WO 2011/ 056148PCT/ SG2010/ 000424 MJTEI NS OF THE BACTERI OPHAGE LANMBDA

| NTEGRASES FI ELD OF THE | NVENTI ON [ 0001] This application clains the
benefit oWopoilorsstsag of Singapore patent application No. peOGSATHNBe44 fil ed
6 Novenber 2009, the content of which being hereby incorporated by
reference in its entirety for all purposes. [ 0002] The present
invention refers to nuteins of the bacteriophage | anbda integrases and to
nucl eic acid nol ecul es conprising a nucl eoti de sequence encodi ng such
nmut ei ns of the | anbda integrases. The invention further refers to host

cel I's cont ai ni NJUTEINS ©F THE BACDERIOPHAGRI/AMBDA INTEGRASESIe sequence
encodi ng such nuteins of ‘the | anbda integxases. The invention also refers
to methods of reconbining nucleic acids of interest into target nucleic
acids in the presence of theFIRLBIOBETHE INNENTIO®Ra | nt egrases, as well as
sequence specific reconbination kits. BACKGROUND OF THE | NVENTI ON.

[ 0003] Controll ed genone nodifications are well-established nethods for
studyi ng t hd0§Qihdhisappliyation cigme e kenglirforionity p%mgamrfgmwm qBplicetien Nee of
DNA T ecpbyR3sas dibd 8Co0anSdCaTRN R LA [l BSHERERNS BefRoaA )
tools for controlled genong no icatlons reco nase yze he

cl eavagefesande m}mﬂraugfmfﬂllphhﬁoosd:sr ands between two identifi ed nucI eoti des or
reconbi nat i ences. The recopbi nases .whi eraII sed for the
o pul at 1 onOWET i Bresss EVGUIBHEL TS0 priinet e risr o enda b gicazses

fam |y sdGgh nasleic’Rid RoRibles 360pRAding BhubR6{i®! sRQRARGnEIdiRd SudRi RuteRs @fihNase
fromyeast. [ 0004] hbtabf the Cre and Fl p reconbi nases have been
devel oderab%méﬁgpa@% rT#Imm‘feaaP% ﬂfrélt?r refersttp hgstesells spmpining i wiflei¢ pef malepuls si on
and trap s b 4081 W EOBR Qﬁ&ﬂ‘ﬁﬁfh&s%‘i"t}§e GEBRLEde el SHOTRIAAL On
target si al so reter to as ognate Si't However’, the nani pulation
of genacwssrefeirs to tnh@ml} ef saedmbinmg eunmblamdseﬁ mtelspteiotd ta@ey pueihlomlds in the
significant di nta&gﬁbl H%’ g on suc Hﬂ C?HQIn |on of
two tabd&M T ?‘8& “Foxp e arre ¢ e&ﬁé‘?s a%‘(“f’ & f‘eﬁ“%{“&&%’ ¥ ref‘HB R f°
irreversible | oss of the DNA segnent |ying between the tanden1repeats

Thus, a gene located on this DNA seagnent nai llji‘(];Ferrmnently | ost to the

cell and the organi sm TRACKGRO OF JARINVENTION of the ori ginal state
for a new ar[@d%?@%n@&ll@?exﬁﬁﬁ%ﬁ&iﬁ%ﬂdﬂ@ afe GrellleStaBlidhBd ShetklR &b E’tﬂ&% % Stage
of the organi smwould ossi ble. The WD 2011/056148PCT/ SG2010/ 000424
i r r evoduidtion(sp 9§ spricifichgenepiin béglmgamm dihebyse @€ IBY A gpcombynases dmmdedheby

i nver si e \Y n t e

| nver oiiimistiesCef BARGER} G ReeR Ry of, HERSADRin MREHUALEE BYA"

devel opem@mitdhases agelyee ther cldaeagedand rqnmmag obDNRasteand$ batvtzee medwy idegtifial ed
expressi o Eﬁ the recanbinase via ck-reconbi natj.on. Fbmevag} ge use of
bot h Fl";‘}cgﬂ €U TEBBrns auenre hfRe Frsampinatesnihifl ¢ generally’ wied fav it age
that t hgadipi&iohi &N cOaNHe LR0hRY Uk Fr&dnPBelbhE 6 QH&HE’Rég}Qée' faﬂugegieﬁn&seere/w I

not be altered as a result of the reconbination event.
recombinase of the bacteriophage P1 and Flp recombinase from yeast.

[0004] Notably, the Cre and Flp recombinases have been developed into powerful tools
facilitating excision, integration, inversion and translocations of DNA segments between their
respective recombination target sites (also referred to as cbgnate sites). However, the
manipulation of genomes with the Cre and Flp recombinases respectively, shows significant
disadvantages. In case of deletion such as the recombination of two tandem repeated loxP or FRT -
cognate sites in a genome, there is an irreversible loss of the DNA segment lying between the
tandem repeats. Thus, a gene located on this DNA segment may be permanently lost to the cell
and the organism. Therefore, the reconstruction of the original state for a new analyses of the

gene function e.g. in a later developmental stage of the organisin would not be possible. The



[ 0005] Furthernore, in the case of Flp reconbi nases whi ch have reduced heat
stability at 37C, the efficiency of the reconbination reaction is limted

i n hi gherwoukavoget48s, for exanple in mce. Therefore, FPpTISGRoINMASes have
been constructed having higher heat stability than the wild type

reconbi nases. However, these nutant Flp reconbi nases still show | ower
reconbi nation efficiency than the Cre reconbi nase. [ 0006] The use of
both Cre and Fl p reconbi nases can be used to integrate a desired DNA
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e imsisabieI5ss oS BETISA, emntrbie Gy TSRO BN 4 trgide g Sion ot i g

be oI eegR6liveaNA depbnt Al genk aRGtbeQuctiSatb@B§ bl irvelidnwitkiaut beink Lost ardicsiay i ng
cognate sites in the eukaryotic genone. Therefore, the absence of

endogerhsuvitshehback again aba jaterdevelapmental gags e i the aduli gnimakiey meansofadimely be
stably ﬂe@hm&’ Ue5idss fd?{ SU@b ré‘dohl%%{cfsé YRR WD bHEATR! H&Lé&? t8$ ufk of BB ©

enbryoni© stem Cells, o by random i ntegration.
pr e- detandrfiraectombinasesi ig. this emndaficeivatthed has tﬂmaldg;ed‘enitalgamap l;Heatlvctmoﬂnyannot be

site-speci.fi conbi nation reactions 07] A ial s rateyto
over coBEHHPS o T TRPRBafan FERBHRsE Mol nof deHisTHates Rabl iof 3he Brabich
specifigkeht €es. To this end, Cre reconbi nase vari ants have been descri bed
that are able to specifi caI I y reconbi ne novel target sites and excise
proviral gerl8MSd Forherspen indhagage phFipapqeanbinaseswhich havq sduged beatctabilityphage
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genoni ¢ sequences as reconbination target sit er approaches include
chi ner imicenEhemeferec dippracenhipasds have deanbinstrsaed barang highseheat stabilityc thian ige r
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genomi C‘remlﬁktid)meﬁiﬁ&rfcgnﬁhnhhe@kefee@flﬁiiﬁ&t anot her strat egy for achi eving
di rected gene repl ace 512 £n5| de eukaryotl c cells The use of
| anbda i nt edPO0 s ase plebath Ly Pt‘?foé}hl%%gﬁ%breé@%trodﬂte%lmc
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Int-h 011/ 056148PCT/ SG2010/ 000424 and its derivative Int-"h1218

(E 74@@% Iﬁ)tCMGCUﬂﬁeeﬂcoeiéBWlODeHO‘aﬁwr,v@ mouklhamoregiesizabdd thaethis reaction is

i nter & at | I t nt | h
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Al t hougibsérte oﬁéﬁk@ﬁﬂﬁs@bg&tmmstm nmﬂﬂmn@nhmv-;eummralhmthb@ torbersezbdye t he
r econbi.nat f core es b Int-h1218 in vivo, givep the absence of an
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cell lines in a controlled, H@grodum bl e fashi on. [ 0009] Therefore,

there riafnipyation byeslg- speriBncambination ®Aonst egr ases having great er
ef [ clency s DERbEhed Sately RRbRrdh ﬁaléfhﬁlﬁamg d b ﬁ&ﬁmmme@%th

reactions. | S nee nmut el ns O e present
i nvent i ateredrsite speificitise$o tISHRMAGRYe @%oiﬁblﬁlabét\hof&l‘dﬁtsm‘dve been des@bkd Jthat reoabde

aspect,, the enti o rowg tein of. the | anbda in q(ﬁ?ﬁws Pr ot

Accoss BrPRNELY by Sikdizen S Rl stint B Reomiy PR arg Pl il a
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natural am no acid sequence of the | anbda integrase as set forth in SEQ ID

NO 1 ithatnytilize agtive genomic sequences as recombination target sites. Other approaches include
chimeric enzymes comprising of a recombinase domain fused to zinc finger modules with
defined DNA binding specificities. Site-specific zinc finger nucleases that stimulate homologous
recombination at the site of an induced genomic DNA double strand break represent another
strategy for achieving directed gene replacement inside eukaryotic cells.

[0008] The use of lambda integrases has been subject to extensive research for catalyzmg

site-specific DNA recombmatlon For example, two mutant lambda integrases, Int- h (E174K)



[0012] In another aspect, the invention provides a nucleic acid nol ecul e.
The nucl eic acid nolecul e includes a nucl eoti de sequence encoding a nutein

as descriWwotoHNSYRS [0013] In a further aspect, tRETISGReN000GI24
provi des a host cell. The host cell includes a nucleic acid nolecule as
descri bed above. [0014] In yet another aspect, the invention provides

a nethod of reconbining a nucleic acid of interest into a target nucleic
acid. The nethod includes contacting a targeting nucleic acid conprising

of . mivdi it S BuR pBSIR pAER R G B St Bl BEDE e

i nvent iipRrpslesilsascomisfMisareRtispesilédscas &foieinnas the Bottéspondif€iniaoledglarides
a targeting . nucleic acid into which a nucleic acid of interest can be
i nser t deCOBfpRtionFEACHPRS Mchumancgellp iithoygly he presence phprmpsitersegussceshaye been

i nvent i @Bwh %o intkdabehedeSmibiRadn dF dohesifed |b!qu-ﬁk91§i% gz‘vJ),eéjvéjleﬁig b&htO8r aNd
with reference to the followng brief desCription of the draw ngs. DETAI LED
DESCRI RFBOSitOfn THE huieENTInONe] Og-oftibinktien peations ocewemt hemcogatsasited ionart he
surpri si_ng,.f, ndi t hat t he,nut eins .as,. 011/ 05614 T/ S&2010/ 009424
dosor i BETHHAE Fare gilatrg I oS A€ HitAERY O e RES SRR ITSE 1 'Br QPP Ency
bet weenepodudilg fidhivnsi t es of interest. Such nmuteins can thus be applied to
enl arge the tooITgpx for controlled genone nani pul ati gns. The nutei ns as

descri bed hdP¥%h Taeefop.sthetss BmAinga 1eed de frginegomitiant dhtegiassipiayinghgifates ed
for in offidibmyGh@Shdieicty éﬁgﬁawﬁg_@.ﬁé §fdc ﬁqgelb%b%naﬁon reactibf018] In the first

aspect, theré Is provided a frutein of the lanmbda I ntegrase (Sw ss-Prot
Accessi on NUIGGEN ThE3red)s saived biy theamutemg of therpsessht inventigniandthgiziudesr esi dues at
sequence positions 6 to 41, 43 to 63, 65 to 98 and 100 to 168 of the

natural am no acid segmﬂdﬁgdﬂﬁmwbggrase as set forth'in SEQ ID

NO 1 is nutated. In this context, the nutéeins as described herein display
si gni fi cant [[Q0dhhapoedpeacthrinveat oroprozides & intuyeinnf the fonmbdaogtegtase (San gpeRroONA

. Fi 6).. le, th t.ei di spl ays. .up t
about | Susebripn NurthaDa o Rt af Fesh on i OF eipins SR EHESHET s B BSURE ( See
Fi gur e ¢Md) 41, Wiero[ 63, @Bttal9gemdyrme @essr dfhel na@rdiahihehad Seq@nddof the 1aMb& N

(I'nt-h1218) bearing two activating mutations (El 74K/ E218K) in the
cat al ytinesias @ sgbleghan SEQIRNDahbdauietétlegr ase previ ously descri bed.

[0012] In another aspect, the invention provides a nucleic acid molecule. The nucleic acid
molecule includes a nucleotide sequence encoding a mutein as described above.

[0013] In a further aspect, the invention provides a host cell. The host cell includes a

-nucleic acid molecule as described above. _

[0014] In yet another aSpect, the invention provides a method of recombining a nucleic
acid of interest into a target nucleic acid. The method includes contacting a targeting nuc;leic acid
comprising the nucleic acid of interest with the target hucleic acid in the presence of a mutein as
described above. .

[0015] In yet a further aspec't, the invention provides a sequence specific recombination
kit. The kit includes a targeting nucleic acid into which a nucleic acid of interest can be insérted,
and a mutein as described above.

[0016] The present invention is further described in the following detailed description

and with reference to the following brief description of the drawings.

DETAILED DESCRIPTION OF THE INVENTION

[0017] The present invention is based on the surprising finding that the muteins ‘as
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[0019] In this context, nutations present in the nuteins described herein
may conprise any mnutations such as substitutions, deletions and al so

i nserti orwoab1tydsel4fat ural ami no aci d sequence of the | arbdsaGom®gease as

|l ong as the resulting pol ypeptide folds into a three-dinensionally stable
structure and shows the desired (enhanced) reconbination activity (see for
exanple Fig 10). The nuteins described herein nay conprise conservative
and/ or non-conservative mutations. Exanples of possible nutations are
conser el variatio on s the substitution
of "an drenRbeBplo e Rl el AR Fosbinint SRRy hRMRAR PPURCEHS he
above, sitbeof infdpsta Suoh agitdfecdBuChniypliee thBﬁl&%b @itStooBbixNfoR SortRINEE g¥iRInhe/ ©
mut ati ons, outside of the regions as nentioned above. Such conservative
subst i tAniRIHations.e The BiREFiRso2s drserbedrhessin are plso usefub py reagentsviopls, den exgeple
subst i t‘%elnqlggd }ge;,y\ﬁg;g Clomngagfqi@wgene&eg r#}@ductté‘r eoni ne, 2) aspartic-acid and
glutam c acid; 3) asparagine and gluta 4)- argi nine and |ysine; 5)

i sol euci ne, lﬂiﬁl&tlhmd}e faret dspentj there iy ptavided aomutes) ofphetayrﬂdhamtsgrese (Bwsssl?rne

t yropt ophan.

vy B RS en N umer 28 D oisfein BT RES G B G RS sy

m et i & toh4it, 43a0 43¢ 66 6 MBP@dat0BCkol mcbfach@@hmmraimﬁtea&w sadquentd 6etheamdbda
Accordi.ngly, the 05|t|veI¥U§harged am no acid residue at position 61 can

for exdhfsE@seassReorBdn SEQIDNGY | {5 mrtatety Indis spntay. e inptyipsisglrecribed herein

posi ti vgldoyayChatigedhuyG@hnRBN et hitfod! actidioh! LRS- é&gh'ateat%r%f HNAU R€quRhce

| ysine or @ non-natdral mnetic such as a 1ysine residue tthe a-am ho group
of whi dbeci Eigatekyt anéd)i sorniexampley thel thuteifsqdaplagy martp) atmutrirfoldrinsedased WO
2011/ 05614 / SG01 /000 24 ha rngnent ,.positive .

0021 TROURLCR AOAPHBAT e beftltd S SEE BRGNP The RS TURRRe foogahigh i ses
a mut athefdin ffergito Arehsmumihe(lm‘ h/lzhse) b&ammg)tvaﬁadvmeg xﬂueﬁoxat(Esmuemn&K)nﬁshd i ons
6 to 36, ? to 30, 6 toiﬁ \ q) 0] 6 ta %ﬁ 6 to 10, 10 to 41, ‘16 to 41,

22 to Fitalys cprs dpmaingef the aaridaz@rgesrase@fewgu vdesgribed- 1 o 48, 46 to 63, 51 to
63, 56 to 630015? If ®hi$3ontbR, kfdtalidns Fasdn® iBehe @ABtel? BCbribB® htRin/May @5mf)ﬁse69

71 to 98, 79 to 98, 86 to 98, 92 to 98, 100 to 160, 100 to 151, 100 to 144,
100 t o apgmutadenst wich 39, subgiutiensy deletianyoandoalsq dnsertgms tof the Maturagamigo 68T 119

to 168, : 3 : t 8 5 : al

ani no_ SSPeL B 480 larkilh kgl o fite & MO ARk b1 Rp AP el S,
[0022] dimersidnelly stableditmetotesand shewsheedasirad Canhainard) teoombimation/anivitpisee for
conpri ses a§nF éé of at |east qne f the amino acid residues gt sequence
posi t i GhEMH )- }f‘f fRtgRs dpserivsd slereipgmay gOIIPTER fosgyatEganqio; Bonsg
63, 10Qoh&rkeiVe mhfdftionS. BubnpldsO8F pd3sibidmuthfibnst fte tdrservhlell QnokiBed PRt 124,
108 to 168 and 119 to 168 of the natural anmino acid sequence of the | anbda

i nt egr dderethe alieration isihe prbstotipmofen anpino acid with e@beiucr b d@langmino acid. In
enbodi t (0] n ons
rE‘aHfél%n 1g th% Ebple, ORE 1% & 618 R0 g%}seq nce O?t ‘ﬁ‘hﬁﬁ“ ngs EnsPRstive

43, 61 and 122 of the’ natura am no acl da 1 ntegrase
as set nmtamdnSJ wtﬁ&@ﬂ the N@iornb aussmqmuomdetbove Such cfiBeaiive substantonsmpokliowant s,

t he amn ue i sal euci 0S| n.43 can be re I ced
o 2T B b e BRSPS PR AR DR D i G0 Bkl 00
one of a@ﬂ%i’ﬁc}”a&idaahdl%luthmfd)ﬁtlﬂe 3pradpdragipé caahag\lutahﬁn@tnearg&ﬁﬁmdhdrapmﬁe, $he
am no aci d reS| due iso| euci ne at se uence position 43 can he repl aced by
pheny! dsAFHcHE, leucine, mqthigping, yalingsind énlvf@diaﬁa@mestyr?w BRORIOPHEBI d resi due

hi stidine atjo@RfidfecemiRSidd AR oikelhelfaP ¥é¥&‘§% QB{y amRfeSicid ¥R danChdEged

am no aci d. The positively charged am no acid can be arginine or lysine. In
ot her éwbodier2or &, fomher tranrrniae aeld megictie thahcat bqjmnrepeztateslenfgerwé'pppisietbyon 61

can be repl.ac y nlne In.sonme,enb @ no
car s e BhAE B AR B0 s posiyal PR B RO SRR, 404y W%
posi ti wahiplehdthge e amhmarallgi dtcurfing g6 tacidekegidabahged ;ﬁ»@iunelyachaﬁgedamdae

arginin
g %ysmloglcal conditions such as arginine or lysine or a non-natural mimetic such as a lysine

residue the a-amino group of which is alkylated in order to yield a (quarternary) ammpnmm-salt



[0027] Wthout being bound to any particular theory, it is noted that the
hi stidi ne at sequence position 61 of the natural am no acid sequence of the
| anbda | rwegrH#s6r48si des in a | oop region identified asPaT{sGRent0@24 swi vel
about which the N-domains can rotate. Therefore, the histidine at sequence
position 61 may act in concert with isoleucine at sequence position 43 of
WO 2011/ 056148PCT/ SG2010/ 000424 the natural am no acid sequence of the

| anbda i ntegrase. This could further inpact on the N-term nal DNA bindi ng
domai n confornation§ drivigg,gllosteric control of the integrase activity.
100281 PHHES ARCENIPENEROSTNE SPFEE herei n having mutations in particularly in
the N-term ned21§oisinie &hbddigehtarthelmuteii KGoANE: @ItRe BIF&A{oAl dodhptisRAh@Biond N

di recting reconbi pase specificity and efficiency. As illustrated in_Figure
9 for &kahAsest oamal he priin acld SRIHE &t SCPENESRASHIONS 61t 3% 010 3Ref 1o 619139, for

H61 of §hg ¥ &), ToR¢h1 @I, 93 J € 303084 BLAJEREE RS b BYUBY 48046 to
DNA." 143 hel'ix’

interact directly wth the armsite resides on an a- _
but t r e$Si hlgtosd3t ho &b 6P amAB bS50 08 - GhatoBi6| €3 toB0s At 72168 té b Xl lb 88,N0tte O8j nal

r espoctieby A%, (0 el sy P BB | BB 8E 0 FARA0RR P v e

DNA t oiapdroottbe 1010836 N8, Nabitx 168, 128 tathsacemto 168, 145 ot 1GB8RAd 150 6el 681 the

i ndi cates that mutation to _the bul ki er phenyl al ani ne._ at sequence position
43 may "BBYYAMIRA 394 pequERes of thelambda wfegedte gf tah fartangEQ IRNGposi ng.
protoner’'s 3od¥2) iothdf iribdEMehtf thai@hfth 4dErath 8 ThE Ry itiohREmpri i aThttation
allosteric rearrangenent so as to license the reconbination of non-cognate
subst r @f etleadt on¢ pf the eommacadid residupoalghqueneapaesitions 48 to il 43P A4S todt8l 4t ne
at sequgn ikl O 2L~ of e t i0 Kong
02" nitdgt LLohae SE SRR o B 1@ TOPROL, 1AL, DAL PRI

r econbitnae4,a08defl 68 amht 19 tbhie8aif aliccnatirdl &hino acidfseqiienke abthe dGaigbdarihtegrascasd at

the N-term pal in for exanple at sequence position 43 of the |anbda

i nt _eg_régtegg]{?gl‘f‘ #@%ﬁ?o}'e in directing reconbinase specificity and
efficiency. [0023] In [BRAR] erhBbdBh&iRE, K/NMBARIJHRNSthet BINILIRI RestfueOlaflisBfheh@ t he
invention may conprise a further mutation of at | east one of the am no acid

r esi du@esitionstl od iod 182 of theorsuralsaniigo pgidgrquenee pbithe danbdsrinicerase adses Ethence

of the,| 3pBdd Ot Y ASGasS set forth in SEQIDNO 1. In this context, it
i s noted"t hat tﬁé %Stlgl ne at sequence position 61 of the natural amno

aci d of the [0024bdasom¢ egbadments, the axiimmhcid oesidueasdialcireadt seqpuepteepositeni 43n

(am no acid residues 64-74) that co cts to.the core-bindi domai n of
Lo | arfBube FIg 4en AURAS BRGO He GRS Hag P5H, <o e sRPPEL doa 1Y
sequengge RFPhthyilafifte, dyrdshie dnat teyabphanl MOothel Embediments cthefantif® atidbsldue

i ntegrase can for exanple, affect the directionality of reconbination to

f avour 1ElRUCHIC3H Sy ceiPRiiEign 48 cephbe replaced bypiwpylalagingone enbodi ments, the

| euci ne resi (AT el ¥ i<t y
[6093] M sGRd gﬁ*ﬁéﬁ“ﬁﬂ&aﬁ‘k ﬂnnﬁ%%i?”re@iﬁ?é BRtiAme Qé/ciu.@n&ﬂids%t oh&d1

charged am no acid residue. er enbodi nents, the positive ar ged
am no rces bduweplaczd biyea posifivelynehargggiogino lanidc dhe positivelp cliargechaminotdeal canttei n

according to the. invention,c rises a. WD.2011/ 056148PCT/ SG2010/ 000424
ot 1 ahsla ot DSink 1 Sick pSHRGA R athind Wi Gaithe BEATAC S RRIE P ETE s 6
to 36, cnbereplicedby argidne.6 to 19, 6 to 14, 6 to 10, 43 to 61, 46 to 63, 51

to 63, 56 tg 63 and 59 to 63 of the natural | m'im_ aci d sequence of the
| anbda i nt eé?%& Ilhgorg%?myqﬁlpﬁntpﬁhsmlqo[gch%esx e lysine at sequence position 122 can

be replaced by a positively charged amino acid. The positively charged amino acid can be

arginine.

[0027] Without being bound to any particular theory, it is noted that the histidine at
sequence position 61 of the natural amino acid sequence of the lambda integrase resides in a loop
region identified as a potential swivel about which the N-domains can rotate. Thereforé, the

histidine at sequence position 61 may act in concert with isoleucine at seqlience position 43 of



100321 In specific enbodinents, at |east one of the amno acid residues at
sequence positions 8 and 61 of the natural am no acid sequence of the

| anbda | rwegra#seas set forth in SEQ ID NO 1 is nutate®CT/SG2010/0p@Q83] I n
sonme enbodi nents, the am no acid residue glutam c acid at sequence position
8 can be replaced by a positively charged am no acid. The positively
charged am no acid can be arginine or lysine. In other enbodinents, the

am no acid residue glutanic acid at sequence position 8 can be replaced by
| ysi ne. 034 n.Sone. e t he nutein [ di

e the ! POt A BeiiFe SRR Bedrhe, TS SoRaCRERR Gl i -

cyst ei nemdhal PN ditkngoduindin ecshfaﬁzau@ﬁs dfivdng amc;steaic cofirsl®f &6 idtegReISHeRy.Of t he
| anbda integrase as set. forth in SEQID NO 1. In this context, the am no
aci d resi dudO@PLiTdr maiteins asdfwrhed hetsin bavine rzetztl%?nn particularly sethe Btegminal

POSi ti Viglhif HEdhe $ntRiY iNReASE Gre gERGRP Rhpdn4AE ¥h &F&%ﬁﬂg%&%fﬁ%@@b@lﬁ‘é@}ﬂa&ﬁ

| ysine or arginine. In sonme enbodi nents, the amno acid residue cystelne at
sequencéfipersiyt Asnllgdatedain Kigure épfoa@wnbly aadgwthone wishing to He0pBBH Hynthswme
enbodi ne ein.of . the.i ventlo ises mu at i,ans

Ceast dihbiiap s T A Nt Rudef HEBb MY B 38 S0 RSP af bR kRl 1o
to 151,dift0y twathlehd, arthOditet DNJAS7I43 ¥&{ddsoonl 30, o-BéMX bitrdsdthg 4 QFred-strabd&d add9 to
168 and 2? W?f th &@ug am no_aci d sequence, of the | anbda integrase as
set forRarlle l¢ N-fermigahiai] thatpigraniewits thegpaprapd mpResiopve plearahi no

aci d regk ‘iﬂ@& &&pe%ﬁ&’él? NRQhO RrafreRO Strdctidre 211Gk gﬁ&tﬁéd 5\b§y H@xh%@bmdwar@sc' d
sequence of the |anbda integrase as set 3fort In NC. i's mutated.

[0036] thaopmsmedielis dif reredmcentHat protosian. Miodeling mdwetm tl@hnwmylonm thechulkier

conpri S8, f n a u ence
poar 11 e hiRG b ReqtonB gb A5 18 MeiPbokNURTHERCE heel AT i 23 REHETEC,
i Nt egr apposing padtorher’d lx-lehix SEQisl MajN@hfldence the dyh4i0i39 Jof 'lfhe Nudrginal aflodtéré
invention may al so conp gll se mJt at Ibon .of at | east on;b-of th %Hno aci d

resi dud§HNBEBHNCE [FodFIHALC 1RFgMoglon b pon-ragnate SYostgigso et

nat ur ala@sighta RGiatlos AGHENERIRS toll QR ideHTREFchdd RE[tRAA2IRAZES off apdflbsfély RIapQ | D
NO 1 é}lnt 2, Figure 10). - [0038] In sone enbodi nents, the am no acid

r esi dudagtedentiage HangsKone 22 ipseiasq bes bom desaribad, e aidant tasgihpwnrfe. be n
this Cqgéo%nan%ﬁ%eﬁ&ghtn'Tﬂgrefotﬁ'nq}fﬁlo%t f%?ﬂsggt Eaﬂﬁ’rﬁ)‘ Jc?djﬂ tﬂ@l% J&%ﬂnglcﬂomam

exanpl e In contact wth hat e bone of the adenine residue
based fdar exanple at mm&l;ﬁﬁﬁbd%f wmmm@mse hoani playn@- &0 iim difectirgy t B

sequence g‘}?‘?‘ﬁ h.c { .| oss of this contact through nmutation to
gl yci né*® f PRI& bé@ﬂ%& }céeflg 'specificity to tolerate the guanidi ne
present at t{0029] BO Siter Gbodindéntd;! thé-inGitdi® atgording to thE GAVERAliot MnayOfEnprise a
enbodi nents, the am no acid residue glutamc acid at sequence p05| tion 134

can be fPebar FaEeionofft jeashene effhe ﬁmgloc%?m griduey ﬁesegﬂe@f%m?setwa’éﬁd a4 ofdhfence

posi ti QRntal4arkiald Ao sésenie! &t e 1hxﬂb&41ﬁ1té’gr5§e”dst %t Prit P SEY AFINIG: Pagempai red
to the guanidine-21 in the attB sequence. is thus found that nutation of

the gl woatski itaisi nptedothgt ghzcl higtidine sfesggeance ppsmpm i6d rof 1B natusal eonrceacidof dit ance
R Y
at seq u:eﬁmf:tspmsahé|oﬁfb-ﬁlﬁ&ngrDN34dmﬁa1ﬁ fo€ tlimlambaih mmgfa@e adidtisaginethe eooflet he
| anbda rlegltor(la gl{l %gglca]arg% sgq?lle}lcrza plor;mog%4 o? tlll\lonatural amino acid sequence of the lambda
integrase can for example, affect the directionality of recombination to favour excision over
integration.
[0030] In some embodiments, the leucine residue at sequence position 64 can be replaced
by a positively charged amino acid residue. In other embodiments, the positively charged amino
residue can be arginine. '

[0031] In certain embodiments, the mutein according to the invention comprises a



[ 0040] In sone enbodi nents, the am no acid residue al anine at sequence
position 154 can be replaced by a hydrophobic am no acid. The hydrophobic
am no aciwocan/dasel4an al i phatic am no acid. The ali phati ®CasiGRa086¢4d4 can be
sel ected fromany one of isoleucine, |eucine and valine. In other

enbodi nents, the am no acid residue al anine at sequence position 154 can be
repl aced by vali ne. [0041] In sone enbodinents, the amno acid

resi due al ani ne at sequence position 182 can be replaced by a hydrophilic

amno acid. T rophi.l,i c am na,acid can be a hydroxyl - congai pi i no
20 . o AR O e e A idieh A sefSorle BRI o P Boft Ao 3

ot her &gaY] s 14,6 oh®, aBkd61,246i 6 3851 HU3, 3bad 6P and 59 S 63 6NHe nRAL] hindd 182
can be repl aced pg t hreoni ne. %OO42£ | n_sonme enbodi ments, the am no
aci d r ssidpgeucgrs el the lambdadefgeieecassekhorth éhSBQIDMA: be repl aced by a

hydr ophobi ¢ (g4 ' T8, ankd kg ] s BN ot-Ta I Lt RhAk]

am no acid. 'Qf‘f?érgf‘?%ﬁgtﬁfc ar%_ no ng%ihagq%:agtngﬁ%%gé e('%l?lgg) ?brlg%sg(?]hfgéhg h&

i sol eugosipns/Bhid, ofghenitnel amihol agidcieneence nf tie hanmbdenbediaseat f forthan 8RN0
acid residuye gl ycine at sequence position 252 can be replaced by | eucine.
[0043]qﬁﬁa§bh§’§ﬁﬂ:§inents, the am no acid residue isol euci ne at sequence
posi tion 2530033 I Sorh& PnbBEdithehiy, the AMERORNO Bdstdue BliROmACAcH atl8guehy&lpoigbi €
am no acid can be an aliphatic am no acid. The aliphatic am no acid can be
sel ect cFapbsieripspd e Rsitivsly fhereed|agmne acidnbhe rasitively, cherged amino asidhensi beent s,
the am ponacidl 1968d AiCoth&OkRbsdiREnAL idPRsldy| : ced
by | ouc EniAE e Lane M kS e 562%1%1?8%%@122‘%1&%1% %3{2;1‘? %Tﬁ%@ r?g?% “E’géegf

t he i npesitipmf cambe feplacérkby lysmpri se a nutation of the anino acid residue

gl utam c aci sequence sition 174 of the patural, am ng. acid s ence
o "t ho. | ampdona 3 SOMETERRRERER(sD Toc, Htu o BrgiRe 1o e N BicR T o Bt
t he MutcemphiseOd nivbionvfahd hmthonayd fedidubeysteinent seyfeePokidibh 262 of tHeh@naal no
aci d resLdue-qutanic aﬁ%gga; sequence position 218 of the natural am no
aci d s@GuRMeRd srauenee 9Mdhn AMRdaiBREER ARt duth PR IPINGES Inphigeontext the ¢ hj s
cont extamifd)Gcid TdiucdGsidcCst! QYEendt YhATdE 268 icth BL rSRALENSCa POSHivelPlhatddl CanN
be replaced by |ysine. The am no acid residue glutamc acid at sequence
posi t i eminl &id grheinositizply sharged pminosacid can be lysing 00 4%)nifth dn semembodiwenss.di ng
to the j nvenii t r | - i syst ens known
to por S R (GRS aRTSE Stk HoRHA AP LB G PR P

sel ection sYy@&I3Spin sehe/embodimentdetht infutdambf die indentiun alsb @amrisas manitionk bf augh

reporter gene activatian or, substrate-I|inked ot ej ol pi i (SLi PE). were
D v odERUoTRE 0 00 oG aSi ER e e ByST a0 TahdBHe e T brige el
et hoded ag7e$0d & 1900100eRr i 7% 1BBIEI B, 319 @0 9B Ganfli 262t bfethe IMANFACARRG NARIES -

For exanple, a ggnetic_selection systemin yeast has al so been descri bed
t hat yisequéaer ¢f the lambdadigtegrase ga pit fptls i SEQI B/ NRY laln etherjermpodingenig)iap dpast

af fini toklg%f _tﬁés afaf! Q:% ];gs)f(ﬁgpla? 'se .u@ncyé. 53?1&18”@@ ) ZaE)f ﬁl@tﬂaﬂﬂal( M?}lo ia%idused
as a selection systemfor generating and 1dentifying variants such as the
mut ei nseqfentehe thelaebtla ortegrssechs setrfoltle th $1EQ EDMNO:| nistinitated ont ext , t he nut ant

I nt-h1218 i to construct the nuteins_.of the i.nventian by 1VC as

1 ust  at eq WESER, e SARbdiRtnd. o e toe o FaotiPY FRb, Mol omprs o
evol ut infatiinadffaleast onb OF G ngfd Bcid aédididh Gt sqfericB PofitionseifNs250aM BnNePde are
clonally encapsulated in the aqueous conpartnents of an oil-in-water

enul si dAral pinpacidicguenss of thedasbdn Wptsersy e st farthda SEQ B NQudi ei c- aci d

transacting ' k6 o\ Gl \A 1SCL Bt : ]
Lransact] N0 109} Thoil6 ot B BRIGIAS S0 HEARICS I8 of AFRli ome B the.

dol ogy ut I ng conpartnentalization
of bactasnnambcid edsiduehatsseqguenoe pesinonsskl, { 4, dvd) 182, R apbR $3vefl the estuml finino

O SBERRSELY e e R SH AR TSEDENOS| B Bfeelof o o1 Y

except i onal [{§038hrigaomarenibdlivhdny, @id Ahinb Atiddesidiie srgfhieats¢Pamce péatidnsE9Of
| VC all ows one to select froma considerably larger starting. library (-1.5
x 1010 0% P Kplacyd by gpstisd I Busrontet. thg agmansresides atreaucnee By 149 rag yek ens

(-1 x JcQﬁ‘niﬂ@r bah %l))xl'ltaa;h@ftﬁftﬁé ?hg%p}l{ge%@k%e Usteitle aRedile raGhRChds D 88 &t {or m

whi ch can potentially engi nee er desirable features 1nto reconni nases,
such as thermal stability and altered salt/pH tol erance. [ 0047} As
descri bed herein, the nmuteins of the | anbda integrase according to the
invention can also be referred to as "fnt" nutants, as illustrated in Table

1, Figure 10 for exanple. The bacteriophage | anbda integrase is the
prototypi cal nenber of the |arge tyrosine-



WO 2011/ 056148PCT/ SG2010/ 000424 reconbi nase famly. Cenerally, the
bact eri ophage | anbda i ntegrase conprises 3 distinct domains that

col | abor ave 2ittdsbrasa hi gher-order tetranmeric structure POTISGRONAOENaN C
reconmbi nogeni ¢ conplex (Figure 9). These 3 donmains are the N-term nal DNA
bi ndi ng domain (am no acid residues 1-64); the core-binding DNA domain
(am no acid residues 65-175); and the Ctermnal catalytic donain (am no
acid residues 176-356). The bacteri ophage | anbda integrase is central to

the bacieri,o e |if cle, facilitating.the contr.olled integratjon and
exci o) ABFTT LG bt S ¥aBnes (e DO PR des B S eofitge BhFeh Bllfigh &

r espectdlytie/caninfliense fidstita kpdciitityit® tolerblR@hdathRIineqRbRECattRF ROt o in RS €
is able _to catalyze site-specific reconbination between a pair of target
sequendBguraBrned att sites, in the absence of high-energy cofactors. The
target sequ | . I: O] t J -erial
gonore) comi oL 4 Shhr ehBod i Enlal ah A g e AR MR R AR A e R
7bp " 0Vid#Icapbe regdaced byFilgeine Ia this Thmextotherghatpmicegiidat’ sequento pesitiam 1 3 carence”
as used. herei efi nes the.se nce. of the recopbination.sequyences re
Che " DUALEFEle iR viemiE IR oS uiine, e REE b 166, aSPufREAT 6 e (Al

pl ace asghened. af B3hisfollthapmueicn of BYAIseateREE D3] ydind ATeGuehce pOsitéd B4 ype
att sites or said sequence having functional nucleotide substitutions. The
bact er iTYheREET| BSRIMRNCE f A BrrscanRpicelgusnidinedhin ¢BfrdPrreprinfaRhodimentss Bigni zes
the 7b inﬁéih%f)fh@-fxﬁ/&tﬁﬂré:‘an %pﬁ?&yﬁﬁ?aﬁioﬁlyf !tlflesamilne actdCreSHG N ad SQ%EG: g&tit!l:)ons' te,
the core sequence 1s flanked by binding sites tfor accessory - bendl ng

f act or 908wz H 34 fithe pagnral Amumoharsd séquenagrof(thedigmbdadutegrasd ay sat donth & 8BQ ID
stinul%hSQp (FI'S) and excisionase (Xis). In addition to these accessory
sites, 'several '"arm binding sites for the NNterm nal domain of the :
bﬁCt er ijophagm:ifoamfﬁdagé @hﬁgdi@ﬁ?tsalﬂfe;)arﬁihgrﬂéidt fesida¢ bRnimers seqiefice ﬁ'(bjsﬁtdinngsmf

t he N-donwmin t he bacteri ophage | a| [ntegrase to "arm hinding sites
al | ost &P PEIFRIAGHHY aamfgomgwc%ap &gt cxﬁ%kﬁrﬂ&% aﬂwocaaidaqay?he&no%wﬁﬁtw to

i ncr eaggihdciaf Thdhliphati® affihd® adill (89 be Whle6tBd Yiohi BBy 6he £ RBRLG e, IR iR &fnd

cl eavage and productive reconbination of attB x attP. Therefore, .these-
“arnml  rvebnods ofres embodmnanty, theopminetdcidaresidye efapingi as sequokpe positinralbié ¢ap hehe
Cterm, &mg%gqjﬂﬁéc domai n of bacteriophage |anbda integrase, and thus
contrib 10t he regul ati on of reconbination directionality. - 100481
Ceneral | y, \b@r] dIn sene rhibodseentse theadraitio ragglorcbidna alagine ot Geuenée positinm 1820
recognition sites,, the recponbi nation reaction can either..occyr on two

s 1 1 or &t DRgPRATRAY BRVRPRIN e e RoPuBoPETY amino Mg SHEdR hydroR-

r ecognichh@mirfd 48in6cil. T8E BPdrofALGANGEN@RMind dcRT OGN deBife St HHReddihed QRN
sequence). In this context, the nuteins according to the invention as
descr i SEtpoRats thaydming arigd residng lapinenateseqpnse HoaItoB  182neang o Ireniased rby
reconbgﬁ@&h § reactions or both WD 2011/056148PCT/ SG010/ 000424

i nternol ecul ar and i ntranol ecul ar reconbi nati on reactions. 100491 As
used her ei n,[0042] {we sepecmbodinreatso thE amainD eold wsidis ghywmecat sepeoéd pasition 252

reconbi nation’ refers. tpo reconbi.natiqgn.pe e wo_ nucl eot i de sequences
ot " osan ok SThlped & S FeltSRRORuAP b ART hToRhank PG oS eyl be MR

non- cogiiicadid I Fhe aliphite &p@6iatidccan Heaelectad fromPalytdne Wf aoldudink S@dlinelealanine
sequence, which_can be in. a specific |ocatign in the genone of a host cel
for exdnpleucingnin othen phqdiaents dhepmimoa5id 1581 dus Sy61BA BLISIPENCE PESIHOR £ e |

ei ther geRedihtdd3tslicle. | OCation in the host genome or at some other |ocation
in the genone, 0Or It can be a heterol ogous nucl eoti de sequence, which has
been previ oU8043] imsan¢ enibodiments Hbe gmmomsidfesidhe ishlsyeine et deqhgnca pysivdn 253

vari ety of kngwn t hods, . [ 0050] descri:bed herein, "recognition
o't e af br (GBS BitBophopio grund doid TS pEEPFILRE BB Bl on e o b

I ecogniaafifib Hyid.arhcadiphdicmsifo peidican be seldveed k@ agybhd ¢fivaliné, @laning ahbéeucine.
nucl eot i de, sequence upon whi ch bi ndi ng, cleavage and strand exchange is

per f or TBPBS SRROMBERS S 52 ABING, UL TFFIGHSISQIFYCIHE b SPAUEBEF ROHHLR IPy PBRot%i ns.
The | anpglaceiMyqalicanre recogni zes cognate sites conprising attB, attlL, attR
and/or suitable nutations of such sites. The attB site and attP sites can
be reconbi ned together by the |anbda integrase, or alternatively, the attL
and attR sites can be reconbined by the | anbda integrase. In this context,
muteins (Int nutants) described herein8can facilitate reconbinati:on

bet ween, for exanple, the attB and attP sites. The nuteins described herein
are able to reconbine into non-cognate sites (such as the attH site) with
greater efficiency, as conpared to the wild type |anbda integrase in its
natural function (see for exanple Figures 3 and 4). 100511 In
addition, the invention is also directed to a nucleic acid nol ecul e

o, o o . Y .



WD 2011/ 056148PCT/ SG2010/ 000424 encoding the nutein of the invention which
can be operably linked to a regul atory sequence to all ow expression of the
nucl ei ¢ awpadomlsersl e. A nucl ei ¢ acid nol ecul e such as PRAVSG0M08g@Rded to
be 'capabl e of expressing a nucleic acid nolecule or a coding nucleotide
sequence' or capable 'to all ow expression of a nucleotide sequence' if it
contains regul atory nucl eoti de sequences which contain transcriptional and
transl ational information and such sequences are "operably |inked" to

RERR gt e R e

to be gqspdesHeEmas Kid M¥egadnCe pbditisiiCh ¢ heMatafal bRindedcid feqi@iRe of 8RUSHE®R
expression. The FrecLse nat ure of the regulatory regi ons needed for gene
sequendiegas Bsst Orthip $EQGHY NQ: dminpshembadimenss, ghe mytginspfithe ipyentionjmpay
gener algjelcHasriae PHLAMROE o HEIRRo WBlGBsial s, the
pr onot erhlggr; Cbo?ﬂ% hg1 pr omg)t er whi 8%%??%%‘%%& a@?ﬁ%{?%gﬁqgﬁgg%w 91@ o

t r anscrthghitonl amingedcid sejueive diNbe Laahdansegrashachet fotten SEQAECNDbaédIn thiso RNA

i1l si |. the initi.ati t hesi s, Such i i || |y includ
hon- codtRgey BpHE boif kel Byt ik Requelpositingiyd it be AP L EbEnce.
to be ephRrafisesti@rdidub iifaniit acidry sdoueteWokitioh D18 bk beGBpladedibyaiasd. i pt i on and

transl ation such _as the TATA box, cappi hg sequence and_ CAAT sequences.
These regi ond04shihe grutcissansprdingdp ke wysntion sar A gencercd bingh yadougselection
trans! 34aems 1663h BBdRSIRIAHIGBCRE A0Gn iREARLLDSxhifIPhAAES dolcction
pol ypeptide to a specific conpartnment of a host cell, ichis useg %or
pr oducisygeas relymghom adentifigateinnob ffurickiengdrwutents thronghtieperter gene actig0®8 lor
Accor di_ngl a.nucleic acid. of ipvention capn C rise a regul ator
SequencirobicduRrgta SPlioR sl e B ihsE e SRR aPfestie LS Rl
aci d ofard bree dfhe diffepeht eutiodokgiesdfoi Erpseering hitrBdi kitd-spetifiditicBdn fe€Gmbinases.
functigpal in a cell and a .transcriptional term natjng_regjon functional in
a col | TOBGTHERFeR SPESt Tio-Ueh SETERAN DAY hoarfloBeboga clsctipes Mt M dest Ho¥rlar e
for exapeb8se VAank2Qispla9iiRt flfered MNA S8indihg BEifikicO’ AL RBothér RKAAMLEIn bigrd he
case of bacterial expreSsion. An exanple of a pronoter suitable for .
expr essponatmenializatigntiVE)dy viedras ai sslectien Sterofopgemseting, and identifyiggBarjantsn
furt .hersF@H '%)sotﬂla R R @&skﬂb%‘l{e}ﬁ;‘&ﬂ' 1 this cGREKY 'tlﬁ,qgut%u[& e }BT8 &
particularl'y rn an expression vector. Such an expression vector can
conpr i sved toesnsimst thh emadiny e the intvientivnth y B Lasllostyateslag Fenee2Aand a nucl eic

aci d sequen [ code or nmutein of the invention, a sequence, ¢codi ng
For Crostr s clguahl 16 45 25 ENFRE i BBt GUIeE L 24 JoChi G e
codi Ng pkétkint Ry BAESdeNark R1dnallFRA¢DEuldted Gh HRCIGueSus cfpartiRats VT adl ci0inaktews
the introduction of another nucleic acid sequence coding for ‘a protein to
be expreawdaen. dV G hay bewt Hsgdatar evotye sexgral oddasses 96 nugpcRCKGansagtRoRrIEins
express) : f v Al i iggﬁ% n Si J.0l
sequenggga%ggﬁ%%%ﬂ?%ﬁn?%éggggﬁéggggﬁgg?iE%gkaﬁéﬁ t éghéiféﬁﬁgﬁﬂgg&ggg%pfor
expr essitibining Thepauperdasiaton vEbiateriat acllsbias ks dderonsed|tasmdlsies DNA pollymemsest 0

i|led.in the art such as. pBR322. puCl6, pBl i pt and.the. |ike.
[o08] itk A aar e ot oo EioB B folBE eh 8B et b S i mgeton <

encodi rgfidifiricIVaRl thuohlléwiehd Mverighth 6RExdapticialP Ndrge tlaridht Abragieé €t dedifal
vector containing the nucleic acid nplecule can be transforned into host

cel | s ®ApRASYRSsoFheaisp oE ELG rHowp angtonsslect fromm aGoasiderablydaeistarting Hraparided

out in ,agPolHARGS cWhpdted tPAR I bECARM G inasd BulSetioh G steM¥ §0F kA6 sriddksy O
directed to a (reconbinant) host cell containing a nuclelc acid nolecul e as
def i ned’hatedere, IVG qahibe vsadt axthe selbestion giatfoomnwtichosin pastértislly engineercetherur ed
under canditions suitabl e .for expression of ,the nucleoti uence

encodi BNy RS g Pt ARG Heraltachity P eFRL BB L BEREG

adapt ed and [60ATplAst @dsyribed hinei, etie Undieins S&ff tHe fantielaCidbedirdst catSordigdto the
optionally in nedia which are free of any protein/peptide of aninmal aorigin.
Conmer ARG 583 i3is9pbe referied 1o ge n'Infs misrats:1 e dlusiptetdy Tapls bebigBresIQdefi i ed
Eagl €' sxMagieUhd PAMMopRhBinbdimitfile iEIREMHodpild ShehBet WEMe 19108 THbsine-

CHO S-SFM1 (I nvitrogen), serumfree-CHO Medium (Sigma), and protein-free
CHO Medium (Sigma) are exenplary appropriate nutrient solutions. ‘Any of the
medi a may be suppl enented as necessary with a variety of conpounds,
exanpl es of which are hornones and/or ether growth factors (such as
insulin, transferrin, epidermal growh factor, insulin |Iike growmh factor),
salts (such as sodiumchloride, calcium nmagnesium phosphate), buffers
(such as HEPES), nucl eosides (such as adenosine, thym dine), glutam ne,

gl ucose or other equival ent energy sources, antibiotics, trace el enents.
Any ot her necessary suppl enents may al so be included at appropriate

o o " b o o o o, F A=~ s



WD 2011/ 056148PCT/ SG2010/ 000424 Nucl eoti des al so i ncl ude

nodi fi ed- nucl eoti des, such as, but not |limted to, phophorothioate

nucl eot i owe 2andsd8zapuri ne nucl eoti des and ot her nucl e®dCir$e2emaD@IQs .

[ 0058] The invention also relates to a nmethod of reconbining a nucleic acid
of interest into a target nucleic acid. The nmethod includes contacting a
targeting nucleic acid conprising the nucleic acid of interest with the

t ar get nucleic acid in the presence of a nmutein as defined herein.

[ 0059] hIS uclel acid" as used eln efers to
L Ohoo atbrtinade fAhE CengrallSitht i orP ot bE bl tmst apttpases o digindinaphe s ot
nucl eotthAl@oHgsPABGHIIRR Kighdd-og@dtQetrdflerRX RAREFE @6 f6rab & Rlyh&nicerePsABIRO Rhic &
nmol ecul ar marker, a_portion of any of the above, or the |ike. The target

nucl ei compled EigireQ)-sThase3 domping arenie Nriemninal HONA bisfms tdpmain faraing acid
t ransf t t t

Chr ompasis 124); tht CEriREE DI dbAfiy! GEAA achPWANESC ISR BF C.8hfInR |
t ar get catabytieidomami (dnmanamdlmlsudes gérihe).cT Hbl‘hacteﬂimhage tematida iMDbaseam céygral to

i i | | h I d c
COmPt el e L PRI TR 4 el AT s e

nucl ei an@eldof the hoks @dct&%l%hfbni@f)ﬁé SrebpecBvdl Gh @@ tnbflieal FRMHOACHRE biAdridphagdeai NS
at Ieast one recognition site. The targeting nucleic acid can contact a

tar get lafdacintegtasedisi Ablenie patalyem site-specHicnigcambingtion HhetwespentRa of jtareelr der
to recQulichGseRHE St StelChthOdbsbide OF Bith-dnlicy cbﬁ%t&éﬁgl@ﬁar&éi%le@eﬁcé%ﬁb in'he
targeting nucl eotide sequence can be & gen€, an expression cassette, a

pr onot éhe baztemopbaggel genomeys &9‘3 in thegucteriaingenbmahyoropriserepabol/ &p mvertdiecdre-ke.
SRRSOl fuced BY ol AROSH LG IUERS (iR ] TRD-BE B ERLP or dolfhe!
enbodi NENt S, ﬁe arge ?’ng ucl éei ¢ é es an’a ?‘%’ﬁf%equ(gné’@er aS’gEQ | D
Nof 31)kequence” as [\@&ﬁjﬁ&refﬁhg:fhes’ the' slqmine? of &Iélllécdﬁiblirl]dlioﬁl’seqdencaswhﬁedlehﬂhqﬁl n f
refers to a pql ynuc) eotjde sequence of any | engt at_ encodes, a produ ct 0

i nter eéfrandrﬁéo@as%cw@l&dg)@qﬁf eckeayrep e f‘?.l:’lgP“?’bn‘@{‘% Blace, apd lasgsete a

fusion cQﬁsehﬁQgﬁﬂIAg%&ﬁ»en@“@ -T@'TA%@ﬁ%ﬂcﬁt @n&msﬁew,sa@r sequed ﬁa"vi%&”ent -
It can also be the native sequence, i.e., ur al occurring form(s), or

can be fwnetignal dnusleotidp esubptisutionsdithe e@cwoal@@er bdlbdthe@eraﬁ@d?l‘ﬂ\c@qrtbn@ngan

i nclud i I or
nost cappantiuBihl R ghiadiihe 78 b kUt E PR UaRERS Mol 6 BRUEHA6E
secr et adP sﬂy,ttb@bmmbquenmjrsl feemked hpbmdargesnlemﬁo“rchcwssmIDNAweﬁdmg faptdry peght | de.

The "product of r est an include, but ar mted to otei ns,

01y oot ek b B8 Qi Bt e SR it B BN A bR W R can
be prodygigen itd thehe a&%k@ﬁ Sftesh 8lerdl Chim’ HiR@iRe Litdshfos Q}ﬁaENetemamrmﬁasn of AR

met hod of reconbining the nucl ei ¢ acid of interest into

2011/ 0bedtanmbrestzypg) nserese alspdlank the piR roresite. &inding @f éhes@cfl%w@e offeci fic
r eCO”b'anE,lfu%ﬁ%J ﬂ%b%@%!ﬁ%g&ge RP4GE S* blﬁﬂ{ng%ﬂg?mm&én% gﬁﬂlgdéa%e ﬂ{ef&é\ggé bt the

presence o or nore e cofactors c e selecte romthe
group bﬂﬂi&lg&ddr@tadwsftici dutregr wtinowadeshe affiagy oy cqre Hlt‘f)s wh'abtudﬁmdtdly enabless BNAN
stimul ati XCl si_ona The net hpod of the

i nvent i EB y*“’t%%2 B‘é‘f?%’gﬁ%‘ﬂe Rt ‘“aéﬁféé’l)f%tﬁ’&“% ere %‘2—% F‘SS r%‘B“creeHO“F Pifes
ey be egetidinfor hativadingngtticichn BNAekleaiget by ethand tbmhaldeatbltytlc ad@ndift of
I|mted to eukaryotl c cells, such as yeast, plant, insect or. mammali an

cel | s. bpejeriopbags))lambda dniegrase and, thes &eetyltbege Q¥ yiEailtian o teappiination
hemat oggleagdngh%tem cells or any type of differentiated cells. hi certain
enbodi nent s e nmethod of the invention can be perforned in a mammali an
cel |. The migf#8l i(‘anere%j/,l thmeis rft;ambinasﬁt-mdéiateldutecambinntdnn otevirs dedtwegn atwounan,

zlhg]egn 6?crcr)lgrrultlg§ eslltf:s tﬁé re ina r#g)ker%actlroglbﬁglnt 1%1%19 ((:I)g:cr{;[ 83{:&%% Orral‘cglécu er%\(;(!lgrne

nes S Ca tare

| i m t edvithin (Heisa@e endieuinkd (@/g., détwetn @CEEJgnit@hlsite oﬁrurtairga semmhmdcﬂeb@gn&mh as
NSO and Sp2/0 . cells, COS cells, Hela cells and human ,191 yoni ¢ Ki dneg/
( HEK- 2937 op & danor sequence). In th1s context, the muteins according to the mventlon as described

herein can catalyze either ‘intermolecular or intramolecular recombination reactions or both
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[0064] Finally, the invention also relates to a sequence specific
reconbi nation kit. The sequence specific reconbination kit includes a) a
targeti ngwvourelidisei48ci d i nt o which a nucleic acid of int@CesGeanobies
inserted, and b) a nutein of the invention or a nucleic acid encoding the
mutein. The kit can further include a reagent for inserting the nucleic
acid of interest into the targeting nucleic acid. In sone enbodi nents, the
targeting nucleic acid can include an attPH sequence. The kit can al so
i ncl ude pufﬁerg ) @"n qnl(ﬂmmﬁ&?&%té ns for Jeconblnlng the nucleic acid of
i nt er e WPTRUET G ER B Ger Ae R BRXEMPLARY EMBODI MENTS OF THE
| NVENTI ON  [0049] m065§edExaaaairar ye sﬂﬁiaﬁéﬂlﬁ’ﬁéntr&o@fblﬁatﬂ(ﬁuf eidr acgquéhicBgpdcifid he
present invention, and the thods of the invention are shown in t%
appendderombination” kefers &@&?mg'gaﬂ%beéwn two nuclepidgsispugncgy that eack somprises at
sequenqggspbhd tl&f sﬁeh@r £AEL1 BAC hEH-t&Inaf B, a8k H}é@ﬁi@ Adahb §@Qg§ﬂ&ﬂ§r The
7 base pairs (bp) highlighted in grey represent the overlap sequence, which
nust beurkdetdd scavencn woethcandrednisperifiolocgamtin dresgenpme of aho® call frteRaropleat t H
& attPH, The fol | ow n tar eca niti 8. ar: tt P of
the. bacs el a8 s s IR buf naF BHPTRE B ARt i B M (s2o
| D NO. hd$k) genaink Hbr (absGink DtIND loSfon ianke géridnid, (oSEthﬁé\l@he?eiélogdubelualfebﬂrﬂe
reconbi nati on partner. The attH site dlfkers fromt he bacﬁerlal ttB.site
at one Sp&Es: Sthichhas heenmypvigydly fuspriecinindhe genome qiithekosssel by B0k ey
ri ght rmhees felofsli Ng sequence. WO 2011/ 056148PCT/ SG2010/ 000424 This attH
site which is present in exon 5 of the MCT5 gene (gene accessi on no.
SLC16A4), r d¢f¥58% érst@s&trﬁv@dd@wm,arrgc@gruﬁlemm redit ‘icognate sites’( reders d@gnalpleotsdet e).
The ast I nce t ucl 2ot i t teract
w th T Rl el 8B AEnRE K Rt GR" SrolE £RG SR S8 K BeI2°
scherramcleoﬂldw&klnatce atpoafwhible binding) I’dbé:a@ﬁt@l addostrad| echanyg it (perforthel by the

descri bed herein, as a exenplified enbodi nent o venti on.

s chenat'FEOMOIRAsE PFOjpin A7 o?nyt 071?}83 ﬁ%mlpr‘?t&ns IE'P%E%’?‘P% ‘H{ﬂg’éﬁsﬁ §e°§9€g¥??e

i nvent icefnatd didesRohipBEiak Yor®, o] iR SarlfortsiRab1O RMtoAS of SuchOiRs. et A8 e NY
error-prone PCR Linear nutant |nte rase expression constructs with

appendaad girP sitesy ap degpeombingdeigaetber th"bé lamidanigarees of slgrantivebhthe @il and
wat er - 1.n8l I, n t t

Corpar (AR iE T S dBeor B8 B el (RRALE A GRS A0 iy

mut ant desdriped eromixandgcilitateoretdrabiabtidd ls&tqemmcﬁc& axpppledde a3 artd ardhsitendhet hat
of other .i.nt nmut.ant s e enul sion.is disr enes
encod T SERRIErSR By bl Prpocintile REn G ens Biesy el e it o) it

char actgpdatct atfidhcash douigaRer torthe! M4l tfe 19RbES nitépiase RERs PEfuFR Tendioh (ReFor onl y
anmplify reconbi nation products containing the genes of integrase nutants
capabléxﬁﬁpbé?$%ﬁ%ﬁ?&?4nua attH x attPH reconbi nation event. [ 0068]

[l qure 2B sijgu) anakiasmlk. AlellioR it 856 UReqld B4 fldkis SLEHI ARk sAged by

| VC. DNA encoding activeé nuteins were anplif by PCR arter round 1 of t he
sel ect nmnleom_@rsesuellce encodingei mutlemmfahq/lnpm@nahltdéﬂamwbdxorlmwts Heaupleicraerd pai r
used I . ule [;:gr(ljlulciseesa %uc qrdte SCSO(I)IQ enc lnl Conu erllnatelec?e(gf nat. ot agr}r { he
fuII-Ié%g?% gene, Wit SET e Gel tane rmPéﬁﬁéE onger
-1, 400bm1taﬁphs @@ﬂlphfiad 1rCDdH1ﬁl JEigirha0f Iﬂ| sbcdlﬂdﬂghhodlﬁhbﬁlg,l’ 86 audéin acid hdeul®,
nuteln library plus attPH substrate and cgg&etlnglattB and attP substrates.

Lane 4,°2h&aEPITe? Beleqiste ssateacs poiet (Pt PER) I B dde SEQIY Nyt 24 PERAdP: ve

I VC extN@cts,- sEPbage! '38' SEH PN IPHESES, IPNEN B4 SHRS tREGEQhBR: e the
same priner pair. Egg Fi gures 3A§and 3B shows Jhe r%%] ?#ﬁ% PCR

quant i tggngtisncage peeemmhsatun@ns ef tcrcale gegongfbyt otbemeadons svhidh speeify theesamieon

obt ai ned it 0 e. ect ant

(n=7a) SipS G Hale ol o8 G IO Bl AR bl HhRRUSE PR

r econblmalteiccmld)molenulwbm inchides ak sxadeicrﬁcﬁgmaleaxlemm@rrsﬁ@ a hudleotideRBequdfice

mut ei ns - %ed i nproved. attH x attPH reconbi nati on conpared to the parenta
fbag*ﬁ

enzyme C(’ teing A the Prasent WVERHAR: nut ei ns were selected (Int 1 to Int
6). Al act 30521 The RNBleRr RAEMHoRLule&iR1ds¥E hbrRinthy ¥bhprif a H@dl@dﬁh@lseddeﬁcéﬂZlB
with the attB x attP substrates (100% . Error bars indicate standard
deviation of two independent experinments. [0070] Figure 4A shows the
i nproved attH x attPH reconbi nase activity of the 6 nost
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WO 2011/ 056148PCT/ SG2010/ 000424 active nuteins (Int 1 to Int 6) translated
invitro. Qut of the six nuteins, both Int 1 and 2 are shown to be nore
ef fi ci entwatopenséasm ng the attH and att PH reconbi nat i oRCTS&2010000420an t he
parental enzyme Int-h1218. The Int 1 and 2 are also less efficient at
reconbi ning the non-cognate attB and attP. Int 1 shows a 7-fold inproved
efficiency over the parental enzyne Int-h1218. Al activities are presented
relative to activity of parental Int-hl1218 with the attB x attP substrates

(100% . Error .bars indicate standard deviation af .t i ndependent

xpor | fRFRAnE e thiteinrf 62 R Rh AT B et e Bor@Pilimed B PESBRE Sense 19 vi ¢y
of the dflofaixpriaon oLthenisleicladid nolecul®)A Whdeic aeidtresledtild SuchRs BN Aliregdridd
substrate pair. Al 6 nuteins showed strongly reduced reconbination

ef fi ci Rk EpaRlGeEsrPISSIIgR, cleigrcidmplegyle of g sgdinginyglcotiioseauanee’ <y GRRADEE t o
preferepfi S : W : £C ‘
sequencg)ts%l%w )éx&%[ 0075?%?’5;35&&4%@%3& 1f[ Ee&?&e{l:%nl‘tgﬁlg{a?%%ng t@éﬁ%ﬁ@‘g‘cﬁf t he
6 nut eiwlec tentaif trams@)jptiosslt adl wanskatiapalHnforohatiort P such selquenses sentapemblya

50-fol d. exgess of wild-type attB and tP sites, Reconbj.nation .of .the
compet 15eEe B aeSleatils abeREs Phich B8GHeht RoPhbTe AR PRTEPE SRR pdiekEpes
measur efl.whieH théi lep@istoay ONK eeqiithest 4l @t iNCAtRqagilty bdughotfo paketatd are
Int-h1218 with the attP x attPH and attB x attP substrates (100% . The 6
mut ei nSORREEAHINBEh & MAY ,aS 50t PRHOEKIC TAVLICE RXPIESHP nl Henprepise pgture of the
[0073] ,Ei inat i ici ' Int 1
Lo ) (enfes EPoRipURIcl 1o EGE QORI COR Bl BhP 0y Rim oRfnRal et g
human duhshallcindnerakinchide e prdmeter 1gEikiRIhichs lih prokafybtes,i containsaomiysthe prondiemed
into the.endggenous. att ite tk no roficiently than |npt- 18
w1 PRI e ey bt AR anTBE RN BBl s MU B DA

rel at i sequecadoihish, twhef frapsuiided flto RINA WilP dignd] 1ROfjtiation of synftK¥eié4$uchirggioss SA
shows th exprg,s.si og | evel s of the nuteins of the %n,\/en i on by Western bl ot
det ect i"9H "OFBAIQNAFYET BOT-vRERRFIEI9S Sthidedre (a5t SbpodiAt io-the Budsitids segpence
denonsts 8t egprédiad aﬁd’@hi@ﬁ%Feﬂh_%lyfd‘%mlmliiizlmohfbﬂrjaﬁsc@iﬂﬂoﬁ B AHsRLBS sxﬁl:fh as g

invention are expressed at simlar levels in IVC extracts. Lane 1. Negative
cont r ol TAT# bex,toppring saqupncz p8d &A% E seanden. Thesaregioasl caxior axample. alfesontain and
4 repr : - 8 t ectively, e ] [va. extracts.
Vst er %ﬁgﬂfﬁf’ﬂy rsg%%ugéﬁ%v\%rd ln%}cl)ﬂ%le?%g Aél 2 de 21i %g?%egeltqtﬁ&%ie rfg} gﬁl(rggﬁed s?}%%nﬁf"@% d: of
I nt 1 gotypbptodenparspecifio compartméhit ®f a host cell] @Bicb]is fded foreprbBucdipavsechmbinged
el ect rophor e§i s and Coonassi e Blue staining of purified reconbi nant nuteins
expr esS¥YNR g’.epcf%g!ePt_.‘“Ym‘lon'and Int5 nuteins were purified and the
reconbi nat i geo3Y Alct&rdRREY, ASRIEack$ SAMRAnVdntion d&T cdrfpribe SGRpAtoRPSeHLEHCE,
confoundi ng effects of factors present in the in vitro expression extract.
Lane 1:Prefpgablyeoprgmoter thwmq_mdgpeqtma_nucm acid of the invention comprises
20117 0564 ARESonP 80 44 2i8n HuscHdnalPi! 4 Thiednd h3@sdhipioRbPierlnditfid RloRHIN:
Lane 4: Int>5, Su%z?‘llteél; QLa%eHS: Intnf, f?cc)w-tﬁr oug‘ﬁ];S Lpar?e 6:e Jrrlltv\ﬁé p&?cl}bfgi ed.
functional in a cell. Suitable promoter sequences that can be used in the invention are for

example, the lac promoter, the tet-promoter or the T7 promoter in the case of bacterial
expression. An example of a promoter suitable for expression in epkaryotic systems is the SV 40
promoter. o
[0054] In further embodiments, the nucleic acid fnole’:cule is comprised in-a Vectbf,
particularly in an expression vector. Such an expression vector can comprise, besides the above-
mentioned regulatory sequences and a nucleic acid sequence which codes for a mutein of the
invention, a sequence coding for restriction cleavage site which adjoins the nucleic acid sequence
cdding for the mutein in 5° and/or 3’ direction. This vector also allows the introduction of

another nucleic acid sequence coding for a protein to be expressed or a protein part. The
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[ 0076] Figure 6A shows the inproved reconbination activity of Int 1 and Int
5 relative to Int-h1218. Real-tine PCR was used to neasure reconbi nati on by
i nt egr asewormaumss148 Reconbi nant nut ant i nt egrase pr ot ei nPCHSGRO®/0002€Nt | ON
(I'ntl, Int5) are nore efficient at performng the attH x attPH

reconbi nati on reaction than reconbi nant parental integrase protein. They
are also less efficient at reconbining the non-cognate attH x attP
substrate pair. Activities are presented reIatlve to activity of Int-h1218
on each_substr at a '
FeconbiARrant Sl il coptaimsrepliptbh b A @nfl AR RS et fame
attP. Ispkcids croeqxaﬁblenmh thiethidstxthat it Bké%%xmessmf The egpredsiontveatr t4it bdHaddB
reconbi ne B x attP pair. Inth processed the attH x attPH pair with
the sarf® ?srniug% Wal fnojn tq,perppposkalleddp digArheishias #BRIGAHANE 16t REB“%SCEPttqﬁdﬁB‘? r.
Taken tjggether, the data show an additive effect of the |143A and H61R

nmut ati ons as the double nutant (hit 1) consistently outperforns .the single
| 43A (I nt5) [AAShAthe mesddiviaridemotacalepeaprving thee hugleatislet wqaaice ntyding the

I nt - h1218 on & P ubst te pair. ( rror.h di jcate
st andardoigRurtal afVeiof o8t bR sRBREL R L RBupr MY ior SohilyngdhE A IRLEAE
s howsnbandsle@mé tam][bmmfdrmea nglﬂ IhbﬁlcBllQ@pbehbf&kpliBss&[gjthathIRssglﬁfe&anMwﬂhﬁlldh
reconbi nati on of att sites anking an inversely orientate P cassette
resul t £ap ke &aipied Quf Graceer degep Wla%ﬁt%ndﬁs%?%queéoﬂwr@& tmmagowg%f%dgees

r ecombi Al doAMidakt) hBkt ceAREnthiding d MuddELIS nfoRlchR & Aehndd ?ﬂbH(/@ I§)h1s context, tfaé) 079]
Figure 8 shows the preferential reconbination of episonal attH x attP

subst r draasformed-Emp 9¢llscean|bs culterefl sindgrreonditigns sus@bledonexpessipp of émbpnde

ool arrEn SR, Bl Rl LF M SRR b bt U B Aot b B

c onst r wokrpletélr Pulexaed asda memasfreermgddloéﬁ ahd lopsoxmjstm aepiaedtctoare fige bl sny
(n=30, 000 supsequent| sed anal ysi s ent a

G- podFoEBREd St AETa) Aitelin LR OABE G 51% TGfe.eh 3b RSB FO GHFLen

aver ageDutbeccS® Mbdiiee Edg%epmﬁ (DMPEVE S2iths), MiRirhal derdtial wamﬁqmd t he

attB x attP substrate | ess effici entI y fhan I'nt-h1218 Srespectl vely 50. and

65% actSignaly CHO-SEMEgIngtrogeas; seaun ﬁryeﬁk@ Medipm Sigma),| gnd| prp@ebm QH® att H

attP e a t he
07V £ raedfl (9B hig, ki, tfShyte RyieRl SluiBHE () Br 6 SRIR el B
for at tshpp(lementéd-lasamcpssdgew&by vanatp ef enmﬁoum:P epaBples ofewitieh ks hotrheneaund/age
G-P int nS|t t hus .i catl i..nproved
it v bc i e vbufasors, et BS insutl e tefting AREPe HEve AR dbbile HEERVG
att P \eéd,1 315648 RETdodMN 1hIdHAR A 24lchmE I magrekiuin, quoEikﬁatef) bﬁ\ﬂf@s ASEoRY as
whi ch is not consistent with the behavior of the recaonbinant purifijed

pr ot ei rHFRESunedeasytes (Rucdy sropdsngsing. thypidies)n glutasing.nelycase or qther sqyivalept
assay fHEr)ORRRRE] Bﬁtﬁnét‘?&o%&@%Iér&ﬂtsb%dynb{he?%césw ﬁhbl%fn@ﬂtsfﬁ:x?}mafsgl gexed
specificity, an attH x attP. GFP reporter was tested. This substrate was
poor | y ipelodedsa epprogrizié Coxtchetramneglaage;kno‘estcediO(e@Medon theiarty, dat a not
shown) . 80] Fi.qure . hows.. t| c present at.i;0

structure of P Retasel s 2SRt SRIER bpetifth SEE DS B MaytlBponar
struct wiaeh af luﬁdaﬁzéch:ﬁbgla straided) dudld @ianddor b&uﬁlﬁinﬁtﬁ)nahéxeoﬁﬂﬂﬂlchfdﬁc&lstrﬁam

N:. N-te | d CB: hi ndi DNA d d C
Cter mﬁﬁgp&i QPWWP& Pe'efg%.t%og%pae Jecple %%O g Saﬁ'@nﬁ org%ﬂneeefaﬁo ﬁuwﬁa‘gﬂ@‘:‘fﬁpped
ont 0 t e JN-HRKA) Nial QBB b theBONMOH RN beRfMEd usih 6l S10FUELS T QRS |

S18b
the CB domaln {Z(?mt are in the vicinity of target %NA | mage created usi ng
Pynol . nucleic acijd@niistr, gDNA mmmémCmeMﬁr@rﬁ PN @ndlﬂh%\e fgefucientidesi ons

0 “Ser et By Atla AR EES Bt [ RASLEE ek PRI i |

activi the ghgle loe qnablerﬁnahdalnd\ mespedtive rukleic ﬁclanﬁiaﬁ)’urmfenﬁd*re contdnhomeimtiral HEK
293 cel l's us tt Bl at ate |rs esults show that the

par ent d?ucleﬂf“i"gg"ég’éu?ss“\#% E‘F’g‘f‘{t&aé‘ ’Eytf’%eb?‘r{?;’ﬁlr ng the endogenous
attP/attB sy bﬁq@iseus"éa RGN nidledtided 8adludeeX&dIcosRie ER0-S¥RT GRS 'tl%'hosphates
[0083] Figure 11B shows the recombination activity of the’ parental and
muteins (Int 1 and 5) of the invention in HEK 293 cells using attH attPH
substrate pairs. Using the attH attPH substrate integrase, the results show

that Int 1 is nore active than the parental integrase. Int 5 shows sinilar
| evel s of activity to the parental integrase. Lo '




EXAMPLES [0084] The following non limting exanples are al so
illustrative of the process described above and are not to be construed as
i mting woeosiosprisof the present invention. Materials PCT/SG200008&h4

d i gonucl eoti des were purchased from 1st BASE (Si ngapore); restriction
enzynmes and T4 pol ynucl eoti de ki nase were from NEB; Accuzyme DNA pol ynerase
and 17 RNA polynerase were fromBioline (UK); DNA purification kits were
from Q agen and chenical reagents were from Signma. The foll ow ng priners

2 S35l SR ATEB O IRRAAA 58 AR Iy e

- CT CT @adedtideCald dehzduaihe hdddikded el d6i6aGClech @ mabgs. (SEQ I D NO  4)

[0058] The invention also relates to a method of recombining a nucleic acid of interest

into a target nucleic acid. The method includes contacting a targeting nucleic acid comprising the
nucleic acid of interest with the target nucleic acid in the presence of a mutein as defined herein.

[0059] In this context, the “target nucleic acid” as used herein refers to a nucleotide
sequence containing at least one recognition site. The target nucleotide sequence can be a gene,
an expression cassette, a promoter, a molecular marker, a portion of any of tﬁé above,:?of thé liké.
The target nucleic acid can be stably transformed into a host cell to create a transformed cell line
comprising the target sequence integrated into a chromosomal location in the genome.
Accordingly, in some embodiments, the target nucleic acid can include genomic DNA. The
genomic DNA can be comprised in a cell. In other embodiments, the target nucleic acid can‘
include an attH sequence (SEQ ID NO: 30). ' '

[0060] The “targeting nucleic acid” as used herein refers to a nucleotide sequence that
contains at least one recognition site. The targeting nucleic acid can contact a target nucleic acid
in the presence of a mutein of the invention, in order to recombine a nucleic acid of iﬁterést into .
the target nucleic acid. The targeting nucleotide sequence can be a gene, an expressmn cassette a
promoter, a molecular marker, a portion of any of the above or the like. In some embod1ments
the targeting nucleic acid can be a vector. In other embodiments, the targetmg nucleic acid
comprises an attPH sequence (SEQ ID NO: 31).

[0061] The term “nucleic acid of interest” as used herein refers to a polynucleotide
sequence of any length that encodes é product of interest. The selected sequence can be a full
length or a truncated gene, a fusion or tagged gene, and can be a cDNA, a genomic DNA, or a
DNA fragment. It can also be the native sequence, i.e., naturally occurring form(s), or can be
mutated or otherwise modified as desired. These modifications can include codon optlmlzatlons
to optimize codon usage in the selected cell or host cell, humanization or tagging. The selected
sequence can encode a secreted, cytoplasmic, nuclear, membrane bound or cell surface
polypeptide. The “product of interest” can include, but are not limited to proteins, polypeptides:,
fragments thereof, peptides, antisense RNA, all of which can be produced in the selected host
cell.

[0062] In some embodiments, the method of recombining the nucleic acid of interest into
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attB-petF: 5 -CTGCTTTTTTATACTAACTTGGTGATGCCGGCCACGATGCGTC- 3" (SEQ I D NO.
5) attHpetF: 5 '-CTGCT1ITCTTATACCAAGIGGATGCCGGCCACGATAECGTC-3 ' (SEQ | D NO

6) aTT- pewB:200/050@CCACAGGTGCGGTITCCTG 3" (SEQ I D NO  7) PetrsB2010800424
CATCGGTGATGTCGGCGAT-3' (SEQ ID NO 8) Pet-RC 5
' - CGGATATAGITCCTCCI TTCAGCA-3 ' (SEQ I D NO 9) pCWwatt PH QC1:

the target nucleic acid is a sequence specific recombination.. The sequence speciﬁc Irec'ombi‘nation :
can be performed in the presence of one or more cofactors. The cofactors can Be selected from
the group consisting of integration host factor (IHF), factor for inversion stimulatiorl (FIS) and
excisionase (Xis). » -

[0063] The method of the invention may be performed in all eukaryotie cells.- Céﬂ‘s and
cell lines may be present, for example in a cell culture and include but are not limited to
eukaryotic cells, such as yeast, plant, ineect or mammalian cells. For example, the cells. may:be
oocytes, embryonic stem cells, henratopoietic stem cells or any type of differentiared: ce:lls.: In -
certain embodiments, the method of the invention can be performed in a mammalidrr eell. The -
mammalian cell lines can inelude, but are not limited to a human, simian, murine,'rrlice, rat,
monkey, rabbit, rodent, hamster, goat, bovine, sheep or pig cell lines. Exemplary ceil lines can
include, but are not limited to Chinese hamster ovary (CHO) cells, murine myeloma cells such asb
NSO and Sp2/0 cells, COS cells, Hela cells and human embryonic kidney (HEK-293) cells.

[0064] Finally, the invention also relates to a sequence specific recombination kit. The
sequence specific recombination kit includes a) a targeting nucleic acid into which a nucleic acid
of interest can be inserted, and b) a mutein of the invention or a nucleic acid encoding the mutem |
The kit can further include a reagent for inserting the nuclerc acid of interest into the targetlng’ :
nucleic acid. In some embodiments, the targeting nucleic amd can include an attPH _s,eq\_lence. ﬁ
The kit can also include buffer(s) and/or instructions for recombining the nucleic acid of ihterest

with a given target nucleic acid.

EXEMPLARY EMBODIMENTS OF THE INVENTION _

[0065] Exemplary embodiments of a mutein according to the present inventien, and the
methods of the invention are shown in the appended figures are described herein.

[0066] Figure 1 shows the sequence alignment of the core bacterial a#/B and human attH
sequences. The 7 base pairs (bp) highlighted in grey represent the overlap sequence, Wthh must-
be identical in both recombination partners, i.e. at/B & atfP or attH & attPH. The followmg
target recognition sequences are as follows: attP of the bacteriophage genome (SEQ ID NO: 28);
attB of the bacterial genome (SEQ ID NO: 29); attH (SEQ ID NO: 30); and a#tPH (SEQ ID NO:
31), the attH recombination partner. The attH site differs from the bacterial a#B site at one

position in the 7bp overlap sequence and three positions in the right arm core binding sequence.

15



5 ' CATTTTACGTTTCTCGTTCAGCTTTCTTATACTAAGT TGGCATTATAAAAAAGCATTGC 3
NO 10) pCWvatt PH QC2:

(SEQ I D

5' GCAATGOVD EMATISATRECCAACT TAGTATAAGAAAGCT GAACGAGAAACGTAARATSG3010(08BQ | D NO
11) pCWattP-F3: 5 ' - CCAAAAACGAGGAGGATTTG 3 ' (SEQ ID NO 12) pCWatt P- RL:

5 ' - ACTCAGACAATGCGATGCAA-3 * (SEQ ID NO 13) Int-FRev-R 5
' - CATGACTTCGCCTTCTTCCCAT-3 ' (SEQ I D NO. 14) I nt Y342A-QCL: 5
- CGGACACCATGGCATCACAGGCT CGT GATGACAGAGGCAGGGAG 3!

This attH site which is present in exon 5 of the MCT5 gene (gene accession nc. SLC16A4),
represents the new tafget' recombination site (non-cognate site). The asterisk (*). below the
sequences indicate nucleotides that may interact with the muteins according to the invention.
[0067] Figure 2A shows a schematic illustration of the IVC protocol for selecting the
muteins described herein, as an exemplified embodiment of the inventiqn. (A) A: schematic
illustration of the IVC protocol for selecting muteins of the invention. '(1) A library of muteins.of
the invention is constructed using error-prone PCR. Linear mutant integrase 'expression

constructs with appended attH sites are segregated into the aqueous compartments of a water—in'-

~ oil emulsion, together with a separate linear a#PH construct. Compartmentalization ensnres that

after translation, an active integrase mutant only recombines into the a#tH sequence appended to
it, and not that of other integrase mutants. (2, 3, 4) The emulsion is disrupted, and genes encoding
the active integrase mutants are amplified by PCR for characterization and further rounds of

selection. PCR primers (arrows) only amplify recombination products containing the genes of

integrase mutants capable of performing the a#fH x a#tPH recombination event.

[0068] Figure 2B shows an example of PCR-rescue of mutein selectants generated by
IVC. DNA encoding active muteins were amplified by PCR after round 1 of the selection. 'Lan:es-
1, 2: mutein library plus a#PH substrate. The primer pair used in Lane 1 produces a sho’rt ~500bn
amplicon that does not contain the full-length integrase gene, while the pair used. in Lane 2
produces a longer ~1,400bp amplicon that contains the full- length integrase gene. Lane 3, mutem
library plus a#PH substrate and competlng attB and attP substrates. Lane 4, negative control
selection (identical to Lane 3 but with inactive IVC extract). PCR amplification in Lanes 2, 3 and.
4 was performed with the same primer pair. |

[0069] Figures 3A and 3B shows the real time PCR quantitation of reccmbination
efficiency of the muteins of the invention obtained through an in vitro recombination assay.
Integrase selectants (n=74) were subjected to a secondary screen measuring attH x atPH
recombination by in vitro expressed integrase using real-time PCR. 30 muteins showed 1mpr0ved
attl x attPH recombination compared to the parental enzyme (Int-h/218). The 6 most active
muteins were selected (Int 1 to Int 6). All activities are presented relative to activity of parentai
Int-h/218 with the atrB x attP substrates (100%). Error bars indicate standard deviation of two
independent experiments.

[0070] Figure 4A shows the improved atfH x attPH recombinase activity of the 6 most
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(SEQ ID NO 15) IntY342A-QC2: 5

' - CTCCCTGCCTCTGTCATCACGAGCCTGTGATGCCATGGTIGICCG-3 ' (SEQ I D NGO 16)

| nt ECOHI S¥B:20817056148 PCT/SG2010/000424
CTCTGAATTCTCATTAGTGGTGATGGTGATGATG TTTGATTTCAATTTTGICCCACTCCCTGCC- 3" ( SEQ
ID NGO 17) IntECOF: 5' - CGGAATTCCGATGGGAAGAAGGCGAAGTCATGAGCGC- 3" (SEQ I D
NO 18) IntXBA-R 5" - GCTCTAGAGCTCAGTGATGGTGATGGTGATGTAATTTG 3' WO

2011/ 056148PCT/ SG2010/ 000424

active muteins (Int 1 to Int 6) translated in vitro. Out of the six. muteins, both Int 1 and 2 are

shown to be more efficient at performing the at/H and a#PH recombination reaction than the
parentél enzyme Int-h/218. The Int 1 and 2 are also less efficient at recoﬁbining the n'on—cognaté
attB and attP. Int 1 shows a 7-fold improved efficiency over the parental enzyme Int-h/218. All
activities are presented relative to activity of parental Int-h/218 with the a#/B x attP substrates
(100%). Error bars indicate standard deviation of two independent experiments.
[0071] Figure 4B shows the improved recombinase activity of the 6 selected muteins (Int
1 to 6) when tested with an artH X attP substrate pair. All 6 muteins showéd strongly reduced
recombination efficiency (between 25-70% of Int-h/218), suggesting they have :evol\(éd to
preferentially recombine atfH x a#tPH with perfectly matched overlap sequences. v '
[0072] Figure 4C shows the recombination efficiency of the 6 muteins (Int 1 to 6) tested
with attH and attPH, in the presence of a 50-fold excess of wild-type a#tB and atP sites.A
Recombination of the competing a#B and atfP substrates within the same reaction mix was also
measured. Activities are presented relative to activity of parental Int-h/218 with the atP x attPH
and attB x attP substrates (100%). The 6 muteins recombined attH x atfPH more efficiently than
Int-h/218. _ , ' |
[0073] Figure 4D shows the recombination efficiency of the 6 muteins (Int 1 to :6) _test_ed
with the atfH site (endogenous) present in EcoRI-restricted human genomic DNA extfacted_? from
HEK293 cells. All six mutants recombined into the endogenous atH site (attchn) mdrg
proficiently than Int-h/218 with Intl and Int5 showing a 9-fold increase. Activitiés aré preséntéd
relative to activity of parental Int-h/218 (100%). . 4
[0074] Figure SA shows the expression levels of the muteins of the invention by Western
blot detection and analysis. Western blot detection by anti-His antibody demonstratgs that the
parental enzyme Int-h/218 and the muteins of the invention are expressed at similar levels in IVC
extracts. Lane 1: Negative control, wild-type Int-h/218 expressed i;l denatured extract.: Lanes 2, 3
and 4 represent Int-h/218, Int 5 and Int 1 respectively, in active extracts. Western analysis
showed no difference in the in vitfo expression levels of Int 1 and 5 compared to Int—h/.21'8. ﬁ
[0075] Figure 5B shows the gel electrophoresis and Coomassie Blue staining of pu.riﬁjed
recombinant muteins expressed in E. coli. Intl and Int5‘ muteins were purified and the
recombination proficiencies were assayed in order to discount possible confounding effects of

factors present in the in vitro expression extract. Lane 1: Int-h/218, flow-through; Lane 2: Int-
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(SEQ ID NGO 19) attP-PHQCL: 5 -CGITTCTCGITCAGCTTTCTTATACCAAGTGGGCATATT
AAAAAAGCATTGC- 3" (SEQ I D NO 20) att P-PHQC2:

5' - GCAATGED ROTII0FAAT ATGCCCACT TGGTATAAGAAAGC TGAACGAGAAACEBCEISGR@RQ04Dt NO:  21)
at t B- HQCL1: 5' - AGCTAGCTGAAGCCTGCTTTCTTATACCAAGT GGAGCGAACGCAATTGAA-3' (SEQ ID
NO 22) attB-HQC2: 5'- TTCAATTGCGITCGCTCCACT TGGTATAAGAAAGCAGGCTTCAGCTACCT- 3
(SEQ ID NO 23) Rec-SYBR-F2: 5' -AGGIGTCCACTCCCAGGTC-3"' (SEQ ID NGO 24)
Rec- SYBR-R3: 5' - CGATCCTCTACGCCGGACGE- 3

h/218, purified; Lane 3: IntS, flow-through; Lane 4: Int5, punﬁed Lane 5: Intl ﬂow through
Lane 6: Intl, purified. _

[0076] Figure 6A shows the improved recombination activity of Int 1 and Int 5 relative .
to Int-h/218. Reel-time PCR was used to measure recombination by integrase enzymes.
Recombinant mutant integrase proteins of the invention (Intl, Int5) are more efficient at
performing the a#fH x atfPH recombination reaction than recombinant parental integrase protein.
They are also less efficient at recombining the non-cognate attH x attP substrate pair.- Activities
are presented relative to activity of Int-h/218 on each substrate pair (100%).

[0077] Figure 6B shows _the recombination activity of Int 1 and Int 5 relative to Intjih/2:18 _
attB x atfP. Int 1 recombined attH x attPH 40% more efficiently than Int-h/218 recorubined the
at!B x attP pair. Int5 processed ‘the attH x attPH pair with the same efficiency as IA_nt-h/2.18
recombined its cognate attB x attP pair. Taken together, the data show an additive effect of the
I43A and H61R mutations as the double mutant (Intl) consistently outperforms the single 143A
(Int5) mutant. Activities are presented relative to activity of Int-h/218 on the a#B x atfP substrate
'palr (100%). Error bars indicate standard deviation of two independent experiments.

- [0078] Figure 7 shows a reporter construct containing both attB and attP sites wherein
recombination of att sites flanking an inversely orientated GFP cassette results in expression of
GFP. This reporter construct was used to test recombination by Intl and Int5 in HEK293 cells
(see Figure 8). v | ) |

[0079] Figure 8 shows the preferential recombfnation of episomal 'attIA-TI x dttPH ‘
substrates in HEK293 cells. Cells were transfected with GFP reporter constructs assaying attB x
attP recombination (top panel) or attH x a#/PH recombination (lower panel) along with Int-h/218
and Intl/Int5 expression constructs. GFP expression was imaged 48 hours post-expression. Cells
(n=30,000) were subsequently analysed by FACS analysis. The percentage GFP-positive cells
are indicated in upper left of each pane and represents average +/- SD of two mdependent
experiments. Intl and Int5 processed the atfB x attP substrate less efficiently than Int-h/218
(respectively 50 and 65% activity of Int-218 as measured by FACS analysis). Intl fec_ombined
attH x attPH ~37% more efficiently than a#B x atfP, again in agreement with the in vitro
phenotype. Whilst Int-h/218 and Intl showed similar efficiencies for attH x atfPH as judged by
numbers of GFP positive cells, the average GFP intensity for Int5 was ~ 1.6 fold higher, thus

indicating improved intracellular substrate processing. Int5 preferentially recombined at(B x attP
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(SEQ I D NO 25) Rec-SYBR-HAT 5 ' - CCATACGATGITCCAGATTACGC-3' (SEQ I D NO 26)
SS-F 5' - GGCAGCCTTGAGATCTGG 3" (SEQ ID NO 27) SYBRgDNA-R: 5' -
AAGTCAGTGEQARITOOGAE8A Exanpl e 1: Vector construction PCTBGO®®N00404 egr ase
cDNA was anplified fromthe vector plnt-h1218 (Christ, N and Droge, P.
(2002) Genetic manipul ati on of nmouse enbryonic stemcells by nmutant | anbda
i ntegrase. Cenesis, 32, 203-208) using prinmers IntNDE-F (SEQ ID NO. 2) and
INtECOR (SEQ ID NO 3) and ligated into the Ndel/EcoRl sites of pET-22b to
generat .l HﬁHV)Fﬁltﬂ[I if? i'slaQ§a , mﬁ:h%s |nQP c&{sﬁs%n?rwit%t !.th|5| b%h&v?t?r‘ (\)qfet%x? éc%g{l])' )

i nserted upstream of the I ntegrase gene using priner pairs a B pe E‘T‘SED

| D NO ptyifiedptotpietiiasGied foDinNEmokrulan eecaibitapied F (i500H &rddbOo &pdy frtnopet R

(SEQ I D NO. 6) respective]y. | ified products were phosphoryl ate i ng
T Pol yRECTiE B REPh Y et A BiP arga B JO e e ethein, gidior ¢ G
PET- at trBpdrity vadidtepred - This Hubbitate Avarégft?)gl? MroBRsb AU BHI e thel MtcRRHsES RsfelNA]%

i brary was nmade by error-prone P ,39) using prinmers IntNDE-F (SEQ I D
NO 1) asHdty, daEoot $#0p8EQ | D NO 2) and the parental plnt-h/218 as a

tenpl ate. Sjﬂ%’élﬁ)m g?:i eg slilo%vsrf‘gtqﬁma{ij: %pqg%%éhgrg %f tﬂeng}u%ﬁlﬁ'g gf iarﬁﬁ)tda %f?t(g%rgge the

cl ones had m'ssense nutatl on, WO M ssense nutati o 17%
had t hrgeseroted msing Bynsd.cloefepanet: apuanerarastcicAy®ofdredambddinteppase tétioaner bburidhe

subsequently sel ecte \tions. opserved. Librar NA was restricted
ona” TRt an ot s Dol N EEnef b B int s L e s BB DN Toraigone
r enpvedhd deSTtdeR] ahaVae doMEn20pRd 51 ASRETYRGH HRRRAL hafh@ di®tRNY. as
next anplified by PCR using priners Pet-F2 (SEQ ID NO._7) and Pet-RC (SEQ

| D NO tefymipg) deanat fostop righfpapplalY ersgleated snutesions dn ghet €B dommpirethaCarpdn tﬂH—I

vect or . d iLesdik mut agenesi s of the parental
pCWat t%@nﬁ’g’pm’?ﬁy@?‘cﬁ??{%{%&%ﬂS@f%’ﬁg‘fl' T. and Droge, P. (2002) .

Si t e- speci f i[6081¢ Fagryie 18tshows ihe lecdtiany edd qumiedrs of metitiatnepgiedent mkaakn bf tharfbda

i ntegrases; .inplications.for.s tic C | ex,fo tion and the reactivity
of ot uibretisRRnERh LS iy At inCGRGRabRTTR! o7 SN, "Gl Kehange
mut agenesi s [6082] PigurStNal speRahe fstdmpPinatien actp@yMEtthEphrekidl {rdbQuields NGt 19)
and pCwatt PH- 1 att PH substrate for sel ections was

& (SEQ ID NO_ 10 |
ey 6t Shyt BORVGUITEEPS crllpme PG T Sher T EPHES: TH oD fhep. 1
( SEQ I aPdiXal dderadads hidst ﬂ%’i@fg b bRibifhg Hf?:rgﬁli@éeﬂouscﬁfﬁ?ﬁ{ﬁzgﬂété%é LEsiRe attP

substrates were generated by PCR using prinmer pairs pet-F2 ( I'D NO 7)!
| nt FRe\byRugteptdevdts oW FR gypressivnpCWatt P-F3 (SEQ ID NO 11)! pCwattP-Rl ( SEQ

ID NO 12) ' t .B- .an t t respectively.
The parent aﬂ&g;mp 5%?6%182@ rtnﬁ%i re\%ﬁ%@%ﬁ% %%ﬁfé_ |°3 tff?r%cjavlM ?ttgg%omlé%g%ﬁgm. 1
i ndeperadé ) oflticdntdnann ad HEK B3acdls akingl ardarftH malisirate paireiising/iha attHaltPHi me

PCR (see, below). This was. achi eved by nutating. the P rimng site. -
RC. SVBRLTSS BHcEraiy et HE TR 515 MOt B R 1 Zrep ! RGSFaSopRal AT
(5" - CCARGWAMTAT CASHT dAE S 103the pareh@l InRgMde. 25) usi ng mut ageni ¢ PCR The

i nactive nutant Y342A integrase (41) expression construct was nade by

Qui ckchange mut agenesis of pET-attH Int using priners IntY432A-QC1 (SEQ ID
NO 14) and IntY342A-QC2 (SEQ | D NEXAMPLEBRor purification of reconbi nant
proteins, integrase clones were subcloned into pET-22b with a Cterm nal
hexahi stidine tag using prinmers IntNDE-F (SEQ ID NO 2) and |Int ECOH S-R
(SEQ | D NO. 14084] The followpngaen bmiting ¢iEmEs drealbq Blustrative pf Hheeprgesse despabeas

S I R Sy (21010

- Materials : : '
[0085] Oligonucleotides were purchased from ist BASE (Singapore);-; rést_rictibh
enzymes and T4 polynucleotide kinase were from NEB; Accuzyme DNA polymerase aﬁd T7
RNA polymerase were from Bioline (UK); DNA purification kits were from Qiagen and

chemical reagents were from Sigma. The following primers were used:
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[ 0087] GFP-reporter vectors nmeasuring attH x attPH and attH x attP
reconbination in cis were generated by Qui ckchange nmutagenesis of the
vector pkwB20B2Ap6u8i ng prinmer pairs attBHQCL (SEQ | D NOPCZEG261a1t00B24QC2
(SEQ ID NGO 22) and attP-PHQC-1 (SEQ ID NGO 19) /attP-PHQC-2 (SEQ I D NO
20). Exanple 2: In vitro selection of integrase nutants [0088] In
vitro coupled transcription-translation reactions were assenbled on ice in
50 pi vol unes and conprised 37% (v/v) T7 extract (Novagen), 30 ng (38.1

f ol , -@E Né% i ntegrase variants) nutant |ibrary expression tenplate
(for rouRBEF. §F CREACRTAPHGGRAGAAGBCBARGTEASEHALRGCHO

2011/ 056148PCT/ SG2010/ 000424 subsequent rounds), 20 ng (50.7 fnol) attPH
substr a¢ep [fo: 3ound 1 of selection; 5 1, 0.5 ng used in subsequent

r ounds )intBOd- R05’EC#ktT({AZ\IEGIUAMANT‘GARMCQMYMH&EA(&QQCWQCQa;ch of conpeting
att13 and attP substrates (respectively 4.9 and 2 pnol) was al so added (for
rounds (SEQHUNQ: 44f sel ection; 1200 ng was used in rounds 3 and 4). The above
react i @nBnetE: SFICETTTET AL AACTEGSTHGATESCHGEALCGAT ReGIIC-E. X. , Coonber,

D.W, Lane, D.P. and G’1adessy, F.J. (2007) Directed evolution of p53

vari antSEQIRNOt er ed DNA- bi ndi n ng specificities by in vitro

conpar AHFEREE Y EEPFEFTCTT%C%A& GHAHCC f%AfﬁﬁGéﬁacﬁhen i ncubated at 30C

for 45FS oy mul si on was di srupt ed by ether extraction -and the aqueous
phase & ConcentratorTm-5 Kit (Zyrno

Resear ci%gped%'h purllg? e‘%ﬁT%ﬁ on pr oducts were anplified by up to 3 rounds
of PCR( dﬁ)ﬂq@ ensequentially nested primer pairs SS-F and PetRC, SS-F and

I nt ECOPB,FzRgccﬁ%(%ﬁAf@ﬂ;dmcﬁm’R and ligated into pET-attH as descri bed
above. Expression tenpl ates for subsequent rounds of selection were then
anpl i fi(eE) WMORER using prinmers pET-F2 and pET-RC. After round 4 of

sel ect iParRC:5SheGGATADAGBECCIICATTCAGOAEr y was redi versified by staggered
extension process (StEP) PCR shuffling (40) of the four nobst active cl ones
Wi th t KEGHEN®@i%g |ibrary. Exanple 3: Screening of clones 00891

d ones PidVetIEREENed by in vitro coupled transcription-translation followed
by real: quWTﬁ@ﬁTTW THEAFALRFTTARA AT TECEAL IALHOPNEACEOTEPER wer e
first via PCR using priners pET-F2 (SEQ1D NGO 7) and pET-RC (SEQ
| D NO gﬁr)fn pur|f| ed using the DNA Cl ean & ConcentratorTM -5 Kit as

Ple:]ear attH 1 nt egr ase const rﬁ@TQW@%EA#qﬁ%%&%% r’lﬁ\[%%‘c\%‘g%Pr oTM T7

Syst em¢gdpiagsny) Reactions were |ncubat ed for 45 mmat 37C. Prior to

real -tIpCM\PﬁRFﬁBatQQ&AﬁAA@thGQ@@AW’Iﬂé swere purified with the DNA C ean &

ConcentratorTM -5 Kit and eluted in 12 AL water. Real -time PCR was

per f or €80 WX 12D0NM each of prinmers Rec-SYBR-F2 (SEQ ID NO 23) and

Rec- SYBEMN3tK-BEQ -ADTOIRGACANTGCOATGCAs3’ for attH x att PH reconbi nati on) and

primers Rec- SYBR-HAT (SEQ ID NGO 25) and Rec-SYBR-R3 (SEQ ID NO 24) (to

det ect (JEQIDAQB3k att P reconbi nat i on% using 3 AL of the eluate in a 20 Al

final %1Fﬁﬁ’éRM’t(FﬁTWT§Wf & M qPCR Supermix for iCycler(r)

(Invitr %i BIO Rad i Cycler 1QInb The cycling paraneters were 95C for
%ét‘"

for in et AR o AR AR Soong

-
=20

for inte
EcoRIr @% uman genom ¢ DNA, 20ng Ilnear i ntegrase construct, and 1
42§t

Ong i S@ﬁ%dmrbmcz%cﬁcémmmﬂm%@maGtsr ans| at i on

reaction. Reactl ons wer e incubated and processed as

2011/ O%6EABRG@/ 1832010/ 000424 - above. The priners used for real -tinme

quant i fiitE@OMHISIR:Wer e Rec- SYBR-F2 (SEQ ID NO 23) and SYBRgDNA-R (SEQ I D NO
27).  5’CTCTGAATTCTCATTAGTGGTGATGGTGATGATGTTTGATTTCAATTTTGTCCCACTCCCTGCC-3’

(SEQID NO: 17) '
IntECO-F: 5’-CGGAATTCCGATGGGAAGAAGGCGAAGTCATGAGCGC-3’

(SEQ ID NO: 18)
IntXBA-R: 5°-GCTCTAGAGCTCAGTGATGGTGATGGTGATGTAATTTG-3’
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Exanpl e 4: Western bl ot anal ysis [ 0090] I Ong of linear substrate
containing the parental or nutein genes was conbined with the Novagen
EcoProTMW® 2exitase8 in a 20 ill reaction, and incubat edPCorSG300wbe2at 30C.
For Western blot analysis, 3 ill of the above reactions was diluted 5x with
wat er and subsequently size fractionated by SDS-PAGE on 10% bi s-Tri s NuPAge
gels in MOPS-SDS running buffer (lnvitrogen) at 150 V for 90 mn, and
transferred to Hybond-P(r) PVDF nenbrane (CE Heal thcare) in NuPage transfer
buffer (lInvitrogen) with 10% net hanol at 40 V for 60 nmat 4C. The nenbrane
was prg oslipidhof abbi t polyclonal to the 6xhis tag (abl1187, Abcam.

Ant i bodyp-pHQE eisNCCRPITtEXET CASICE TT e TAdth dnGdddATATES AL ShRFdGe-Flet ect ed
on the Bio-Rad VersaDocTM I magi ng System and quantified using Quantity One
4.6.5 ssHQmEN@:.20Exanple 5 Protein expression & purification [0091] 2
m cul tauP-BEQGE: SEGCAAIGCBIII TABREAIGCECASTTGG T AT ANGAANEGY AGAATGSAPARARG-3’
integrase vectors were grown for 16 h at 37C i n Luri a-Bertani (LB): br ot h
suppl efERBINQiI2h Anpicillin 10011 /int Sigma). 100 M of fresh LB broth
was t hétBHRSA3-aBedAGLTBANGEC AE&C@M@EGQAGCQM%CMTT@AQ 3h to an
A600 of -0.5__|Integrase expre55| on was i nduced with 0.1nmM | PTG (I nvitrogen)

for 2, é“‘ﬂﬁg %{%a@’é@%ﬁefzﬁ@qm&%@&w BB R s et

10mM i pd prot ease inhibitor cocktail tabl et; conplete mni
EDTA- f RggSYﬁ gg A TEY 284 Aé gation. Cell debrl s was removed by
centrifugation at 13,000 rpm mn at 4 C Ceared | ysates contai ning

t he 6xkimsy ipagged) i nt egrase prot e| ns were mxed with 1.5ml of nickel-charged
resin (Rb- SWFARAgaJm@rccQoﬁﬁENrcmAmdmd been pre-equilibrated in binding
buffer. The beads were subsequently rotated with the protein extracts for 3
h at 4GEQDENOGi25NTA resins were then washed six tinmes with chilled wash
buf f er RePBSBR-HAOPACCATEZOTETTCOMBABRYUERY' al el ution steps were perfornmed,
each-with 120 1 of eI ution buffer (250mMM i m dazole, 50nM Tris-HC1 [pH 8],
1mM DT{SEQ! 1 _and 10nM EDTA). The anmount of protein rel eased was

det er mSH&Q” QWGFHEG&?MQ @FArt TM Bradf ord Reagent (Bio-Rad Laboratori es)
as per er s instructions. The purity of all proteins was

det er i of pol yacryl am de gels (NuPAGE(r)
Novox S7F i S@A%@\ﬁ??ggé‘ﬁ WD 2011/ 056148PCT/ SG2010/ 000424
Exanpl e 6: I n VI t ro reconbi nation assay for purified proteins [ 0092]

1 lag of purified reconbi namxampleeljr\éemorpww‘stfiwnoms i ncubated with 200rig

37C i - ecoNUAL I ERFErER et ooror e R o B ATRIGERS, "o BT, “10

MM EDTA, (2002Y/Geneto wiaRipusion rof ah&ussi sibrydiie sfe@acélisory ﬁﬁkdﬂlﬂ'@axﬂ@@ ia'é:gﬁse 1
jti of this reaction was subsequently used for real-ti uantifi catl on

of recSiBrattot3etld) uresppmss MNRERHESFEQHRNO: ZEﬁaqirEmBC@ R@%E IBNQue.
FACS angh ¥igitsd into the NEDERbR\ites 07 pETO ! tH ndrBRIRN St ”Ichll Ln eellgia aaB! CS

were obtained fromlnvitrogen/ G bco and Nunc, respectively,
ot her wios ettlsl pé@a Were then@oderted ubttiermsd filley iptegedse EeriernsiegingT Gai atHB- 5%‘@ED

0% ho 1P Ytkaby s i B3t o G b Bk tpgfo R B T R0
peni ci rdspedtistiye pingilified rprocmetsrms fpﬁﬁiplh@fyleﬁéd Ldih e G4 @s@neaa@ttdeuﬁﬁa&e iafid PEIPNA
3.1 an(il Q#R reporttg gg nb;} %tg_éZQ(i cells was performed in 6-well

pl at es 1838H \RERL 10r YrdPE OF; At B- Do gk T-etthlelne Aseadeplyaputaggimsd inserae
800, OOQDNﬂ 11§rai%5{5va§"ﬁ’lahe b3 elrbfpfhe @@1@(&8@9%%1@115}1%% Inmﬁﬂrfa%(?ﬁﬂﬁ(ﬁ ugt 1n

pcDNA 3.1 was transfected per wel together with ig of R usi ng

Li pof e@@éMtEGCEB(I@EQ HYiNQ o@emd the mmntﬁminﬁld%t& pep’ tsmpllawsspwnmog:t)f IAI |
transf ?zﬁldogﬂ OX\§ &&fé?ﬁ 4lceaged0[H£t 259/ e cfo%%\g ha ?ﬁeglﬁmnﬁelgs% IenclLlltbé1 r,@3‘9 ! d000

hour s prior SI'S acs Arla ton I NSO
cel | s \weo enisseadeymetitibn; 1%&@@5@1 More hissenpé enufations and 25% were wild-type.

None of the subsequently selected mutations were observed. Library DNA was restricted and

ligated into pET-attH vector (pET-attH-Int with the parental Int gene removed) described above.
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[ 0094] The present exanple illustrates the reconbination activity of the
parental and selected nuteins (Int 1 and 5) of the invention in HEK 293
cell s usiwgQattyBbaB8t P and attH att PH. [ 0095] Al eelrisGeudotonrde4
reagents and culture plastics were obtained fromlInvitrogen/ G bco and Nunc,
respectively, unless otherw se specified. Cell cultures were naintai ned at
37C with 5% CO2. HEK-293 (ATCC. CRL-1573) cells were maintained in DVEM
suppl emented with 10% heat-i nactivated FBS, 2nM L-gl utam ne and 1% (v/v)

penici | Lfstrepto CII’I ection of ru

B i e s RS i b R e p Sl e R TR hih %y RER5EL
cel I s uBsNger §)otoT@endrite Glineat |DI’ﬂ)Aateﬁﬁ>laté§4fbrb§B‘l<§Uh©nt TROSICMVa@PH R 6Rad S
were seeded at a densjty of 800,000 cells per well. 1 |ag_ of .the parental

or thecmtwwdcwhgw%qctqdnnﬁ%ﬁwsss of fhesParpatak PEM VPt Rliasmid (Chegt Per
W th 2 dorbih, af aﬂtf‘ DB AEHHS- ét@%e&ﬂc L RpfisRitRN ﬁeeu%g%tlé IchYé ke H’igﬁ‘:@)b S

per manuf acf urer s | nstruct| ons ug sel ect1 on was per ormed wt
j i g/ ml mftarGAadbdSingegadses: nP1zatidns0H6 s38PET/ SCRDX0 f@DOUM and the re[acm@@] ofAs

* ccomtieRistu REA taBlinoh e el 3 a Snal AR BSolRulet pRimiaatiShebe: o

of GFP(Sxpagas) aml phﬁmvaW&PHgQChQSBQtIH Wa: R @dQﬂIM%&PHJQEZ {SE@ IDor e
active_than the parent%}é} eqte grase. Int 5 shows simlar |levels of activity
éS

to t he Nf&r A edPH shbstigt ections wag gepppated by Bt RasmeprisiestrEeMVistB B4 PES: e
type map ﬁ@ﬁowjta&d%cmmke({sw th NoRt {2 Hifde aRNBERALA®R RBSRO TR ate.

di splayed by Intl and Int5 in the epi somal "cel | -based assay when conpared
Wit h t lGempetior ugBolnd siiReybstratesi were gengrateth by PEIR uding edmaxss?alss pet-E2 ¢BIBQ ARt i on
occurs i {£s, 4"

The seINe(l();lt I o/?\mgl}egt%gghgrﬁ tcl)\KZd earnglp(ralc g/rg%lgll% s(lgf% 82 presen )DN%Waﬁgﬁa{nd
addi t i ¢SRQ! D NO/olz)edxdspllashﬂnten@lataanlmaﬁBdﬁt mdrp@M‘t/atPnEﬂ‘slAesﬂAttﬁ\kmutT}bel ng

bound b ul ar .t heor j nt restl poss bility e explo

{ urt hePhieaal REMY ﬂﬁ’%mlgfsﬂg@ Wiscasinonpmoditird Pakpable; lﬂ‘ﬂf‘é’Fﬁ‘Eﬂ"égﬁ‘F%ﬂon

| nt r amplBC kP hrrHEResAbiAAN drP Bvenf) N Rlal-RAS SP@R' (séey bél@(ﬁvg U DRis ORACAHRSed by

di screpancy is the reduced dynanm c ran e i nherent to the GFP reporter assay

conpar autatngtthe PERaprimingwitp cﬁjaiwtza -oMGEISHCACTCCCAGSTR]-3P(BRQ dDs
studi endiays SRRUNSTBRALRY SUEVAPACCARBATCCAGXTIAC- f%;) EWnb]\g(g 2 5

consequence ‘of sel ect1on pressur or altered speci
and Cr esingnondgenaPER. Tﬂeenammmmmmﬁ’wéﬁcmtegmsh (ad)y eipneskion cen(smrpd was thadel and

non- e ¥ RHERERPTHS R EdH s G A P s e ] e Fhin i)
| nt - 12348 ew3¥27e- QY (SEQ W ND: tllﬂ? F'oﬂbﬁﬁ‘ﬁcatlbﬂ 6?re@6ﬁbﬂlb§tq;rbt@ﬂlfsf1h&lgﬁﬁé clehes
reconbining attH x attP in the reporter assay. These results: suggest

that t AeTeeHbslopghito BET 22b Ngﬂmcée@aPMayam%xﬂmedgg wsing pemesdpNRE-E(SEQr get
site SW%N(B‘Z‘)'aBX{ntE&Sﬁ—?‘SQ( @Eqvns mwtlg Qxﬂ}Qééﬂﬂ ﬁngg@ésre@ﬁé Iﬁégr%fe égéﬂ&my,

it can be ant’icipate hat " nore roun "'VC w t tlona t1on
pr essumerg amp,lnfé@ssmgqvnp@'s intBECOsE KSEQ alDé‘é,OahB and dutXBA\-Rr(SEREID NO: 1 8)narg)

|l d fi
{onoo ot B BersSfies dbaPRALE 1o%F fwenti on T econbi ne. the chosen

non- cognat e [0087p e}lFPSxepme:m vectbR didaB@inpaimH RgyPHend heHai 4P fesrbiRston(ik efsmed
attH) nore efficjently than the parental int egrase | nt-h1218 recaonbi nes

attB (Mgupesrachhy Qickehmge fﬁ“‘@ﬂ‘i’}eé‘s%é’%‘i yector BMBHAALYS B PERER AYEGEUR; t he
i ntraceida @gEquom D3} I AB-AHCOPISE B NECIHI Sidl APHEGOS afd 30 (b IYG)e

11). The attH sequence was identi |ed herei n "bears honology to the attB
sequendatP- QG 2(SBQ ID NO: 201.001001 Surprl singly, nutations conferring on

mut ei ns accordingly t the ifvention ltered specificity generally
reside in the N-terni gﬁ’ r‘glevgfo %%Pﬁﬁgﬂgegmfe mgg A This was not
previ ously I{(ms&plrf Qtrod:bt’llﬁiédl tragschipti@gtrasatimaeadtionis wyre abdsnblddodisicedi Sd‘lyl
reside i P t he WD 011/ 056148PCT/ SG2010/ 000424 10 -

umes and comprised 37% (v/v) T7 extract (Novagen), 30 ng (38.1 fmol, ~1.5 x 10"" integrase

variants) mutant library expression template (for round 1 of selection; 5, 1, 0.5 ng used in
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termnal domain may therefore allosterically nodul ate integrase activity.

Therefore, the nuteins of the present invention provide a robust in vitro
pl at f or mWwonotimsedevel opnment of novel integrase nutei nsPCESG2010/000424

bi ot echnol ogi cal applications. Furthernore, the inproved in vitro

reconbi nati on by using the nmuteins of the present invention and the attH x
att PH substrate pair indicates that the nmuteins described herein nmay be a
useful reagent tool for reconbination-based cloning applications.

[ 00101]skbgqhdre rramqs)oao QF 5045 Bholy aBﬁH%uwn%vel @HSbUndPL Bt de E&ﬂg? > dqum ufs@at hi's

speC|f|cat|on shoul'd necessarily taken -as an ac enen
t he dodusehsequest yoands)@nd Oibeul£2. étuelt@le RHAarotlymﬁrrases 8@Q)mgrmhgx€ raemgétmg attB -

know I ane h I nc at ed h ref erence
R e S T R P R S A e o
generi dQDO ylg 1= ﬁ'«;dﬂl inroudids Gfantl [48. T}erbGV@fea&ﬂﬁhGWﬁSenﬂﬂlﬁﬁédlﬁkQﬁeﬁbhﬁy dERHPdANYS
fallin (53%,{§q eneric disclosure also formpart of the. invention. This

i ncl ud ’é el WVi peno P -6 andghadesemE IJO (\2%7} Rirgetad gyolytiomef p53
negat i Wﬁn&dtm\ﬁll@‘f[ lRPed ﬁm/bfﬁgm%r%eéﬂpﬂn@§i) rmtv'itﬁf QfalBE0YT 7 IBPBES! ess

of whether or not the excised materi al |s speC| y recited herein.
[ 00103P® hEF38ekM8 dindethers ingnkated ath3ACt foe 46 ohlmoﬂ\‘bmgmlsmnnwas Hisrupckali by ether

e SR BRSNS RNN CrE R S5 B o
is al sd{ebdfmlﬂb"yhdﬁmﬁ:ﬂiédbmlkciiﬁn lpﬁj’diIBtsQi/eralamphﬂéﬂ :3% dnpab INRIUAEY oPPCRURENK @i Of
rrenber Ss. o t{]F ne nm ; Ou1rs SS-F ang 1P]é/tl({)é 6]S§813Pglré ?IE?E%]OO{{O%%%-ZS%BCII{_-@TZVP d\/\hat
i s cl aSHBnigly sted pa n
IntECO-R, and ligated into pET-attH as described above. Expressxon templates for subsequent
rounds of selection were then amplified via PCR using primérs pET-F2 and pET-RC. After round
4 of selection, the integrase mutant library was rediversified by staggered extension procéss
(StEP) PCR shuffling (40) of the four most active clones with the starting library.
' Example 3: Screening of clones
- [0089] Clones were screened by in vitro coupled transcription—translation followed by |
real-time PCR. The individual integrase clones coupled to atfH were first amplified via PCR
using primers pET-F2 (SEQ ID NO: 7) and pET-RC (SEQ ID NO: 8) and then puriﬁed usipg the
DNA Clean & Concentrator™ -5 Kit as per manufacturer’s instructions. Each 25 pl reaction
comprised >20ng of linear atfH-integrase construct and ZOng of linear a#/PH in the Eé;q?roT:M T7 |
System (Novagen). Reactions were incubated for 45 rﬁih. at 37°C. Priof to realdj-tir‘ne PCR j
analysis, all reactions were purified with the DNA Clean &>Concentratc.)rTM -5 Kit and eluted in
12 pL water. Real-time PCR was performed with 200nM each of primers Rec-SYBR—F2 (SEQ
ID NO: 23) and Rec-SYBR-R3 (SEQ ID NO: 24) (to detect for atH x attPH recombihation) and
primers Rec-SYBR-HAT (SEQ ID NO: 25) and Rec-SYBR-R3 (SEQ ID NO: 24) (to :detec_t for
attB x attP recombination) using 3 uL of the eluate in a 20 ul final volume with the .SYBR®
GreenER™ qPCR Supermix for iCycler® (Invitrogen) on a Bio-Rad iCycler IQ™S5. The cycling
parameters were 95°C for 15 seconds followed by 60 °C for 60 seconds (40 cycles).‘ Reactions
assaying for integration into endogenous a#H in genomic DNA comprised 3001_1g5 EcoRI-
restricted human genomic DNA, 20ng linear integrase construct, and 10ng linear at/PH substrate

in a 25 pL in vitro transcription-translation reaction. Reactions were incubated and processed as
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1. Anmutein of the | anbda integrase wherein at |east one of the am no acid
resi dues at sequence positions 6 to 41, 43 to 63, 65 to 98 and 100 to 168
of the nawonali/@mi4o acid sequence of the |anbda integrase/Se0®@poforth in
SEQIDNO 1 is nutated. 2. The nutein according to claim1l, wherein at

| east one of the am no acid residues at sequence positions 6 to 36, 6 to
30, 6 to 24, 6 to 19, 6 to 14, 6 to 10, 10 to 41, 16 to 41, 22 to 41, 30 to
41, 35 to 41, 43 to 61, 43 to 54, 43 to 48, 46 to 63, 51 to 63, 56 to 63,

50 b kel B i i .o, B0 81 M
to 130,S¥iféi®gEBAi&ﬁS,EQ®_1@ N@& 239, 100 to 110, 108 to 168, 119 to 168,
Example 4: Western blot analysis
[0090] 10ng of linear substrate .containing the parental or mutein genes was combined
with the Novagen EcoPro™ T7 extract in a 20 ul reaction, and incubated for 30 min ét 30°C. For
Western blot analysis, 3 pl of the above reactions was diluted 5x with water and sﬁbsequently
size fractionated by SDS-PAGE on 10% bis-Tris NuPAge gels in MOPS-SDS running buffer
(Invitrogen) at 150 V for 90 min, and transferred to Hybond-P® PVDF 'membrene (GE
Healthcare) in NuPage transfer buffer (Invitrogen) with 10% methanol at 40 V for 60 min at 4°C.
The membrane was probed with rabbit polyclonal to the 6xhis tag (ab1187, Abcam). Antibody-
protein complexes were identified by ECL-Plus (Amersham), detected on the Bio- Rad
| VersaDoc™ Imaging System and quantified using Quantity One 4.6.5 software. |
Example 5: Protein expression & purification
[0091] 2 ml culfures of E. coli BL21 (DE3) cells carrying the various pet22 integrase
vectors were grown for 16 h at 37°C in Luria-Bertani (LB) broth supplemented with Ampicillin
(100pug/ml; Sigma). 100 ml of fresh LB broth was then inoculated with 1ml of these cultures and
grown for 2-3 h to an Agp of ~0.5. Integrase expression was induced with 0.1mM IPTG
(Invitrogen) for 3 h; cultures were shaken at 30°C during induction. The cells were pelleted.
resuspended in binding buffer (IOmM Tris-HCI [pH 8], 150mM NaCl, 10mM 1m1dazole and
protease inhibitor cocktail tablet; complete mini EDTA- free (Roche) and lysed by somcatlon B
Cell debris was removed by centrifugation at 13,000 rpm for 45 min at 4 °C. Clegred lysat_es‘
containing the 6xHis-tagged integrase proteins were mixedi with 1.5ml' of nickel-charged resin :
(Ni-NTA Agarose; QIAGEN) which had been pre-equilibrated in binding buffer. The Beads were
subsequently rotated with the protein extracts for 3 h at 4°C. The Ni-NTA resins were then
washed six times with chilled wash buffer (PBS + 80mM xmldazole) Two sequential elutlon
steps were performed, each with 120pl of elution buffer (250mM imidazole, 50mM Tris-HCI
[pH 8], 1ImM DTT, 150mM NaCl and 10mM EDTA). The amount of protein releésed was
determined using the Qulck -Start™ Bradford Reagent (Bio-Rad Laboratones) as per
manufacturer’s instructions. The purity .of all proteins was determined by Coomassie Blue

staining of polyacrylamide gels (NuPAGE® Novex 4-12% Bis-Tris Gel; Invitrogen).
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128 to 168, 136 to 168, 145 to 168 and 150 to 168 of the natural am no
aci d sequence of the lanbda integrase as set forth in SEQID NGO 1 is

nmut at ed. 8O 20hi@5m48ei n according to claim 1l or 2, wherePAT&G20w@a81420ne oOf
the ami no acid residues at sequence positions 43 to 61, 43 to 54, 43 to 48,
46 to 63, 51 to 63, 56 to 63, 59 to 63, 100 to 160, 100 to 151, 100 to 144,
100 to 137, 100 to 130, 100 to 124, 108 to 168 and 119 to 168 of the
natural am no acid sequence of the | anbda integrase as set forth in SEQ ID

NO: 1 is nutated. Edamplics: THbRr6mBiditiE abQyThAhHified E.g;gn at | east one
of the am no acid residues at sequence positrons 4§, 61 and 122 of the

nat ural ani €993t il diesefqpuified respmbinant integthae protedy was gicabatekwith @00y ofilin8&Q | D
NO 1 . e mitein cor di t gHan -Qf. cl ai l.to 4,
wher o 1 bBEE and 1000 ot hleEL DPRERERIRI A0k #1726 n fecrBBation Bulfers ¢ o
36, 6 (BHM risopl24,5,500anONaCL 125 H DT, A 016M £DTA $ing/MbbbAndSeruml t O
63, 56 to Gé d 59 .to 63 of the natural am no acid sequence of the | anbda
i nt egr é@’é‘mé 38? reagHom, volymepegs) 33 Mol 1 of ghisygagtieny wagygpbsequently used for real-

2011/ 05EARACT DGR thbnatibR  fTBnE) Bs AGEWBA BBv4.0 €l ai m 5, wherein at

| east one of the amino acid residues at Sequence positions 8 and 61 of the
natural amino acid selsample GiCellultune8BACKanglysise as set forth in SEQ ID

NO 1 is mnmu A1 et ' i.na,.to anyv ope.of .clajns 1 t0.6,
further co 03{92{1%1 cgllﬁﬁﬁ%@%%eg?%ﬁ ﬁgﬁlglﬁe astes; Vpre QRiANGd fré’%t"é’ftﬁ(’@e‘é@lbco
sequeneed st tregrc@6ly,afnldshethravise gpecifiedn Gl cukurse geeN@Einainddhe 37earringd

| ntegr WL C%)Sz I?I%&(—Eé)}r E/K‘T bB éﬁ%—ig.’)g\l?éllslbvere maintained in DMEM suppleménted_ with
10% heat-inactivated FBS, 2mM L-glutamine and l%j (viv) penicillin/streptorﬁycinﬁ Co- _
trénsfection of integrase construéts in pcDNA 3.1 and pMR reporter plasmid into 293 cells Was.
performed in 6-well plates. 24h before transfection, 293 cells were seeded at a density of 800,000 |
cells per well. 1 pg of parental or mutant integrase construct in pcDNA 3.1 was transfected per
well, together with 2 pg of pAIR using Lipofectamine 2000 (Invitrogen) as per manufacturer’s ,
instructions. All transfections were carried out in duplicate. Cells were incubated for 48 hours
bprior to FACS analysis on the Facs Aria (Beckton Dickinson). 30,000 cells were analysed for
GFP expression. ' ’
Example 8 - _

[0094] The present example illustrates the recombination activity of thé parental and. :
selected muteins (Int 1 and 5) of the invention in HEK 293 célls using atB/attP and at_z:‘H/:a’ttPH:.:

[0095] All cell culture reagents and culture plastics were obtained from Invitrdgén/Gibéo ,
and Nunc, respectively, unless otherwise specified. Cell cultures were maintained at£37°C. with -
5% CO2. HEK-293 (ATCC: CRL-1573) cells were maintained in DMEM supplemented with
10% heat-inactivated FBS, 2mM L-glutamine and 1% (v/v) penicillin/streptonijtcin. :Co-
transfection of Integrase constructs in pcDNA 3.1 with IRES-NEO resistance plasmids or pAIR
reporter plasmid into 293 cells was performed in 6-well plates. 24h before transfectioﬂ, 293 cells
were seeded at a density of 800,000 cells per well. 1 pg of the parental or the mutein coﬁstruct in
pcDNA 3.1 was transfected per well, together with 2 pg of pXIR or pGFP3.1 using
Lipofectamine 2000 (Invitroggn) as per manufacturer’s: instructions. Drug selection: waé

performed with 500 pg/ml of G418 (Sigma).
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8. The nmutein according to claim7, wherein at |east one of the am no acid
resi dues at sequence positions 100 to 160, 100 to 151, 100 to 144, 100 to
137, 100 wo208@56m80 to 124, 108 to 168, 119 to 168 andPeé®BGad10toh@2nat ur a
am no acid sequence of the lanbda integrase as set forth in SEQIDNO 1 is
mutated. 9. The nutein according to claim8, wherein at |east one of the
amno acid residues at sequence positions 122 and 262 of the natural am no
acid sequence of the |anbda integrase as set forth in SEQIDNO 1 is

nmut at ed. 10.[00dsf ARUERIwh ‘?&%éLQég]g L1 Ry gRn arf:’r‘italC hﬁ ses 1st 910 t Brydgggg e he

am no acid re5|due i sol euci né at sequence positlon y an
ar omat irecomhiniog sl ehdoganou¥a¢PimBeiubsteate ay shoma bphxghest mavm of\m@n -etpression.

aronat i ted fr rou henyl al ani ne,

Fyr osi e autst U5 Be kAP MRk LY 1° ahS Pl R, Pttt IBFEetea e 1 o

11, whehewssitdiler nels of agivity tetie puenhal Fitdgdisee - at sequence pOSItIOﬂ 61-is
charged amino acid. .13. The nutein according to

epl aced b sitivel
£| gi m 12, h@’r@fﬁ\ f??élep%ngfFP%lnySL@ﬁfa%t@ épeaitinaceauniiior shashker metFok duphi ne.
14. Tthd@d{tﬁﬁdﬁoﬁCp}@ﬁ disPl1a98Y b9t 10hndL b rHi the te@mfh%al X\Qghﬂed‘ ad) \Qhrdnl
acid residue |lysine at sequence position 122 isr ced posrtively
char gedominnggd vadi the reswis olgained 56148 PIBThSGILLS£ @M?Aedsﬁnbﬂzhmnmsttﬁ's Iin cis,

2601 O L 5 40 AR L SSRGS, S 361 e

t he anitargetasities! presait duieragh uaharzumuam@ lavclsaquoeﬁenammduh@rbf&ohﬁneﬁep imaegd by

a posi r\*’l\{}?du¥ bglplg' %gﬁgd l?'ymad]yopa?‘tcl;clzu?ar theory, an interesting possibility to be explored further is
that the newly selected Int mutems favor intermolecular over intramolecular recombmatlon v
Another possibility for the observed discrepancy is the reduced dynamic range mherent to the :
GFP reporter assay compared to the real-time PCR quantitation assay.

[0098] Preylous studies have shown relaxed substrate specificity to be the immediate
consequence of selection pressure for altered specificity in lambda, Flp and Cre recombinases.
The muteins as described herein for example, Intl and Int5, are less proficient at recombining in |
vitro both attB x atfP and the non-matching a#tH x atP substrate pair when compared to the
parental Int-h/218 enzyme. Along with the latter, they are also inefficient at recombining azfH x
,attP in the GFP reporter assay. These results suggest that the mutational drift is on a pathway
towards a more restricted target site specificity. Therefore, w1thout being bound by any partrcular ,
theory, it can be anticipated that more rounds of IVC. with addmonal selectlon pressure ‘
(mcreased competitor substrates and reduced mcubatlon tlmes) will y1e1d mutants.. dlsplaymg‘ :
further restricted specificities. '

[0099] In conclusion, 'the muteins of the invention recombine the chosen non-cognate
target sequence bearing homology to the attB sequence (termed attH) more efficiently than the
parental integrase Int-h/218 recombines a#B (Figures 4 and 6). The in vitro specificity phenotype
extended to the intracellular recombination of episomal vectors in HEK293 cells (Figure 11). The .
attH sequence was identified herein bears homology to the attB sequence (Figure 1). L

‘ [00100] | Surpnsmgly, mutations conferring on mutems accordingly to the invention
w1th altered specificity generally reside in the N-terminal domain of the lambda mtegrase ThlS

was not previously known for directing integrase spe01ﬁc1ty Mutations which reside in the N-
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17. The mutein according to claim 16 wherein the positively charged am no
acid is arginine or lysine. 18. The nutein according to any one of clains 7
to 9, wheweinitdsel48am no aci d resi due cystei ne at sequen®eT{SG201M0[00042262 | S
repl aced by a positively charged am no acid. 19. The nutein according to
claim 18, wherein the positively charged amno acid is |lysine or arginine.
20. The nmutein according to any one of clains 1 to 19, further conprising a
mutati on of at |east one of the ami no acid residues at sequence positions
182, 25%@;}& d6m3inQhayt et lanaéte@emg bt BEGHREGEIWy. TherefRIAAMuRERIT ase
as set torth in lS}EQID NO 1. 21. The nutein according to any one of clains
1 to 20f thetpeesentinvéngion pravidesciobustes vidnoeplatfayinifion the alevelepment ©f npvad intégrase109

is replaced lL.ycine.. 22 The. nuteip according to_any one of .claimg. 1 to
7, e e HrE sl S Siiedice B M kfeL iRt SnE el 50
isT ephﬁﬁ%dhebﬁﬁpgimt‘df:’!ﬁe pRegent THv@ntidt &idtthaGedl xluimRH tsobstiad pai@dicafes ket thet he
am no acid residue _al ani ne at, sequence position 154 is replaced by, a,’

hydr opHBYgiBS epgribed chegem omay Thee aniseditl regé?:‘ﬁr ohdox 6""&9“3?‘%%?37%36%12[%9“}?& he
hydr ophohi Giigyd no acid is an aliphatic amno acid. - WO l '
2011/ 056148PCT/ SG2010/ 000424 25. The mutein according to claim24, wherein
t he al i phat [@18k) no athd listings e etiscssiér ofh a previpuslyppwdishéd dpewnent in this

i sol euci . i [ ' .
(s:rl)erg:x ca{ue)'\xllJ Shoufd r?oQ%ege%lsz{nI?}g be taken as an acknowledgement that the document is part of

the state of the art or is common general knowledge. All documents listed are hereby
incorporated herein by reference in their entirety. ‘ ‘ » |
[00102] The invention has been described broadly and generically hereih, Each of
the narrower species and subgeneric groupings falling within the generic disclosur-;c'also foi_rr'_n'
part of the invention. This includes the generic desc'riptiot_l' of the invention with a provisoz or
negative limitation reméving any subject matter from the genus, regardless of whether or not th.e
excised material is specifically recited herein.
- [00103] Other embodiments are within the following claims. In addition, where
features or aspects of the invention are described in terms of Markush groups, those skilled in the
art will recognize that the invention is also thereby described in terms of any individual member

or subgroup of members of the Markush group.
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26. The nutein according to claim20, wherein the am no acid residue

al ani ne at sequence position 182 is replaced by a hydrophilic am no acid.
27. The mabernv@ewdr ding to claim 26, wherein the hydrophirlSiGeommepn4 acid i s
a hydroxyl -containing amno acid. 28. The nutein according to claim 27,
wherein the hydroxyl-containing amno acid is serine or threonine. 29. The
mutein according to claim20, wherein the amno acid residue glycine at
sequence position 252 is replaced by a hydrophobic am no acid. 30. The
nutei n according to claim29, wherein the hydrophobic amno acid is an

al i phatGleABMSno acid. 31. The nutein according to claim30, wherein the
aliphatic amno acid is selected fromthe group consisting of isoleucine,
val i ne Widtandlaiemedrisd | euci ne. 32. The nutein according to claim 20, wherein
the ami no acid residue isol euci ne at sequence position 253 is replaced by a
hydrophobi ¢ am no acid. 33. The mutein according to clai m32, mherein t he

hydr ophobi ¢ am huaGid the 15afbdR ihRBrald GhaeinR 1861 bhe Giihe g&? HAEER i ng
to claim 33, wherein the aliphatic¢ am no aC| I's selecte ron1 e gr oup
consi sting of sgawdngaepontiensitie 4dndB tocalcbhw. 98 and 1201(1/161561.’111185’@#:18%611)%@00424

sequence of the lambda integrase as set forth in SEQ ID NO: 1 is mutated.

2. The mutein according to claim 1, wherein at least one of the amino acid residues at
sequence positions 6 to 36, 6 to 30, 6 to 24, 6 to 19, 6 fo 14, 6 to 10, 10 fo 41, 16 to
41, 22 to 41, 30 to 41, 35 to 41, 43 to 61, 43 to 54, 43 to 48, 46 to 63, 51 to 63, 56 to
63, 59 to 63, 65 to 94, 65 to 86, 65 to 80, 65 to 72, 65 to 69, 71 to 98, 79 to 98, 86.to0
98, 92 to 98, 100 to 160, 100 to 151, 100 to 144, 100 to 137, 100 to 130, 100 to 124,
100 to 119, 100 to 110, 108 to 168, 119 to 168, 128 to 168, 136 to 168, 145 to 168
and 150 to 168 of the natural amino acid sequence of the lambda integrase as set forth
in SEQ ID NO: 1 is mutated.

3. The mutein according to claim 1 or 2, wherein at least one of the amino acid residues
at sequence positions 43 to 61, 43 to 54, 43 to 48, 46 to 63, 51 to 63, 56 to 63,-59 to
63, 100 to 160, 100 to 151, 100 to 144, 100 to 137, 100 to 130, 100 to 124, 108 to 168
and 119 to 168 of the natural amino acid sequence of the lambda integrase_és ‘set foﬁh '
in SEQ ID NO: 1 is mutated. ' SRS

4. The mutein according to claim 3, wherein at least one of the amino acid residues at
sequence positions 43, 61 and 122 of the natural amino acid sequence of the lambda

integrase as set forth in SEQ ID NO: 1 is mutated.

5. The mutein according to any one of claims 1 to 4, wherein at least one of the amino
acid residues at sequence positions 6 to 36, 6 to 30, 6 to 24, 6 to 19, 6 to 14, 6 to 10, ‘ |
43 to 61, 46 to 63, 51 to 63, 56 to 63 and 59 to 63 of the natural amino acid. sequence' :
of the lambda integrase as set forth in SEQ ID NO 1 is mutated. '
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35. The rnutein according to any one of clainms 1 to 34, further conprising
a nutation of the am no acid residue glutam c acid at sequence position 174
of the nawonrali/@mi48o aci d sequence of the | anbda integr@se/Se209®poforth in
SEQ ID NO 1. 36. The mutein according to claim 35, wherein the am no acid
resi due glutam c acid at sequence position 174 is replaced by |ysine. 37.
The nmutein according to claim35 or 36, further conprising a nutation of
the amino acid residue glutam c acid at sequence position 218 of the

natural api no acid sequence of the |l anbda.integrase set, forth ipn SEQ ID
N0 1 agb e iR PuRi R i G o SPHEA IGEpa o DR TIR A St BT 85, due
glutam c aci d ghu&ReURRRRNPBShhd @ Sflthel Sath@PhAGRA Y Jel$énke of38e 14M6da

nut ei n according to any gne of clains 1 to 38, wherein the nutation of at

| east one -of t‘ﬁ%g’éﬁs(? aosch&qrth inSHQUR A1l is mustatesk ur al ani no aci d sequence of
the | anbda integrase as set forth in SEQID NO 1 is selected fromthe
group consisting of substitution, deletion and insertion and conbi nations

t hereof . 40. THe mutesi accanting th ay ¢ afinfaiond ©f 6, fushergothptising 9, mitatidrheft
conprising a nﬁ{}: %}nlir?ona(gzl residue cysteine at sequence position 262 of the natural amino acid

sequence of the lambda integrase as set forth in SEQ ID NO: 1.

8. The mutein according to claim 7, wherein at least one of the amino acid.residues at
sequence positions 100 to 160, 100 to 151, 100 to 144, 100 to 137, 100 to .1.30, 100 to
124,108 to 168, 119 to 168 and 262 of the natural amino acid sequence of the lambda
integrase as set fdrth in SEQ ID NO: 1 is mutated. |

9. The mutein according to claim 8, wherein at least one of the amino acid residues at
sequence positions 122 and 262 of the natural amino acid sequence of the lambda

integrase as set forth in SEQ ID NO: 1 is mutated.

10.  The mutein according to any one of claims 1 to 9, wherein the amino acid residue

isoleucine at sequence position 43 is replaced by an aromatic amino acid.

11.  The mutein according to claim 10, wherein the aromatic amino acid is selected from -

the group consisting of phenylalanine, tyrosine aﬁd tryptophan.

12. The mutein according to any one of claims 1 to 11, wherein the amino acid residue

histidine at sequence position 61 is replaced by a positively charged amino acid. -~ °

13.  The mutein according to claim 12, wherein the positively charged amino acid is

arginine or lysine.

14.  The mutein according to any one of claims 1 to 13, wherein the amino acid residue

lysine at sequence position 122 is replaced by a positively charged amino acid.
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at | east one of the am no acid residues at sequence positions 64 to 74 of
the natural am no acid sequence of the |lanbda integrase as set forth in SEQ
I D NO 1.woélo1sonagl ei ¢ acid nol ecul e conprising a nucl eotrisdeossguence
encoding a rnutein according to any of clains 1 to 40. 42. The nucleic acid
nol ecul e according to claim4l, wherein the nucleic acid nolecule is
operably linked to a regul atory sequence to all ow expression of the nucleic
acid nolecule. 43. The nucleic acid nolecule according to claim42, wherein
the regul atory sequence conprises a pronoter sequence. 44. The nucleic
acid nol ecul e according to any one of clainms 41 to 43, wherein the nucleic
aci d nol er3)l e Tise &g iasectding @ Msiet 98, wherein HeO§dsithRly clPgHdahminB%acd is

nucl eic aci'd nol ecul e according to any one of clains 41 to 44. 46. A nethod
of reconbi ni ng"&"Hlfcl ei c acid of interest into a target nucleic acid, the
met hod conprising contacting a targeting nucleic acid conprising the
nucleic acid of interest with the target nucleic acid in the presence of a
mut ei n asl@ef i Nedmiteimagcovheg of amyl enensf dais UG, 15, wherein the amino acid residue

glutamic acid at sequence position 8 is replaced by a positively charged amino acid. »

17. The mutein according to claim 16 wherein the positively charged amino acid is

arginine or lysine.

18. The mutein according to any one of claims 7 to 9, wherein the amino acid residue

cysteine at sequence position 262 is replaced by a positively charged amino acid.

19.  The mutein according to claim 18, wherein the positively charged amino acid is lysine
or arginine. '
20. The mutein according to any one of claims 1 to 19, further comprising a mutation of

at least one of the amino acid residues at sequence positions 182, 252 and 253 of the

‘natural amino acid sequence of the lambda integrase as set forth in SEQ ID NO: 1.

21.  The mutein according to any one of claims 1 to 20, wherein the amino acid residue

arginine at sequence position 109 is replaced by glycine.

22. The mutein according to any one of claims 1 to 21, wherein the amino acid residue »

glutamic acid at sequence position 134 is replaced by glycine.

23.  The mutein according to claim 22, wherein the amino acid residue alanine at sequence

position 154 is replaced by a hydrophobic amino acid.

24.  The mutein according to claim 23, wherein the hydrophobic amino acid is an aliphatic

amino acid.
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47. The nethod according to claim46, wherein the target nucleic acid
conpri ses genom ¢ DNA. 48. The nmethod according to claim46 or 47, wherein
t he targewonoolssasaci d conpri ses an attH sequence. 49. PThSGaenvoeh24 _
according to any one of clains 46 to 48, wherein the targeting nucleic acid
Is a vector. 50. The nmethod of claim49, wherein the targeting nucleic acid
conprises An attPH sequence. 51. The nethod according to any one of clains
46 to 50, wherein the sequence specific reconbination is perforned in the
presence of one or nore cofactors: 52. The nethod according to claimb51,
wherein the cofactors is selected fromthe group consisting of XIS, FIS and

| HF. WO 29011/ DEShAaRRCA/OFANE & 618104 24, Widbrdih ehdEiphade Aa6RIRIdE stRceld %m a7,
wherein the genomc DNAis conprised inacell., 54. A sequence speci f

reconblnatlon‘PFS“E@ﬁﬁ?ﬂ@ﬂﬁ@ﬁﬁ%ﬂmﬁﬂﬁak@%@¢ﬁ@‘ﬁb@?elc acid into mhlch a
nucleic acid of interest can be inserted, and.

26.  The mutein according to claim 20, wherein the amino acid residu¢ alanine at sequence -

position 182 is replaced by a hydrophilic amino acid.

27.  The mutein according to claim 26, wherein the hydrophilic amino acid is é hydroxvyl-

containing amino acid.

28.  The mutein according to claim 27, wherein the hydroxyl-containing amino acid is

serine or threonine.

29. The mutein according to clalm 20, wherein the amino acid residue glycine at sequence‘

position 252 is replaced by a hydrophobic amino- acid. -

30.  The mutein according to claim 29, wherein the hydrophobic amino acid is an aliphatic
amino acid.
31.  The mutein according to claim 30, wherein the aliphatic amino acid is selected from

the group consisting of isoleucine, valine, alanine and leucine.

32.  The mutein according to claim 20, wherein the amino acid residue isoleucine at-

sequence position 253 is replaced by a hydrophobic amino acid.

33.  The mutein according to claim 32, wherein the hydrophobic amino acid is an aliphatic -
amino acid. |
34.  The mutein according to claim 33, wherein the aliphatic amino acid is selected from

the group consisting of valine, alanine and leucine.
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b. a nutein according to any one of claims 1 to 40 or a nucleic acid
encodi ng the mutein. 55.The kit according to claim54, further conprising
reagent fwo2on#sst48ng a nucleic of interest into the targeiscagonocei c _
acid. 56.The kit according to claim54 or 55, wherein the targeting nucleic
acid conprises an attPH sequence. 57.The kit according to any one of clains
54 to 56 further conprising buffer(s) and/or instructions for reconbining
the nucleic acid of interest with a given target nucleic acid.

35.  The mutein according to any one of claims 1 to 34, further comprising a mutation of
the amino acid residue glutamic acid at sequence position 174 of the natural amino

acid sequence of the lambda integrase as set forth in SEQ ID NO: 1.

36.  The mutein according to claim 35, wherein theiamino acid residue glutamiic_acidgiat ,

sequence position 174 is replaced by lysine.

37.  The mutein according to claim 35 or 36, further comprising a mutation of the amino
acid residue glutamic acid at sequence position 218 of the natural amino acid

- sequence of the lambda integrase as set forth in SEQ ID NO: 1.

38. The mutein according to claim 37, wherein the amino acid residue glutamic acid at

sequence position 218 is replaced by lysine.

39. The mutein according to any one of claims 1 to 38, wherein the mutation of at least _
one of the amino acid residues of the natural amino acid sequence of the lambda
integrase as set forth in SEQ ID NO: 1 is selected from the group consisting of

substitution, deletion and insertion and combinations thereof.
40. The mutein according to any one of claims 1 to 39, further comprising a mutation of
at least one of the amino acid residues at sequence positions 64 to 74 of the natural

amino acid sequence of the lambda integrase as set forth in SEQ ID NO: 1 .

41. A nucleic acid molecule comprising a nucleotide sequence éncoding a mutein

according to any of claims 1 to 40.
42.  The nucleic acid molecule according to claim 41, wherein the nucleic acid molecule is
operably linked to a regulatory sequence to allow expression of the nucleic acid

molecule.

43.  The nucleic acid molecule according to claim 42, wherein the regulatory sequence
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45.

46.

47.

48.

49.

50.

51.

52.

comprises a promoter sequence.

The nucleic acid molecule according to any one of claims 41 to 43, wherein the

nucleic acid molecule is comprised in a vector.

A host cell containing a nucleic acid molecule according to any one of c“lai'm's;41' to

44.

A method of recombining a nucleic acid of interest into a target nucleic acid, the

- method comprising contacting a targeting nucleic acid comprising the nucleic acid of

interest with the target nucleic acid in the presence of a mutein as defined in any one

of claims 1 to 40.

The method according to claim 46, wherein the target nucleic acid comprises genomic

DNA.

The method according to claim 46 or 47, wherein the target nucleic acid comprises an

attH sequence.

The method according to any one of claims 46 to 48, wherein the targeting nucleic

acid is a vector.

The method of claim 49, wherein the targetiﬁg nucleic acid comprises .ajn attPH

sequence.

The method according to any one of claims 46 to 50, wherein the sequence specific

recombination is performed in the presence of one or more cofactors.

The method according to claim 51, wherein the cofactors is selected from the group

consisting of XIS, FIS and IHF.
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53.

54.

55.

56.

57.

The method according to claim 47, wherein the genomic DNA is comprised in a cell.

A sequence specific recombination kit comprising:
a. atargeting nucleic acid into which a nucleic acid of interest can be inserted, and
b. a mutein according to any one of claims 1 to 40 or a nucleic acid encoding the

mutein. -

The kit according to claim 54, further comprising reagent for inserting a nucleic of -

interest into the targeting nucleic acid.

The kit according to claim 54 or 55, wherein the targeting nucleic acid coﬁlpn'ses an

attPH sequence.
The kit according to any one of claims 54 to 56 further comprising buffer(s) and/or

instructions for recombining the nucleic acid of interest with a given target nucleic ‘

acid.
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