aitB site and plasmid a#B or atfP site, resulting in integration of plasmid DNA into
chromosome. We also confirmed the plasmid integration by isolating genomic DNA from puromycin
resistant clones and detected the presence of aifL, and affR sites on the chromosome. Recombination
between a/B and a#fP results in creation of a#tl and a#/R sites, which are hybrid sites between a#B
and atfP. PCR amplification using the affL or affR specific primers amplified the expected specific
band only in puromycin resistant clones after the integration of assay plasmid (lanes I, panels A and
B in Figure 10) but not in parental cells containing a#fP or a#/B that were used for integration (lanes

P, panels A and B in Figure 10).

Table 1. Integration of atfP containing plasmid into chromosome with a#/B site

Number of puromycin® clones
Chromosomal
Recombinase [site Site on assay plasmid|Exp #1 Exp #2 Exp #3
A118 atB atfP 28 12 0
SF370.1 at!B atP Not done 48 148
SPBc2 atiB atiP 77 303 270
$Rv1 at!B atfP 4 9 0
Bxbl atfB aitP 4 3 12

Table 2: Integration of a#tB containing plasmid into chromosome with a#tP site

Number of puromycin® clones
Chromosomal
Recombinase |site Site on assay plasmid|Exp #1 Exp #2 Exp #3
All8 atlP B 34 55 26
SF370.1 atP attB 0 2 2
SPBc2 atfP atB 268 293 445
Bxb1 attP atiB 12 8 Not done
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>100 SP p c2 altB attP 0 >100 [00226] Similar analysis was done with hygromycin resistant HEK293
clones obtained after targeting of SPI3e2 attP containing plasmid using Inc Slllic2 recombinase and
109 rescued plasmids DNAs were sequenced. Sequence analysis showed that 105 out of 107
integrations were at pseudo attB sites and 2 integrations were at random sites. There were 54 different
pseudo attB integration sites among the 105 integration sites recovered. Fifteen of the integrations
occurred at one pseudo site sequence shown in Figure 14. These results show that human and

eukaryotic GRrampspmeseRaEs efficierbiargeisiiar Breciaestierspailicinirgialigngaipseudo att

sites using the enzymes we discovered. These sites form naturally occurring targets for integration that

can be usedIAZ Y SiotEERIcIg)oRRE R SRR A Reatrapslocated on the chromosome was done in

a two-step process. In the first step, stable cell lines containing a single copy of CMV promoter —

attP:STOP:aifB — Luciferase gene — Terminator construct were generated for each recombinase and
characterized. In the second step, recombinase expression plasmid was transiently transfected into
stable cells with CMV promoter — at/P:STOP:a#B — Luciferase gene — Terminator and the cells were
assayed for the luciferase activity. If the recombinase 1s active in mammalian cells, the
recombination between chromosomal a#/P and a#/B sites will result in the deletion of STOP sequence

and activation of luciferase expression, The assay format is graphically depicted in Figure 11.

Generation of stable HEK?293 clones with CMV promoter-atfP-STOP-atB-Luciferase gene construct

in the chromosome

[00219] A single copy of CMV promoter — a##P:STOP:atfB — Luciferase gene — Terminator
construct was introduced at the FRT locus of Flp-In™-293 cells obtained from Invitrogen, Carlsbad,
CA (catalog #R750-07) as described above. The a#P:STOP:a#/B — Luciferase gene sequence of each
recombinase that was present in transient intramolecular recombination assay plasmids (see Design
and construction of intramolecular recombination assay plasmids and Figure 1) was cloned‘into
pcDNA/FRT plasmid (Invitrogen, Carlsbad, CA, catalog #V6010-20) at the multiple cloning sites
region present between the between CMV promoter and BGH terminator sequence. The constructed
pcDNA/FRT plasmid with CMV promoter — atfP:STOP:a#B — Luciferase gene — Terminator was
inserted at the FRT locus of Fip-In™.-293 cells using Flp recombinase. Integration of this plasmid
results in gain of hygromycin resistance and loss of zeocin resistance and (3-galactosidase expression.
[00220] Fip-In™-293 cells were transfected with peDNA/FRT plasmid containing the CMV
promoter — atfP:STOP:atfB — Luciferase gene — Terminator along with Flp expression plasmid
(pCG44, Invitrogen, Carlsbad, CA). Clones resistant to hygromycin were selected and expanded
(Figure 11). The insertion of pCDNA/FRT plasmid was also confirmed by assaying the selected
clones for B-galactosidase activity. The selected clones lost the P-galactosidase activity., The

isolated clones were used for transfection with recombinase expression plasmids.

Deletion of STOP sequence from the chromosome and activation of luciferase in stable cell lines

[00221] In the second step, hygromycin resistant cells containing the CMV promoter —
attP:STOP:atfB - Luciferase gene — Terminator construct for each recomibinase were transiently
transfected with the corresponding recombinase expression plasmid. Cells (15000 per well, 96-well

format) were transfected with 0, 25, 50, 100, or 200 ng of recombinase expression plasmids and
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What is claimed is: 1. A method for obtaining site-specific recombination in a eukaryaotic cell, the
method comprising: providing a eukaryotie cell that comprises a first recombination site and a second
recombination site; contacting the first and second recombination sites with a prokaryotic recombinase
polypeptide, resulting in recombination between the recombination sites, wherein the recombinase
polypeptide can mediate recombination between the first and second recombination sites, the first
recombinaﬁ&%&kt@ﬂ& adnhage @ﬁﬂ%’»@w@g@mlsaﬁoaf@m@em@bﬁﬁer@ms% @xﬁa&geﬁ@égenomic
recombination hmentglte (catB), the second ecglin atlon ite i attB ? otl th@r
recombindSets s:e SEHE O thE S Olﬁ‘belggﬁrsf)srfnng SFa 15stERE mon c?y ioge e% pjﬁf 1rél%1 nhinase, a
Streptocoéo%i@wolgjehab phage recombinase, a Bacillus =bulls phage recombines; a Mycobacterium

tuberculosy e,[egombinase and a Mycobacterium smednzatis phage, ro%cgmebn%%%f provided that

when the rs re omblnatlon a achment site is attB, the second reconibifiation attac ment site is aid',
and when 3R fRUTEESFR BRREEAPRIREN B Rt roresaming & BetERr FEB SRR RACRRent site is
attB. 2. Agnathaddacohtainingstecspeeiiteecamnbinationing wukasmtiasel cdedmethed comprising;
providing eukarélot(j: IIC(EQ {;%mipr@es a Qgggsr %@%5%1 tl'ﬁ)n osl{trees%ﬂddam t%c%nldt ecqnlblnatlon site;
contactlng e first & an&%econ recombination sites with a proakaryotlc recombinase polypeptlde
resulting inaasorabisrtio bysefvad v iRaitevorhbitigtion eitesiienteasitthe recombinase polypeptide can
mediate recombination between the first and second recombination sites, the first recombination site is

Wei? or ai%g@iﬁ%"”&%%@ﬁd%_ﬂﬁ&%% PRRUARRIRERIMESE SR g@géﬁﬁmmbinase Is

selected ffom the group consisting of a Listens monocytogenes phage recombinase, a Streptococcus
pyogenes PHASdNdEAMHELLS Bacillus subtilis phage recombinase, a Mycobacterium tuberculosis
phage recogpoingisg anda Myrehastesrium sSmeaaatisRhrae feramIRASE 3 {JBGmetad of claim 1

or 2, wherein the reeombinase ﬁfpolypeptlde is selected from theégroup consisting of an A118

recomblna@@ 2 g PR A B A S8 BB SO R AR EER SRS S5 BN RS- and a Biebl
recombinasasidctibhedhetiib chof clanbidaere2pradsergitading ped onnipasézeneaqding palynicleotide is

operably ligked 10, apr 99@%&%&%‘}&% QE%%&%%S&%{B@ &E&h%’%}’&%{ﬁ?&&{ﬁ@ kg sukaryotic cell.

5. The method of claim 1 or 2, wherein the recombinase polypeptide is introduced into the culcaryotic

cell by exgieuaIBREdP BRI ATERAER ths @ﬁ%&%ﬁ@?@&%éﬁﬁﬁ%@%@ﬁ%@ 6. The method of
claim 1 or @ewbsy ednidthercecombinasespalypaptideds inponceahikamthe eukanoticeelasa
polypeptlde 7. T etho of claim 1 or n the recom e eptide is introduced into
the eukaryotlc (:erf?1 eélécéelr\nésécrr Ilén . %%ﬁlggd%s qgv}g%%ﬁigﬁrgs?ecgglx ge(gﬁg‘ee.d%y ¥

transfectlon cells were plated at a denslty of 750,000 cells per 35 mm Peiri dish. The cells were

transfected with 50 ng of targeting plasmid containing a#/P or a#B site and a Ubiquitin C promoter-
driven hygromycin resistance gene (Figure 13) alone or along with 4 pg of recombinase expression
plasmid using Lipofectamine 2000™ according to the manufacturers instructions (Invitrogen,
Carlsbad, CA), The chromosomal integration of plasmid will result in expression of hygromycin
gene and growth of such cells in the presence of hygromyoin antibiotic. It should be noted that
random integration of targeting plasmid (i.e., at non-pseudo sites) could also result in generation of
hygromycin resistant clones. However, when the target plasmid is introduced into cells along with
the recombinase expression plasmid, the number of hygromyecin resistant HEK 293 clones is expected
to be higher if the genome contains pseudo attachment sites. Also, for instance, if the integration is
due to recombination between pseudo a/B site on the genome and atfP site on the targeting plasmid
the a#fP site on the targeting plasmid is precisely cut and plasmid is inserted at the pseudo g#B sites
in the genome, resulting in creation of pseudo arfL and pseudo a#/R sites that can be identified by
DNA sequencing of rescued plasmids. In contrast, random integrations generally preserve the intact

attP site after integration.

[00224] The hygromycin resistant HEK293 clones obtained in the presence of recombinase

expression plasmid were pooled, genomic DNA preparation was made and digested with restriction

57




8. The method of claim 1 or 2, wherein the site-specific recombination results in integration,
deletion,inversion, translocation or exchange of DNA. 9. A method for obtaining a eulcaryotic cell
having a stably integrated polynucleotide sequence, the method comprising: introducing a
polynucleotide into a eukaryotic cell that comprises a first recombination attB or attP site, wherein the
polynucleotide comprises a nucleic acid sequence and a second recombination attP or attB site, and
contactingdhg-fisstranelthe: seeandegarmbination GHesuith aprakaryolitrreomhnaseifolypeptide,
wherein the jecombinase polypepide, crpediate sife speciicleramaipion betwesn fhe first and
second reGmbination sﬂ%s, 4nd the recombinase is selected from the group consisting of a Listeria
nionocytogeitds piieg echwe dinbiramsicdn BIrEp aidrng Hydierrs gshayges FAE6nTliauEY teeBacillus
subtilis phagrsaserebinasenanMyeehasippsmtberchlqsin phagasesambinase iarg-aibygobacterium

smegmatis phage recombinase, provide t when the first recombinayi ife is attl3, the second
recombinaﬁ%ﬁ”giéa?scggn é&ﬁ %&H‘i‘?‘% %rés?iiéné% ina CI)LF? glli'e |1s°13?tiP ?Bt%%gg%m%%?g&f)ombination site
is attB. 10DRANethodifirobaininga sakanotined|l hagingsalstably witegsatedopehymuekdtgide

sequence, thenethad comBHsnGntredusing a,pelynycleqlide.inie,a Gukary gliceell hatcgmprises a

first recombination pseudo attachment site, wherein the polynucleotide comprises a nucleic acid
sequence &#td aissséonvardistrbinafid nlaleR! opRrE SitaighdtOrtattigothatifsdandakeasdcond

recombination Sitesviiue prekaryaticretarkinasenRalypentite. whereinrthsreaemiinase polypeptide
can media% sit -SE) fic recombination between the firs e%grg(?g]%ti%gc%}%?, and the

. en sele e%ccin ?a(%e ntang the an¥¥b1 1ic. S E??rf\!dAg%%nger .
recombinase IS Sé ectedaf%m (fﬂe groép consisting o aIIEIS eria mo O(Pyatrogenes pehage recomblnase, a

Streptococeuenpyergehetsyshrigderavd Ribivaset Heaciliescsabilis hexseedacombiriaé, a

Mycobsctegéeﬁentitél%%@w&@iﬁiagiagﬁli@@@gﬂm@ B8 wg%ﬁfg%g}%&@m%g@%%ﬁ%%c? o
recompinase . e metnoda ofr claim or. , eln ere mpinase PO epl e IS selecle rom
e e SE R AR i A s R S S e B By L s, adyv

recombinaetpaiverar Bt intleeohdsin&8a.ST2. The method of claim 9 or 10, wherein the

recombina | lynucleatide is operably linked to a promoater whi ed; expression of
the ponnui@gt%g iq;r\li?lt%g% |sceélr3(/)ost1|§ tg(ra Em%’fl edr%%nt alcl)%ng?}f gf%n? 8%?\911%%%?/%(2%?@% recombinase
polypeptidechomtnsaedadiimstpel aurciEldliccebs Byrdiphegsisreaf asponmiaieotas thginsdcodes the
recombinaggRelypetidse 14 mhaineiiachaholairsid.00 khiavbrreinthe recenahinaseprhmpeptide is
introduced into the eulcaryotic ce olypepticle. 15. The method of claim 9 or 10,. wherein the
rocombina g at L oo i SR SN B BXPSGioFhBF AR that encodes the
reeombinahmpm@ygigp@hi@anﬂcfﬁopﬁsrwerthmdoﬁ@refdbtaimhgasétéﬁdﬁe_ébﬁéf irewmblta;aﬂim_d)im_ﬂiwt_kargtotic cell,
the method comprising-REvding.a:erkamolic cell ihak GOMRISES @Jérﬁtgﬁ?f%@ég%ﬁn site and a

second recombination site with a polynucleotide sequence flanked by a third recombination site and a
fourth integration at pseudo sites was rany fold higher than random integration of targeting plasmid (i.e.,

integration in the absence of recombinase). Genomic DNA was isolated from pooled hygromycin-
resistant HEK293 clones obtained with SF370.1 recombinase, plasmids were rescued from the
genome, and pseudo at/B sequences were identified by sequencing 100 plasmid DNAs as described
above. Out of the 100 rescued plasmids sequenced; there were 41 different pseudo at/B sites, as
there were more integrations at some pseudo sites than at other pseudo sites. For example, 35 out
100 recovered integrations were at a single site. The nucleotide sequence of this pseudo a#B site is
given in Figure 14. These resuits suggest that the SF370.1 recombinase preferentially integrated
plasmid DNA at this site compared to other sites.
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recombination site; contacting the recombination sites with a prokaryotic recombinase polypeptide,
resulting in recombination between the recombination sites, wherein the recombinase polypeptide can
mediate recombination between the first and third recombination sites and the second and fourth
recombination sites, the first and second recombination sites are attP or attB, the third and fourth
recombination sites are attB or attP, and the reconibinase is selected from the group consisting of a
Listeria monocytogenes phage recombinase, a Streptococcus pyo genes phage recombinase, a
Bacillus sygiliephage.REorhiaTt.AMGeRAFRIUR LI GHIGNS AhAde (R jase and a
Mycobacterium smegmatis phage recomhinase, provided that when the first and second
recombination attachrhent sites are attB, the third and fourth¥ewbeiisiagommielnsent sites are all?,
and when| the first andgesandnacombsnasiviargétaghmeniradestare all?,

recombingji n ites are attR. . 17. The metho im.16,
len@tagh g?&&hé'sﬁ?é [Brsnkd - | g Qb Glain.16

greinthe recombinase
polypeptid ; . ombinase, a
SP;3c2 retoifibinase, ¥81.2v1 recomﬁ‘fﬁase, and a Bxb|1 recombinasé, 18. The methBt]| of' claim 16,
wherein thePgecombinas®d polypeptide igtintroduced into the eukaryotic @ell by expressiof|of a
polynucleotide thatencodes the Tecombinase polypeptide. 19; The method of claimm 16, wherein the
recombinmol peptide is introduced into the eukaryotic cell as a polypeptide. 10.The method of
claim 16, Heilecotsinase or/pibiaroseir sy THiB Pecouksaniaibté sl by messenger
RNA that encages tRegecombinasenahpartide, me shaneihehighabiaining-aaultipis.sitgrspecific
recombinations in a eukaryotic cell, the method comprising: providing a euicaryotic cell that comprises
a first recompinaABH SGHESRY g?@&%ﬁ&?@%ﬁ%’%ﬁéﬁf‘%}f@ St B Hi B FERb b HEfiBHP & %Nd a fourth
recombinatidhssitesrcichiaetingdtivoviirstomdisecoed Tdesmibsinaticnsites ndtld @dfifs inqegkasyotic
recombinasg.nalpeRides SARIAGIRG e and b Eeamainalan ales i3 seqand prokaryotic

recombinase poiypeptide, resulting in recombination between the first and second recombination sites
and recontBimSAbT BeREaPthigtHind ahtr fotfiH s stohibi Ao s iR e fmepresdiibinase
polypeptids etiicimnediates fecorutilnsitiompdeivaenrinenfirstrandcecend rengmbinatinessites and the
second regamipingserRolyReRU AR MEAlale eeamainalanetuean (0 hitdand fouh.
recombination sites, the first and second recombinase are selected from the group consisting of a
Listeria m@??é??ﬁé’é‘@(é‘é‘%ﬁéﬁ%a}é%m%se, a Streptococcus pyogenes phage recombinase, a
Bacillus subtilis phage recombinase, a Mycobacterium tuberculosis phage recombinase and a
Mycobacterium smegmatis phage recombinase, provided that the first recornbinase polypeptide and
the second recombinase polypeptide are different. 22.The method of claim 21, further comprising a
fifth recombination site and a sixth
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recombination site and a third recombinase polypeptide, wherein the third recombinase polypeptide
can mediate recombination between the fifth and sixth recombination sites, provided that the third
recombinase polypeptide is different than the first and second recombinase poiypeptides. 93.A method
for site-specific recombination, the method comprising: providing a first recombination site and a
second recombination site; contacting the first and second recombination sites with a prokaryotic
recombinasaadypemtds; resulting in recombination between the recombination sites, wherein the
recombinase polypeptide can mediate recombination between the first and second recombination
sites, the first recombination site is attP or attB, the second recombination site is attB or attP, and the
recombinabe is sélestierfombiraingstipeenErstrybintiosie assrebeyedgBRasBRage recombinase; a

Streptococsuspyegenesahagaracotobinase, amasiiusisubilisphageresombinasada Mycobacterium
tuberculosis phage recombinase a .Mycqgbacteriunt smegmatis phage r comFinase, provided that
when the S D eh B e B ot ate s atP,
and when terefibstassaoibipidiorraltaehmepaiisaicon bR watidhsacepiobreiomiiipatidareitdfchment site is

attB, 74.A xgetviiN-Siteshaadicinraralionaimpainuciestide seauanrsa e ihamanamne of an
isolated eukaryotic.cell, said vector comprising a palynucleotide of intﬁrrgest, _an& a%>second
recombinall& SO ST URE LI SA S GRE FeCBIRBIn S SNEE B AR G Ebmprises a
poly-nuclebtiderisegmence ¢brattrieston bireknwitisite fiegBrebo nebina ticnorabibe brrettB isitgBerpg@udo atzr or

pseudo atigsite. inhe.genonechspidiselated ctikanvaticoes it and said ses0mmhingliop occurs in the

presence of a sjte-specific recornbinase selected from the group consijsting. of a Listeria
monocytod EHEY P& e FeRBIFS AR 4 SRR B rﬁffoé@r‘f&%l’b“rféféfé”r?e“@&%‘?ﬁfﬁ%@@}%s%éci||us
subl/ills phd¢ersemmbinase;caldy cbhectedmmntsb end ulbsiw bhagemeoeginiasmgand a Mycobacterium
smegmatis Ahage Jecomiinase: RiRvidedithatoyhen e rsteconshination sites.aiB or pseudo attB,

the second recombination site is attP and when the first recombination site is attP ofzzé%seudo attP, the
second recBiigtHR Srshmephaite sernand So bt UsirconiRtionatgha RS Bifdsd™ selected

from the greuwmeansistingtioh améinkBirétcomidnase, a SF370.1 recombinase, a SPf3c2 recombinase, a

612.v1 rec?.mbin%gfe%'ag i%r%é&hﬂ?gc&mgjgﬁﬁgteoombmaﬁon in a eukaryotic cell, the method
comprising: providing a eukaryotic cell that comprises a first recombination site and a second
recombination site; contacting the first and second recombination sites with a prokaryotic
recombinase polypeptide, resulting in recombination between the recombination sites, wherein the
recombinase polypeptide can mediate recombination between the first and second recombination
sites, the first recombination site is at/P or a#/B, the second recombination site is a pseudo attachment
site, and the recombinase is selected from the group consisting of a Listeria monocytogenes phage
recombinase, a Streptococcus pyogenes phage recombinase, a Bacillus subtilis phage recombinase, a
Mycobacterium tuberculosis phage recombinase and a Mycobacterium smegmatis phage
recombinase, ,
3. The method of claim 1 or 2, wherein the recombinase polypeptide is selected from the group
consisting of an A118 recombinase, a SF370.1 recombinase, a SPBc2 recombinase, a Rv1
recombinase, and a Bxb1 recombinase.
4, The method of claim 1 or 2, wherein the recombinase-encoding polynucleotide is operably
linked to a promoter which mediates expression of the polynucleotide in the eukaryotic cell.
5. The method of claim 1 or 2, wherein the recombinase polypeptide is introduced into the
eukaryotic cell by expression of a polynucleotide that encodes the recombinase polypeptide.
6. The method of ¢laim 1 or 2, wherein the recombinase polypeptide is introduced into the
eukaryotic cell as a polypeptide.
7. The method of claim 1 or 2, wherein the recombinase polypeptide is introduced into the

eukaryotic cell by messenger RNA. that encodes the recombinase polypeptide.
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26. The vector of claim 24, wherein the polynucleotide of interest is operably linked to a promoter
which mediates expression of the polynucleotide in the eukaryotie cell. 27. A eukaryotic cell that
comprises a prokaryotic recombinase polypeptide or a nucleic acid that encodes a prokaryotic
recombinase, wherein the recombinase can mediate site-specific recombination between a first
recombination site and a second recombination site that can serve as a substrate for recombination
with the firs§ recormhinading steawhesein dherfirstheasempingdinsositensiattiRnNeande.aitHeattB or
pseudo att% 1the second reco blngmon Slt%ls aItQD%i eudo attB, attP or pseudo attP, and the
recomblnasee G B e R OIS %U% %%ns@?ng a Listeria 7110110CytOgenes phage

recombinage, a Sﬁem@eémt@ywwwmﬁéémlnatgblyalﬂ’acﬂithﬁ@slybtlﬂsqmdawmmbinase, a

Mycobactetiumdiae W%é&ghag@du@ﬁgmﬁs&n@@a@mewx@q&aﬁ%@ uen smegmatisahage
recombinase, provided t f?t wh%n the fjrst re omtflnat |te is attB, the secon recombination site is

attP or pseff&SnéWtWh‘g He i<t e SORBIEG SR Gt Fso tbsecﬂalgrésﬁﬁa YL ARG EEBIRAtion site is
attP, when &b@ﬁﬂs@q@mmbma#@mlsﬂ@lsfatt@ldthmts@mue@@m@mamnrmecimmﬂwsp%udo attB,

and when t%ﬁ'é?&&ﬁ&%?%‘@ iRatign.site JsReHED AttFmthe RecantdLecambination site 4satR. 28, The

eukaryotic cell of claim 27, wherein the recombinase polypeptide is selected from the group consisting

of an A118TEEHIHERFAEEnaiArsFET B gLyt S EInAleB il A% s SRrIFaeSHSbinase, and a
Bxbl recombilaasé fr@f 1ha methacddetithefsitesspecifivintegeationak acpohtinste athdeaf dverest into the

genome of AAASAANE subiesh,uheseIn RRId ARNoE SAMALSES. & st fsombnalion sl or auP e

or pseudo or pseudo attP site, the method comprising: introducing a nucleic aci t comprises
the po|ynud}é@&?&@%ﬂﬂf@f&%ﬁ@f%@éfﬁﬁ&ﬂf@é@%ﬁ%ﬁ%ﬁ%ﬂ@@%@ Ripaided Haictibay the ekt and the

second recesxuibatiaonsiiesswilb, ehpsaka/eticnBanichinase,pphiieptidahyher eicothenrgicariinase
polypeptlde c%@%%%lg% glte%o%%(%mggnre orsncll:%%gatlon between the first and second recombination sites,
and the recomf)lnase is selected from ﬁw group consisting of a Listerta monotytogenes phage

recombinasé; a StaptioddeieliBiehadpralifcrt dorilinasblydraiRdslyputispdasuerembinase,

a gycobactetiumritisbereasis nhaghiRebinastand awAlyaobaserinspagmatis phage

recomblnase (p vided that wr n,the III’ t rec omb at| n SI |s attB or seudo. attB,.the second
gma 101} Eseud chm T e1e1n Cé 1 e c 13€8 4 NUC elc af% eﬁélence
recomblnatlon site Is a fifst tecom Oh Site 1S atte of pseu the second

recombinatiod %ﬁ@@gdemslm@@?ﬂqliélﬁfﬁm@@f’ﬁ@Imcwﬁwmt@ﬁﬂﬁ@n@%wﬁgmgwpmmmde is

selected from-thagroMpreaRaisiBeBiAR Al E-rae0 MhiRastrea-85iRh & Wé}@i&@% rRediii3C2
recomblnase a 4,Avl recombinase, and %;?bl recomb ase 31 An |solat ‘SJP nu leotide sequence
0

ARRSE AREIRAE SR MR Re Tt?]mﬁd%?éﬁ:né{:e& 8% HEAESBRIGER from the

comprising anh aci IS a easf1
group consistirtgbfiSE Oel DOM@OIIL%@E@DM N3 BEQERNOPIBSEQ@DING, i Saad@eeexdD NO: 9;

wherein th%ﬁl&é@l@i&ﬁ%@ R@&ﬂﬁﬁ&@?'@@é&ﬁu@féijwﬂv phage recombinase, a Mycobacterium tuberculosis
phage recombinase and a Mycobacterium smegmatis phage recombinase,
11. The method of claim 9 or 10, wherein the recombinase polypeptide is selected from the group
consisting of an A118 recombinase, a SF370.1 recombinase, a SPRc2 recombinase, a dRv1
recombinase, and a Bxbl recombinase.
12. The method of claim 9 or 10, wherein the recombinase-encoding polynucleotide is operably
linked to a promoter which mediates expression of the polynucleotide in the eukaryotic cell,
13. The method of claim 9 or 10, wherein the recombinase polypeptide is introduced into the
eukaryotic cell by expression of a polynucleotide that encodes the recombinase polypeptide.
14, The method of claim 9 or 10, wherein the recombinase polypeptide is introduced into the
eukaryotic cell as a polypeptide.
15. The method of claim 9 or 10, wherein the recombinase polypeptide is introduced into the
eukaryotic cell by expression of RNA that encodes the recombinase polypeptide.
16. A method for obtaining site-specific recombination in a eukaryotic cell, the method
comprising: providing a eukaryotic cell that comprises a first recombination site and a second

recombination site with a polynucleotide sequence flanked by a third recombination site and a fourth
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32. An isolated polynucleofide sequence comprising the nucleic acid sequence selected from the
group consisting of SEQ ID NO: 1, SEQ ID NO: 3, SEQ ID NO; 5, SEQ ID NO: 7, and SEQ ID NO: 9,
33. An isolated polynucleotide sequence comprising a nucleic acid that is at least 90% identical to the
nucleic acid sequence selected from the group consisting of SEQ ID NO: 11, SEQ ID NO: 13, SEQ ID
NO: 14, SEQ ED NO: 15, SEQ ID NO: 16, SEQ 1D NO: 17, SEQ ID NO: 18, SEQ ID NO: 19, SEQ D
NO: 20, angdSmeHRohl &Xe Z2bnt234n g\t isotateqiotysitclettid ersegyenceoabipaisingthetiddcleic acid

sequence selgeied 1o SioMR cOnRIROAAER DN, SEQDNDL 1 SEQIRNO: 14

SEQ ONO: 15 D NO: 20,
and SEQ I EQEO@BH%&HQ@%?@WWWHE%@W%%%B@W&B%b?%ﬁb@sfﬁ@lﬁ@é‘ﬂéq@%ld sequence
selected fregeothegroy pmnﬁésﬁuggaﬂﬂ sa)oadnﬁmﬁf&mﬂdqsewmﬁpthe&zﬁmM&@a&Pﬁ{M.

recombma‘c’(_:‘ccnb 1ia %%Ise1 gs%%qz PgHe E %te?‘gc%%q Tade icé'lge 7(%6% S ebglrQ)up 'consisting of a
Listeria monocytogenes phage recombinase, a Streptococcus pyogenes phage recombinase, a Bacillus
subtilis phage recombinase, a Mycobacterium tuberculosis phage recombinase and a Mycobacterium
smegmatis phage recombinase, provided that when the first and second recombination attachment
sites are a#/B, the third and fourth recombination attachment sites are a#fP, and when the first and
second recombination attachment sites are a#/P, the third and fourth recombination attachment sites
are attB.

17. The method of claim 16, wherein the recombinase polypeptide is selected from the group
consisting of an A118 recombinase, a SF370.1 recombinase, a SPBc2 recombinase, a ¢Rv1
recombinase, and a Bxb1 recombinase,

18. The method of claim 16, wherein the recombinase polypeptide is introduced into the
cukaryotic cell by expression of a polynucleotide that encodes the recombinase polypeptide.

19, The method of claim 16, wherein the recombinase polypeptide is introduced into the
eukaryotic cell as a polypeptide.

20. The method of claim 16, wherein the recombinase polypeptide is introduced into the
eukaryotic cell by messenger RNA that encodes the recombinase polypeptide.

21. A method for obtaining multiple site-specific recombinations in a eukaryotic cell, the method
comprising: providing a eukaryotic cell that comprises a first recombination site and a second
recombination site with a third recombination site and a fourth recombination site; contacting the first
and second recombination sites with a first prokaryotic recombinase polypeptide, contacting the third
and fourth recombination sites with a second prokaryotic recombinase polypeptide, resulting in
recombination between the first and second recombination sites and recombination between the third
and fourth recombination sites, wherein the first recombinase polypeptide can mediate recombination
between the first and second recombination sites and the second recombinase polypeptide can
mediate recombination between the third and fourth recombination sites, the first and second
recombinase are selected from the group consisting of a Listeria monocytogenes phage recombinase,
a Streptococcus pyogenes phage recombinase, a Bacillus subtilis phage recombinase, a
Mycobacterium tuber'culosis phage recombinase and a Mycobacterium smegmatis phage
recombinase, provided that the first recombinase polypeptide and the second recombinase
polypeptide are different.

22. The method of claim 21, further comprising a fifth recombination site and a sixth

recombination site and a third recombinase polypeptide, wherein the third recombinase polypeptide
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¢) a nucleic acid sequence that encodes a Bxbl recombinase; d) a nucleic acid sequence that encodes
an A118 recombinase; and e) a nucleic acid sequence that encodes a tliRvl recombinase.

can mediate recombination between the fifth and sixth recombination sites, provided that the third
recombinase polypeptide is different than the first and second recombinase polypeptides.

23, A method for site-specific recombination, the method comprising: providing a first
recombination site and a second recombination site; contacting the first and second recombination
sites with a prokaryotic recombinase polypeptide, resulting in recombination between the
recombination sites, wherein the recombinase polypeptide can mediate recombination between the
first and second recombination sites, the first recombination site is affP or a#B, the second
recombination site is ¢#/B or ¢#fP, and the recombinase is selected from the group consisting of a
Listeria monocytogenes phage recombinase, a Streptococcus pyogenes phage recombinase, a Bacillus
subtilis phage recombinase, a Mycobacterium tuberculosis phage recombinase and a Mycobacterium
smegmatis phage recombinase, provided that when the first recombination attachment site is a#/B, the
second recombination attachment site is a#P, and when the first recombination attachment site is
atfP, the second recombination attachment site is a#/B,

24, A vector for site-specific integration of a polynucleotide sequence into the genome of an
isolated eukaryotic cell, said vector comprising a polynucleotide of interest, and a second
recombination afB or atfP site, wherein said second recombination a#B or a#P site comprises a
polynucleotide sequence that recombines with a first recombination a#P or azfB site or pseudo a#P or
pseudo atfB site in the genome of said isolated eukaryotic cell and said recombination occurs in the
presence of a site-specific recombinase selected from the group consisting of a Listeria
monocytogenes phage recombinase, a Streptococcus pyogenes phage recombinase, a Bacillus subtilis
phage recombinase, a Mycobacterium tuberculosis phage recombinase and a Mycobacterium
smegmatis phage recombinase, provided that when the first recombination site is a#¢B or pseudo a#tB,
the second recombination site is a#/P and when the first recombination site is a#fP or pseudo at/P, the
second recombination site is at/B.

25, The vector of claim 24, wherein the recombinase is selected from the group consisting of an
A118 recombinase, a SF370.1 recombinase, a SPP¢c2 recombinase, a $Rv1 recombinase, and a Bxbl
recombinase. ‘

26. The vector of claim 24, wherein the polynucleotide of interest is operably linked to a
promoter which mediates expression of the polynucleotide in the eukaryotic cell.

27. A eukaryotic cell that comprises a prokaryotic recombinase polypeptide or a nucleic acid that
encodes a prokaryotic recombinase, wherein the recombinase can mediate site-specific recombination
between a first recombination site and a second recombination site that can serve as a substrate for
recombination with the first recombination site, wherein the first recombination site is a#P, pseudo
attP, at'B or pseudo atB, the second recombination site is B, pseudo a#fB, atfP or pseudo atP, and
the recombinase is selected from the group consisting of a Listeria monocytogenes phage

recombinase, a Streptococcus pyogenes phage recombinase, a Bacillus subtilis phage recombinase, a
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Mycobacterium tuberculosis phage recombinase and a Mycobacterium smegmatis phage
recombinase, provided that when the first recombination site is a#fB, the second recombination site is
attP or pseudo arP, when the first recombination site is pseudo a#/B, the second recombination site is
attP, when the first recombination site is a#P, the second recombination site is a#/B or pseudo at/B,
and when the first recombination site is pseudo a#fP, the second recombination site is a#B.

28, The eukaryotic cell of claim 27, wherein the recombinase polypeptide is selected from the
group consisting of an A118 recombinase, a SF370.1 recombinase, a SPfc2 recombinase, a ¢Rv1
recombinase, and a Bxb1 recombinase.

29, A method for the site-specific integration of a polynucleotide of interest into the genome of a
transgenic subject, wherein said genome comprises a first recombination a#B or atfP site or pseudo
attB or pseudo aifP site, the method comprising: introducing a nucleic acid that comprises the
polynucleotide of interest and a second recombination atfP or at/B site; contacting the first and the
second recombination sifes with a prokaryoﬁc recombinase polypeptide, wherein the recombinase
polypeptide can mediate site-specific recombination between the first and second recombination
sites, and the recombinase is selected from the group consisting of a Listeria monocytogenes phage
recombinase, a Streptococcus pyogenes phage recombinase, a Bacillus subtilis phage recombinase, a
Mycobacterium tuberculosis phage recombinase and a Mycobacterium smegmatis phage
recombinase, provided that when the first recombination site is a#fB or pseudo a#/B, the second
recombination site is a#tP and when the first recombination site is a#/P or pseudo atP, the second
recombination site is azfB.

30. The method of claim 29, wherein the recombinase polypeptide is selected from the group
consisting of an A118 recombinase, a SF370.1 recombinase, a SPBc2 recombinase, a Rv1
recombinase, and a Bxb1 recombinase.

31 An isolated polynucleotide sequence comprising a nucleic acid that is at least 90% identical
to the nucleic acid sequence selected from the group consisting of SEQ ID NO: 1, SEQ ID NO: 3,
SEQ ID NO: 5, SEQ ID NO: 7, and SEQ ID NO: 9, wherein the nucleic acid has recombinase
activity.

32, An isolated polynucleotide sequence comprising the nucleic acid sequence selected from the
group consisting of SEQ ID NO: 1, SEQ ID NO: 3, SEQ ID NO; 5, SEQ ID NO: 7, and SEQ ID NO:
9.

33, An isolated polynucleotide sequence comprising a nucleic acid that is at least 90% identical
to the nucleic acid sequence selected from the group consisting of SEQ ID NO: 11, SEQ ID NO: 13,
SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 18, SEQ ID NO:
19, SEQ ID NO: 20, and SEQ ID NO: 21 '
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34. An isolated polynucleotide sequence comprising the nucleic acid sequence selected from the
group consisting of SEQ ID NO: 11, SEQ.ID NO: 13, SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO:
16, SEQ ID NO: 17, SEQ ID NO: 18, SEQ ID NO: 19, SEQ ID NO: 20, and SEQ ID NO: 21.

35. An isolated polynucleotide sequence comprising the nucleic acid sequence selected from the

group consisting of:

a)
b)
c)
d)
e)

a nucleic acid sequence that encodes a SPPBc2 recombinase;

a nucleic acid sequence that encodes a SF370.1 recombinase;

a nucleic acid sequence that encodes a Bxbl recombinase;

a nucleic acid sequence that encodes an A118 récombinase; and

a nucleic acid sequence that encodes 2 $Rv1 recombinase.
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