Use of tailored reconbinases for the treatnent of retrovira
i nfections The present invention is directed to a nethod for

preparing,gg, B%ﬁ§§ion vector encoding a tailored recopiBas€aoso
wherein said tailored reconbi nase reconbi nes asynmetric target sites

within the LTR of proviral DNA of a retrovirus inserted into the
genone of a host cell. Such tailored reconbi nases recogni sing
asymetric target sites within the LTR of proviral DNA are neans for
excising the provirus fromthe genone of the host cell. The present
invention is further directed to the use of tailored reconbi nases for
the preparation of pharmaceutical conpositions for reducing the viral
|l oad in a subjected infected by a retrovirus. An in vitro-nmethod of
optimsing the treatnment of a retroviral infection of a subject

conprising the tailoring .of reconbi nases specifjcally recognising and
reconbi ni ng asy ?r?% %%ﬁ%ﬁ§?gsFFE?%§Eﬁﬁ§ﬁb§§rmk??ﬂngﬁﬁyeﬁ oVTral DNA
of the retrovirus the subject regrbiesl cchfalcthohs a further subject

of the present invention. TECHNI CAL BACKGROUND Retroviral infections

such as for exanple infections by the human i nmunodefi ci ency virus
(HI'V) are ®id IJre@aatrof ntéder 10stid MAeetasd and: sihod degppeagainfmn
di seases. Wth regard to AIDS, an estimated 39.5 mllion people are

liv- ing itRFeSPYORt R T of ' FediRtudi nhr N BSY RECEHIP dHPE s hBW 1 HAt
even in 2006 4 hefedwere ahdbidadeMddcobopinew bB{RedtORS target sites

within the LTR of proviral DNA of a retrovirus inserted into
the genome of a host cell. Such tailored recombinases recog-
nising asymmetric target sites within the LTR of proviral DNA
are means for excising the provirus from the genome of the
host c¢ell. The present invention is further directed to the
use of tailored recombinases for the preparation of pharmaceu-
tical compositions for reducing the viral load in a subjected
infected by a retrovirus. An in vitro-method of optimising the
treatment of a retroviral infection of a subject comprising
the tailoring of recombinases specifically recognising and re-
combining asymmetric target sites sequences within the provi-
ral DNA of the retrovirus the subject is infected with is a

further subject of the present invention.
TECHNICAL BACKGROUND

" Retroviral infections such as for example infections hy the
human immunodeficiency virus (HIV) are still one of the most

important and most widespread human diseases.

With regard to AIDS, an estimated 39.5 million people are liv-
ing with HIV, the retrovirus causing AIDS. Recent data show

that even in 2006 there were about 4.3 millicon new infections



WO 2008/ 083931PCT/ EP2008/ 000021 2 with sone areas in the world where
the infection rates have risen by nore than 50% si nce 2004. Furt her,

in 2006, abousosdsPsm I 1ion people died of AlIDS-rel at ed plriepemsesioz:
according to the AIDS Epi dem ¢ Updat ez 2006, published by the WHO (i n

Decenber 2006). The primary goals of antiretroviral therapy applied
are a reduction of H V-related norbidity and nortality, an

i nprovenent of quality of life, a restoration and preservation of

i mmunol ogi ¢ function, and maxi mal and durabl e suppression of the
viral |load. Today antiretroviral therapy, nore precisely, treatnent
regi nens against HV primarily rely on virus enzyne inhibitors and
nmol ecul es wilidt somel bideas rius-thed | wdrisd omheren thé sinégatidbnt hevtesartave
currently L ne ahl.e t

n the 11 datentYoRoRg R e AL Mo bRl Sol s e 200K AR,
the HV regllildani proplocessl FUSIBF-irabkbed of Blddsesapecrhdiid rigt the

class of agtive.agents Jhibeb YBBK OULsidnal hostneehhs Dy Opdelmis

prevent Hi usi ng entefl g an trng these ce
rel ated aﬁhﬁﬁﬁch is to prevent binding of HIV to the target cell via
the CD4 receptors and co-receptors called CCR5 or CXCR4 on the
surface of the target cells. The three other classes of active agents
wor kK i nsi déhet hari@elrly gPhéssofcahterktyociigadi déereper sepli%ms@rrd pt ase
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(NNRTI') an ot ease i nhi used to pre ent th
2008108393$P@ﬁkﬁ92@0@ﬁ0@@@21 a restoration and preservatlon of 1mmuno—

logic function, and maximal and durable suppression of the vi-
ral load. Today antiretroviral therapy, more precisely, treat-
ment regimens against HIV primarily rely on virus enzyme in-

hibitors and molecules that inhibit virus-cell fusion.

In this regard there are currently four classes of anti-HIV
medicines available that are used in the treatment of AIDS.
These drug classes target specific steps in the HIV replica-

tion process.

Fusion inhibitors (FI) are the first class of active agents,
which work outside of host cells in order to prevent HIV from
fusing with, entering and infecting these cells. A related ap-
proach is to prevent binding of HIV to the target cell via the
CD4 receptors and co-receptors called CCRS5 or CXCR4 on the

surface of the target cells.

The three other classes of active agents work inside the cell.
The so-called nucleoside reverse transcriptase inhibitors
(NRTI), non—-nucleoside reverse transcriptase inhibitors

{(NNRTI} and protease inhibitors (PI} are used to prevent the



3 replication of the virus inside host cells after they have been
infected with H'V. Exanples of NRTIs and NNRTIs preventing H 'V from
maki ng a oppYyomfosdess genetic information (thus produci pgTiEPR08/000021
so-called pro-viral DNA) are 3TC (lanyvudine, Epivir), abacavir

(Zi agen), AZT (zidovudine, Retrovir), d4T (stavudine, Zerit), ddC
(zal citabine, Hivid), ddl (didanosine, Videx/VidexEC), FTC
(emricitabine, Emriva), Efavirenz (Sustiva) and nevirapine
(Viranune). The Pls target the H V enzyne protease involved in virus
assenbly. Exanples for these active agents are Anprenavir
(Agenerase), atazanavir (Reyataz), fosanprenavir (Telzir), indinavir
(Crixi van):eﬁldpiamavhr ofnettlfd naviys (VhsbadephpstricednaviafteRorttiay) leank

saqU|naV|rbég ngl é? 1§hqﬁﬁ9 One type of conbination therapy
currently Used |nvo V|ng e use of nore than one active agent is the

H ghly Active Antiretroviral Therapy (HAART) targeting the V|raI

reverse tr Lipt ase t I
LALEZARI e %%}?@2§83§3@§%e£§%§1|catl §g9€ %ﬁﬂtfﬁﬁéﬁgﬁg 35}8 sul?%ﬁy
in transfcnfﬁigﬁ}#emetitnﬁ@épkmatlmmo(Ehunmnndnq1hgn¢ss shatahbsd pro-

cu St <1 R b ook e ) L) SO SeapbncHgpcen,

however, cuffent tre ment strategies 15
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resting Cheritigeblise( CBunr&talal Efay@QSnZFKSﬁﬁtxxakﬂaqd r@giyﬁplne (Vi-
requiring }Aﬁé;g)qng HAART. WO 2008/ 083931PCT/ EP2008/ 000021 4

The PIs target the HIV enzyme protease involved in virus as-
sembly. Bxamples for these active agents are Amprenavir (Agen-
erase), atazanavir (Reyataz), fosamprenavir {Telzir), indina-
vir (Crixivan), lopinqvir, nelfinavir (Viracept), ritonavir

{(Norvir) and saquinavir (Invirase/Fortovase) .

One type of combination therapy currently used involving the
use of more than one active agent 1s the Highly Active
Antiretroviral Therapy (HAART) targeting the wviral reverse
transcriptase, protease and fusion (Gurick et al., 1997; LALEZARI
et al., 2003). The application of this therapy has resulted in
transforming HIV-1 infection into a chronic illness that has

curtailed the morbidity of infected individuals.

One drawback, however, of all of current treatment strategies
is that they only suppress the viral life cycle without eradi-
cating the infection. The major obstacle in such therapies ap-
pears to be the establishment of long-lived reservoirs of HIV-
1, particularly in latently infected resting CD4" T cells (CHuN
et al., 1998; FinNzI et al., 1997), requiring life-long HAART.



Unfortunately, in a grow ng nunber of patients |long-term HAART is
acconpani ed by significant adverse side effects including

m t ochondrwakods@ydosi ty, |ipodystrophy, diabetes nellit ggramrehos/ooooz1
ost eoporosis (DYBui et al., 2002). Substantial drug toxicities often
result in inadequate adherence, resulting in the suboptim
inhibition of virus replication. As a consequence, new strains of

H V-1 are energing that are resistant to suppressive treatnents
(LITTLE et al., 2002). In view of the increasing nunber of resistant
H V strains new active agents are necessary and are currently under
devel opnment. In addition, further viral targets and novel inhibition
strategies are being tested for inproved control of H V-1 (DONZELLA,
1998; Cili t 05; ﬁﬁ;gp et al 004; \BER at, 2l e rR09RART
An alternarpégtgbBF%ggh H?scu §§H§F%QE gegrgéi £?% targetnatheér _
provirus iiserterdantiedt ey geinone iclanthedvestecelifie Biépstoninfledhing
proviral fr h "'S.geno f e R eyent; furt
H 'V replica ﬁgﬁgghépﬁ}fﬁﬁ%éé%gﬁh]gﬁPfgg?gﬁQ?ﬁ%dd¥%ﬂ%%g int é??ﬁ@ has
t he pot entéstledporesasdi ¢Btwieeen ador MBAD2Vi r Ssbpraaddnatl idrughdogendhies
of the hos e class.of .pr ' t o deced £0r . yseciiBon-
this aIter%%f%@éxgﬁg?oégh1§P§%§P€§?sggﬁ?ﬁﬁﬁg?eggﬁggﬁgsgs ?FLOWE&S %
al ., 1997)tir8ilt ekrgpéditive odconiusasepliredi-ave. aAmubt iccodeqe¢nce, new
functions 1 fiature famoene, reArIANGEMRAL L0 ISRANE.SEO €9aLLOP: oo
such as for ‘exanple excision, inversion, or integration of defined
DNA units $ievitewetdnent STARKTE edl al.199302) . WO view of the increasing
2008/ 08393 P200 rs J onRLS Y JLERPLDL PAt | 9P o -
bet ween tm%ﬁﬁgéﬁfﬁgégég%%%ﬁé-g?ﬁﬁn éﬁHE%Agg?thEOY aa%aptggqur s
sequence ($oBssrgl ABRENMBKESn1O85)ndghelaged opaenibi Faseddids ohpugrther
w despr ead, 56 4], Ry ®affNRLLEPR (NG 3200Q) LaE & d S aare3%e§bl?§ tested

protein that was nane er Is function, as It causes reconbination
( STERNBERGE&r HauA-oTeN, ca98ugl oF érl¥qhi sPeeEfdr i99% Cegbrii mdt-v oR0P S/
the align of re J LN 81 Les ragegni sed by Cre in
antiparalﬁ%P%%?fg%%gffo% Tgﬂ%ggke?hen bound 'by four identical Cre
subunits that join to forma ring in which each subunit contacts two
adj acent sgpugiégsn@a@qven%pg%gcﬁl 58506 Qe HLGORDIRAL AN 181 18 (EOESSe
& ABREMBKI, 1985). The reconbination site recognised by Cre is a |
34- bp doubbeestiarded sBAededaERc EhienRROAS PEXRhE! heRtl GEds - ofFxcision
crossing pgf"rtﬁﬁ) {Jﬁg)\Lmras.LTEEEMBEEQn& EMQV'M%\J,S_ jg%%%he WRCRybfple would

palindromc wt e exception of its eig i nner nost base pairs

(referred pPeeeant HarspaceAlV whpthcatipdar endi fé€febhal 1Y QT TeRE BPERT
Sone site-spetidis HecqRicnall R sSyskePebReldding dhiicate even dor-
Cre/l oxP-system function wi thout accessory proteins or cofactors and
function umelet HxMsdereaenetin gihecgengrarotoidl tieks. However, since
the site-specific reconbinases function through specific interactions
of the reconbi nase enzyne subunits with their cognate DNA target

sequences, Orheckis off Peseippzihes Yore eonsieerdd birt H e dquithéfedl -

that the targeted, EHE@NSa FAISE €004 5 Y FARPTQRIBY Bh ¥e POSIFLbRRE e
target sites (LEWANDOSKI, 2001). To date, no wild-type reconbi nase
has been idénti}P2Y t Rt EPeGAILSEs IRAPTRE G AFGLAes @qiwhcdsude of

their DNA targelomequenG8Sre from gene rearrangement to genome segrega-

tion, such as for example excision, inversion, oxr integration

of defined DNA units (reviewed in Stark et al., 1992).

One of the simplest and best understood recombinases 1is the

Cre recombinase from bacteriophage Pl that resolves genome di-



WO 2008/ 083931PCT/ EP2008/ 000021 6 their properties and to achieve a
better understanding of the intricate nechanisns of these enzynes
(for a rewewsassodAN DUYNE, 2001; and COATES et al., 20@Ep200é0t00i1 Of
studi es focussed on the Cre reconbi nagse to explore its evolvability.
Several studies denonstrated that Cre target specificity could be
altered when few nucleotides inits /oxP recognition site were
changed (Bucmi nz & STEWART, 2001; SANTORO & SCHULTZ , 2 00 2; RUFER &
SAUER, 2002). Further studi es addresses the engineering of mutated

| oxP target sites containing sequences fromthe LTR of HHV-1 to

devel op possible target sites for the use of Cre as antiviral
strategy (leEE &nPARKond®OE HyEReebmblinat 2800etwBendawe, iHemeiex] ddu-

has not been ssible tg.generate reconbi pase, t hat _recogni s

nati ve asTHiserrErtiY dBElencoas acs hei r PARALT Skt *eaa0nEes ToRRE ©
met hod of adwrevset,ed 9€%0l. uChenCrs Bquabenbae et hiehirid widkepteahzysresin
with altered specifjciti rey| d Ln Yuan_et_a 2005;. an
JOHANNES é‘oiﬁiqge%]b%??‘ ?‘imghe\éhgéfhnﬁeg e et l%%% R Tt i o e
i sol at e | namededfeaz yhestwrcttiba, basi st ofalis ecoebéntt hgn RMAERNBERG &
nmol ecul es with alt substrate.sites.. The use of PCR-based h
all ows t hﬁgwg%ni ﬁg%* ) verrf/a'”"IegF'lgl;;%l%g brfaorri e hlasnd rfaﬁggﬁé%%/leornyng% q;%
successf ulaldedinagtr egi ons fFeoomaimpadbnokitandirdabesisdd WheCid risctad

evol ution aof protejns,. by contrast., .the screening f.or and the .
recovery otflpf"‘%ﬁ?%\e/%doﬁh? 1_ﬁattsl,on\/\/n"‘i%clﬁhar'-jé:ei %éﬁ ihog db%ya PRF af FoRE T
t he properdrieessubfuntihe phateijoinr eguifces a metrdydid ovhiat reevh ngulblrei t
nucl ei ¢ aci d,sequepnce encodi t he otein. The |.ink.between th _
protein and IS Eog“l"%ga%je%]cueennces "Iftt:%{"sl?(%?taeihglboeneenei"r%alllfrr}tsali;l!‘%eg}%bi'?mta Fecom
conpar t mertialsitsahi eiteColisgpuent Anrendsir br ARG5S 5cr Bbai mgecpmbthateigiredsite

protein evolution h been |imtegd.to " - by-one" r

008! 0830 S HECH ER0RY COT0A 7 1T PraeRPLe B flfes, TR B8608RCe houn
t he advantasgeko:as sidioat gebowist lkfscreening poet s (vf . cBhdi 8teresErhave Hrot
been avail abl€. 14941), which is palindromic with the exception of its
elght innermost base pailrs (referred to as the spacer}, which

impart directionality to the site.

Some site-specific recombination systems, including the
Cre/loxP-system function without accessory proteins or cofac-
tors and function under a wide variety of cellular conditions.
However, since the site-specific recombinases function through
specific interactions of the recombinase enzyme subunits with
their cognate DNA target sequences, the use of these enzymes
is restricted by the requirement that the targeted DNA regions
must contain appropriately positioned target sites (LEWANDOSKI,
2001). To date, no wild-type recombinase has been identified
that recognises native retroviral sequences as their DNA taxr-.

get seguences.

Extensive mutational and structural analyses cof site-specific

recombinases have been carried out in recent years to alter



This limtation has been overcone by the devel opnent of nethods that
allow the crosslinking of proteins to their respective nmessenger RNAs
(nRNAs) usyo9o08icdddsprotei n fusions and ri bosone di spl aypctEpieko&aoal
screens for inproved protein propertig@s were thus coupled to direct
retrieval of corresponding coding nol ecul es, and | arge pool s have
been screened in vitro (see for exanple BUCHHO_Z et al., 1998). A
further inprovenent of directed protein evolution was achi eved by the
so-cal l ed substrate-linked protein evolution (SLi PE;, BUCHHOLZ &
STEWART, 2001), wherein the substrate of the reconbi nase was pl aced
on the same DNA nol ecule as the protein coding region. In this
manner, wheritrherbpeptbénased was sxpreassed baitithirnuadeoapandimentqf ithe
action altered the DNA substrat xt t0|tso ££0di ng_region,
Consequentﬁvmﬁaft"?brl“&p?a%ﬁrﬁi Bg Q?‘Fésn 5q 48 \M;(oofr 5y PR Y0 anpl ity
only candimdat= Q@@ungahegcmm tdrataiver €00ext A dlan cd ts&rueldesubettmsai@l
Thi s aIIows t reenin |l arge |ibr aries.conven l i
retrieval g‘h §§‘§fﬁlecg%f?®s g?oﬁép ﬁ?sl‘rc'r%t ﬁgaiwaé }é/.l%fl edg\?éo]%l
altering tsh:e:dH)HA spechitcated ofhlr e:ﬂeeomrtgiemaseeamﬂlaﬂtaptcmgld the @ la
newrecognltlon arget site (Buc & STEWART., 2001

deci sive dr "1L<h e U 8% g rlgccz)LI i A558 %rg %ﬂle{g%(%lgsi}%en ot
retrovi ralckmd@elds {Bheunbeed. afretdre, rec@m|m$@of ar Ssyunret r2@02/arRyetr &
sites, iC I not nd at , east twige in.th Vv,

DNA to al I%\XF%'hgzc}u@/Zg u#@?@nf'g?g Ohbi narseessses ehshOE- PPV Fho
2008/ 083931t ERB@OBja&@&(ﬂbl&elsn conewinfng heepoiremts afrcof the LTR of

site-specifigc .reco ses and.the peed_ .of flndl I t her
eradi cati V&-Il\/etf rg)e(?’vel Pas FOP S B? egag]e e o c%’r aﬂﬁA "P%teg%%%iyeanﬁ
under | yi ngaxttheumaeserttraltmggntotmn tshusrr esilE8S; | mtmpr evi dilng a2tidhodro
for prepar a tallored re onbl S ored nas -
reconbi nes ér‘%/nmﬁ ¢ t’arget(:}] Si teg \%eteﬁl Qﬁkgtéﬂ%gf %rgggim?%l g i
a retrovi reisndseseched irdawgnheegenoevelf ashositxdel | HiWusseareinseag as
the provir S, fr the geegosnée %fnct he host cell. SUWARY OF THE
| NVENTI ON Atcor fir aspect of the present invention a
nmet hod for preparlng an expreSS|on vector encoding a tailored
reconbi nasg is_ provi de h tal e i ng CORRINES + _
asymmetric ar gge hosc%tetcs]I % ccte % E%ﬁgoé g%ggi Paﬁgbkﬁ i nserted ?n?%
t he genoneledt aedltuﬂteaze#nlttcomjmmdngsgd%fspe‘pses)f (feyiaietderm nYvan téfe
sequence of, the of Lhe_pr ral (ﬂ)%riltlf | ng, L heLei thi
sequences vvlt’h gar;% 08980? %Ngéflgeagtz %éto t he eft (Lhaﬁ%ssﬁltllengand e
the right xtmttrfodswtees sespntes ioblkipwimpersst i zwne sofory e@tmbbmmasof
wherein t o} e e S

Uﬁ&tﬁ 138Pa1;34ed 1Y RS RAGEE rQte O51¢2
nucl eot i dte.llgmb V\gg%g??t c‘iq Iﬁof%cglous 'IJ'aRt sequerltfces W t hr |3hgs ==
honol ogy ttha mm tPORgbessilt Betleg) eddvwst hbe asgramntimic afavgey large

S€quence, 1ipraries and the recovery of successful coding regions from a

pool of candidates. In the directed evolution of proteins, by
contrast, the screening for and the recovery of improved mu-
tants, which are identified by alterations in the properties
of the protein, requires a method for retrieving the nucleic
acid sequence encoding the protein. The link between the pro-
tein and its coding sequence has often been maintained by com-
partmentalisation. Consequently, library screening in directed

protein evolution has been limited to “one-by-one” approaches



(b) preparing two synthetic sequences, wherein the first synthetic
sequence corresponds to the sequence of the asymmetric target

sequence G{gsémasiosy honol ogous to the left hal f-site @brgabdskienn
target site plus the WD 2008/ 083931PLT/ EP2008/ 000021 9 spacer

sequence and is referred to as "half-site sequence 1", and wherein

t he second synthetic sequence corresponds to the spacer sequence plus
the sequence of the asymmetric target sequence of step (a) honol ogous
to the right half-site and is referred to as "half-site sequence 2";
(c) determning the nucleotides within the synthetic sequences of
step (b) deviating fromthe correspondi ng honol ogous left half-site
and right dmlf reiiheasequracesmpiridentdenowmndharia agvasithaegets sed e tafd

step (a); (d enerating a.first subset of two target sequences on

Che’ bae, s Bith RESERHBHL SehertuC St b Rop et RS AIERESTs T oy

target sequence in the first subset conprises an inverted repeat
ence 1 of and ha&f-s

PomsL ot oo ML SRASRES, LAl P A L sl S syee
sequence idﬁﬁfﬁhdﬂram1cmybsﬁﬂ caplisgsnanotnpevtetns epeathebnsistpary
oS4 RRERRSe? wlh HT, LEPE AR R TR o0 i
2' represandsamayelitsedayepeahst Dindlhesarespectiore ingirbvedt preegueneesp-1
and, 2 OF SSRGELrLPh IS RLAARY B SRER0, SHRELgl, LY Oelsemietcgs
wher ei n easddicly tdoeebaléssidld skeapen e lisogeivieebewnt Iscrhene@sprecti veo
Focer Seoenes ! Rl d hgBRL AICR e L ity
subset by ddrainga | puverdied ¢epiedationn Wadre balsisregf hihetlsel ectedlled
half site gﬁﬁﬁ#?% ngfHﬁgh. protein evolution (SLiPE; DBUCHHOLZ & STEWART,
2001), wherein the substrate of the recombinase was placed con
the same DNA molecule as the protein coding regicn. In this
manner, when the recombinase was expressed within a compart-
ment, its action altered the DNA substrate next to its own
coding region. Consequently, a library could be screened as a
pool by PCR to amplify only candidate coding regions that were
next to an altered substrate. This allows the screening of
large libraries conveniently for rapid retrieval of successful
coding regions. This method was applied for altering the DNA

specificity of Cre recombinase and adapting it to a new recog-

nition target site (BuckrOLZz & STeEWwarRT, 2001).

However, a decisive drawback of the use of any recombinase for
the excision of retroviral DNA is the need of the recombinase
for symmetric target sites, which are typically not found at
least twice in the proviral DNA to allow the use of present

recombinases.



WO 2008/ 083931PCT/ EP2008/ 000021 10 that the spacer sequence separates
bot h sequences formng the inverted repeat, wherein the sequences of

bot h hal f vgbbmssemgences originating fromone of the tacgap®eaMeACES
in the first subset of step (d) are agtered during their synthesis

and prior to using sane for generating the inverted repeat yielding
the conplete target sequence such that in the left half-site sequence
a portion of the nucleotides deviating fromthe correspondi ng

honol ogous hal f-site sequence of the known target site of step (a) is
repl aced by the native nucleotides found in the known target site and

in the right hal f-si sequence the rest of the nucl eoti.des devi at.i.n
romthe St va8orE hEenEr TR i thaPrett e e orapieee pgrd e
native nucleet i des fiaantg i ant herdenovnet s gebrsdicstisgChHi el pRobOELE
hal f-site sequences origi nating fr one targef sequences of  the
st SubSHETOE g, ERIPHS APt GEatnor 8l PrastA e Tyergof MaeR &
be found, sherieasnnooe oiiusatah irlsl -3 pe oseqlien ce snaalbore feenpresesing
al deviating nfcl otideS',gf% gener tig%.Lurt er subsets of taéget
sequences 3t WG} rETOPRENEAF et %glhu tEE S 1946 ShbsBY RS
obt ai ned idswieprie) thygst epwtee wepRahi nPet herpodcesdvakast epa( @t a
each time generating.a new subset of target sequences, til the .
ralt-si te ououaeu s B the RIS h08: BRRTTE pRaCh Tt Lan b "Sxcis-
gener at ed iy gek pequencesreantakngenene tafd the hbseecdllc] eot i des
deviating fromthe correspondi ng honol ogous hal f-site sequence of the

known target site; (g) applying nolecular directed evolution on the
reconbi nase recogni sing the known honol ogous target site WO

2008/083931PCT/EP2008/000021tﬁég§§f§ﬁnwhﬂ §%§§yéﬁ%qusing t he target

sequences of the final subse? ned-in s cont ai ni ng one,
two or three nucleotides deviating fromthe correspondi ng honol ogous

half-site 2ea4engs o 5% Kpoun, DAMOLPIHS SAIAS $t8nftof o method
for preparing an expression vector encoding a tailored recom-
binase 1is provided, which tailored recombinase recombines
asymmetric target sites within the LTR of proviral DNA in-

serted into the genome of a host cell comprising the steps of

{a) determining the sequence of the LTR of the proviral
DNA, identifying therein sequences with homology of
at least 30 % to the left half-site and the right
half-site sequences of known target sites of recom—
binases, wherein the homologous sequences are sepa-
rated by a spacer of 5-12 nucleotides, and wherein
the homologous LTR sequences with highest homology to
a known target site represent the asymmetric target
sequernce;

{(b) preparing two synthetic seguences, wherein the first
synthetic sequence corresponds to the sequence of the
asymmetric target sequence of step (a) homologous to

the left half-site of said known target site plus the



(h) shuffling the reconbinase libraries evolved in step (g); (i)
appl yi ng nol ecul ar directed evolution on the shuffled library

obt ai ned ivwioSéemsioly) using the target sequences of the pagxpadabales
subset according to step (f); (j) repeating steps (h) and (i) until

at | east one reconbinase is achi eved by nol ecul ar directed evol ution
that is active on the asymmetric target sequence within the LTR of
the retroviral DNA of step (a); (k) isolating the nucleic acid of the
| east one reconbi nase obtained in step (j) fromthe library; and (1)
cloning the nucleic acid obtained in step (k) into a suitable
expression vector. In a preferred enpodi nent the reconbina € o

mol ecul ar directed BRAFRH i HFYRCEpAPedst BRIFF Q%L @F) §ﬁ§ (FytFse

derived fromthe faghdycdflserdme wnRkegnhasrs o&cdidmlidelani k¥qgnénce
tyrosine integrases, and is preferably a nodified Cre _recopbi nase
from phage FI, a no@P¥¥eWPHP Ecdhbi ARSEST r BTAYELE Por'Sa tHBdPPHRRE S

Dre reconbi nase frosf phage demeli-eberalfat tskquankecst agredi (@6t Bmolo-
evolution is substrate-linked protein evolutionﬁg Li PE

expressi on vector eReddihf tHE tHd6r d¢Fedohbi fise Jiss)‘ﬁerf]eé’fr}glegbl%? a®s
retroviral vector, anhieptdiid @lequegE®ra~a spumavirus vector or a
adenoviral vector. WD 2008/ 083931PCT/ EP2008/ 000021 12 ,

{c) determining the nucleotides within the synthetic se-
quences of step (b) deviating from the corresponding
homologous left half-site and right half-site se-
quences of the known homologous target site of step
(a) 7 A

{d) generating a first subset of two target sequences on
the basis of the synthetic sequences of step (b),
wherein the first target sequence in the first subset
comprises an inverted repeat consisting of half-site
sequence 1 of step (a) and half-site sequence 1}
separated by the spacer sequence, and wherein the
second target sequence in the first subset comprises
an inverted repeat consisting of half-site sedquence
2' and half-site sequence 2 of step (b) separated by
the spacer sequence, wherein half-site sequences 17
and 2’ represent inverted repeats of the respective
half-site sequences 1 and 2 of step (b);

(#) generating a second subset of target sequences on the
basis of the target sequences in the first subset of
step (d), wherein each of the half-site sequences to-
gether with the respective spacer sequence of the
target sequences in the first subset of step (d) is
used to generate an independent target sequence of

the second subset by forming an inverted repeat on

the basis of the selected half site sequence, such



A second aspect of the present invention is directed to the nedical
use of an expression vector encoding the tailored reconbi nase or an

adul t st enygehdsosRBPri sing said expression vector for tpembRBasasl ON
of pharmaceutical composition for thggreduction of the viral load in

a subject infected by a retrovirus. The pharnmaceutical conposition
can be admnistered to a subject to treat infection by a w de range
of retroviruses, such as for exanple H V. The pharmaceuti cal
conposition of the present invention is preferably used for

concom tant administration with other active agents of the highly
active antiretroviral therapy (HAART) or for admi nistration
conconitant or subs&fdéentthEo IPaIPH  FRIMANEAcEPRAIET t Retlypypegrences

speci fic activationg@inPiOUind!S ndeREe@XIURSH, 0hhe ASLON HNGdedctBi 68
aspect of the present invention an in vitro-nethod of optimsing_the
treatment of a retrB89thahalhfddE Grayeraes by eEnatdngr d¥Pie@NewREr BRI

the method conprisega.the: siepsenls(ah dgberni & nghyee R4Clseep aal dare
sequence of retroviral "DNA present in a blood sanple of a patient;
(b) scanning the LTRI5@ER@NEBTHPIt fBLdBqFdREBeBES sRBR (BN For *kn8HM"YI

reconbi nation sequegggRs EOF ¥u&hSReCithbCahbyriad | aned v §GITREAGSERe
have al ready been prepared; {(c) in case at |east one of said known

recombi nati on sequeREBPEXTStS2rIreFequeBRP Ot st tidd Feohefhehalli-

group consisting of ;afc eXpresSHOn YRGHAbnCBAPELST REc 18 NG Qickria€l flg
of the tailored reconbi nase specifically recogn|5|nglsa|d_knomn
reconbi nati on sequedge™ §Bf dCPRFFTIUVELNECHRBPAASRYS N 1isiorteprsGEBPACce

conpris- WO 2008/ 083934BCEAERRO008LQ0002] 13 1 NG fhQaqdMiR0 Rpidced by
sequence of said tailored reconmbinase or an adult stem cell )
conprising said expt88sPdhi{RATSHePS AP P ey 48 APPhEREE R St
conposition for theahﬁdﬂﬁttﬁ@ efighbenyifalideoadduenthetadbi-e6t; of the
ot herwi se sequences with hpnolq?y,of,at | east 30 %to the |eft
hal f-site and the rPgRteAEIIeS| %Y 9¢dnEnEEsmof PRNBART T TRYEL TSI (O84P-
a reconbi nase, wher gbist NerhamI0geds seaHIGRedAbY SEPanAL L MYicaeo-
spacer of 5-12 nucleotides, are identified and terned "as nngtr c_ .
target sequence"; tides found in the known target site, uch that in
both half-site seguences originating from one target
sequences of the first subset of step (d) taken to-
gether all deviating nucleotides can be found,
whereas none of said half-site sequences alone com-
prises all deviating nucleotides;

(f) generating further subsets of target sequences starti-
ing from the target sequences in the second subset
obtained in step (e} by stepwise repeating the proc-
ess of step (e) each time generating a new subset of
target sequences, until the half-site sequences form-
ing the inverted repeats within each generated target
sequences contain one, two or three nucleotides devi-
ating from the corresponding homologous half-site se-
quence of the known target site;

(g} applying molecular directed evolution on the recom-

binase recognising the known homologous target site



(d) performng steps (b) to (1) of the aforenmenti oned nethod for
prepari ng an expression vector encoding a tailored reconbi nase

speci fi calyy 486839 ni ng the asymetric target sequencecidebdokhidoss
within the LTR of proviral DNA; and (;g) preparing the expression

vector obtained in step (d), a protein or a fusion protein expressed
fromsaid expression vector or a stemcell transfected or infected

Wi th said expression vector as a pharmaceutical conposition for the
reduction of the viral load in the subject. In a preferred enbodi nent
the directed nol ecul ar evolution applied in step (d) is applied on a
tail ored reconbi nase already recognising a target site different from
that of wild-type reedid ndseser |(g)aHstner the ebdidadd seaysaraen?t t Hee

tail ored reconbi nase; obt alypedti BotRenAPOME FRLNQdS EsnddiGlindednd Nt Oud
collection of specifically tailored reconbi nases. WO ,
2008/ 083931PCT/ EP2008 100Rs2 nurd evhade faaitiiadd nos Tromt Heg cfirreepandt

a collection of tai}gh&thdREOMIIASeS. @360hEE0QRI $hRY #h&lh NEbmolo-
target sites in the genone of a_ErOV|rus. DETAI LED DESCRI PTI'ON OF THE
| NVENTI ON gous target-site as a substrate;

(h) shuffling the recombinase libraries evolved in step
{g);

{i} applyving molecular directed evolution on the shuffled
library obtained in step {(h) using the target se-
guences of the next higher subset according to step
(£);

(j) repeating steps {(h} and {i} until at least one recom-
binase is achieved by molecular directed evolution
that 1is active on the asymmetric target sequence
within the LTR of the retroviral DNA of step (a):

{k} isolating the nucleic acid of the least one recombin-
ase obtained in step (j) from the library; and

(1) cloning the nucleic acid obtained in step (k) inte a

suitable expression vector.

In a preferred embodiment the recombinase molecular directed
eveolution is appliéd to in steps {(g) and (i) is derived from
the family of serine integrases or from the family of tyrosine
integrases, and is preferably a modified Cre recombinase from
phage Pl, a modified FLP recombinase from yeast or a modified
Dre recombinase from phage D6. Preferably the molecular di-
rected evolution is substrate-linked protein evolution
(SLiPE). The expression vector encoding the tailored recombin-
ase 1is preferably a retroviral vector, a lentiviral vecter, a

spumavirus vector or a adenoviral vector.



The present inventors for the first time provide a nethod using a
conbi natori al substrate |inked protein evolution approach to generate
a tail oredyhesebiopase recogni sing asymmetric sequence ppipfdphddshsngi
sequence of a provirus integrated intg the genonme of the host cells.
Directed evolution is a | aboratory process used on sel ected nol ecul es
to cause nutations and identify subsequent adaptations to novel
properties. Hence, it is a powerful nmethod to select enzynes with
altered specificities (YuAN et al., 2005, JOHANNES & ZHAQ, 2006). One
prerequisite of directed evolution is a starting enzyne that has
residual activity to allow the evolution strategy to be successf ul
(BLoom et 2alsecqBOSISPemt erfzyfie t REgsSHEs hoveiadon thp ont zpdepsticattde
i's unlikely £:0.pr adUcgsVani adbseLhaln NAWL@AG! QR ddh8gdiatabhiigfgetre-
The nethod of the present invention may al so be appﬁled to tailor .
DNA- nodi f yiangpipreeeiars #h gehétalstemovesdkl , cPBRBhbiths831Gr §xpression
preferred. The teyp "ONA- 5D\ NG PR Ehikrrla2MBaRL1 T Qohps U@ AN

protein whose activity causes a change in the sequence or structure

of nucl ei ctheci TedEKEAP| X OFhONALRDUI L9RAg 1pr Gt et oSt taisetrer by 2
be'ng.tal!§gé¥$v95ugheTH§t 08- 18 B €88Rbo b IWENM | ik ifClddE8 nistered
proteins involved I'n honol ogous reconbi nation, exonucl eases, DNA

met hy| asesto DNAshPiRGlesto WOR2008n DB3UPIPCTY EP2B68? 00802 §5 retrovi-
restricti 0&%&@%%6%%6%& QRO SUTRIAS €S of HRASROSASES AN omposition
resol vases. though the potential of tailored reconbinases obtained
by direct e evbturreachas ipeentigtely Pecdgnrey psed &°0§. CHrPMhEaRt

al ., 2003),5/% MRLAedon hQWeNeLenbAaS 1Reehe SHEEREST Ut thHSHighiiNactive
altering t%e properties of a reconbi nase to reconbj ne a natural

! Yy .
occur ri ng iRkt ragqibaEePY FUBARE etr afor (3991 HARE *SRowAPERAL ™
Cre can regduyce dhe Wedhehadsi ol simpher tBeivitisn ardblSor spe-
wld-type loxP sites. It was further denonstrated by LEE et al.

(2000) thatlfGre acaavpEeoMRP he®VdpHEePFeRR(TENEE S¢RBsen fromthe H V-1
genone. A pivotal problemin these approaches is that typically the
H V-1 LTRs do not carry E%nnetric target sites that are neco%nized by
natural | y Beendiingg tPe@ofbit haseeradic iPlasroPrERERbI N YHEEPe 3R 17 V27
re- conbi nagg, LRGGAI 2k NG @ iSEAREL thE thd RpehBVEF tLdJrepeatav iffeanisn
bp spacer. This |limtation has been addressed by SARAF-LEVY et al.
(2006) whooHew eI BPEETNES RTHIPHEERF | EhedhBiRaBB oL LMPBATT nd* 6 *6RE
hal f-side gf a target sequence that were different in sequence. The
aut hors showed that in such a scenario the two different reconbi nases
can together reconbine an asymmetric target site. However, this
approach has thﬁa)ﬁﬁidrétdmgﬁyﬁﬂtazg@ thate towaélid f es@ndndecomhidtasedral
t

woul d have to be present in the tar%ﬁt cell. Tak%p togethe{J none of
the approaches develPdPeBreseiatid® ianPLREApFPB Yt Rab bt abl e t o

deliver a singl gy ecerhhnagecidalrrcaequesesbbnectie sequence smtavepl I(y)
occurring in a retroviral genone. The present inventors mﬁrﬁlthe e
first to realise théprréeﬁwﬁiﬁgcomblnatlon sequences for which specifi-

cally tailored recombinases have already been pre-
pared;

(c) in case at least one of said known recombination se-
gquence exists, then a compound selected from the
group consisting of an expression vector comprising
the nucleic acid of the tailored recombinase specifi-
cally recognising sald known recombination sequence,

said tailored recombinase, a fusion protein compris-



ases could be tailored to recogni se asymetric target sites different
fromtheir native symetric target sites by split- WO

2008/ 0839y1P5abé/mR3H08/ 000021 16 ting up the substrate patRpodsiPer
of new subsets with snmaller differenggs fromthe original target and

stepwi se tailoring reconbinases to recogni se these subsets (see
Figure 1). Further, a conbinatorial approach then allows selection of
functional nol ecul es recognising the asymmetric target site within a
gi ven sequence. Thus, using a new approach of traversing through
substrate internedi ates during directed nol ecul ar evolution the
inventors are able to produce enzynes with renote novel asymetric
target specificitiesg Tie natined afid Fequeesenpfi agedt Eohldprd recom-

preparing an eXpresmsﬂn%%eV%.t Uy %ﬂ%;gi 0feR L] Oéoﬁrgaﬂiggﬂgbgg@éeex%%j@

tail ored reconmbi nase reconbi nes asymmetric target 'sites"wthin the
LTR of proviral DNAsiarserdoggri isoprhpagethone afphamngseugersl §eapeR-

expressi on vectors g %Odéo(f}g t;h%i '&@Sgti&?o | 1RS&S LAt LECOIDLAL sub-
asynmetric targets Sites differéen romthe target site of the
wi | d-type recombi ngse:t Thethmetticd cskauhecénvehth ohororsy sus dtheleast

steps of (a) deternni Qgtgh%hgeﬂ%%@c%a%aéege LIR;ofnLhe i RroVhE ak- OV

identifying therein sequences w'th hono of at least 30 %to the
left half-site and sdmariqpst bl knsin e teagaencésesf dnown reapgeinase,

sites of reconbinas wher.gi n 0 ences . al L, SepRanat ed
by a spacer of 5- lzﬁiéurceilenot&c?es%&gﬁg’%\%hggrg?ﬁﬁ?ﬁggﬁom _oa%tgjs LTR s
sequences with hi ghesicdwormd gy-2t nual&ricwiest arget 1dentel figgr egéntemrd

asymetric target se eec;ri(:b)cagégpagé Jwe .synthetic sequences,
wherein the first synthetic sequence corresponds to the sequence of

the asymetri c (tar geer Seguencestépst ép) (&P hdnol @foliset gforementioned

method for preparing an expression vector encoding a
tailored recombinase specifically recombining the
asymmetric target sequence identified within the LTR
of proviral DNA; and

(e) preparing the expression vector obtained in step (d),
a protein or a fusion protein expressed from said ex-
pression vector or a stem cell transfected or in-
fected with said expression vector as a pharmaceuti-
cal composition for the reduction of the viral load

in the subject.

In a preferred embodiment the directed molecular evolution ap-
plied in step (d) is applied on a tailored recombinase already
recognising a target site different from that of wild-type re-

corbinases.

In another preferred embodiment the tailored recombinase ob-
tained in the above methods is included into a collection of

specifically tailored recombinases.



WD 2008/ 083931PCT/ EP2008/ 000021 17 the left half-site of said known
target site plus the spacer sequence and is referred to as "half-site
sequence kye6RMAsBerein the second synthetic sequence peQfepesResEs t O
the spacer sequence plus the sequencegqyof the asymetric target
sequence of step (a) honologous to the right half-site and is
referred to as "half-site sequence 2";. (c) determ ning the

nucl eotides within the synthetic sequences of step (b) deviating from
t he correspondi ng honol ogous left half-site and right half-site
sequences of the known honol ogous target site of step (a); (d)
generating a first subset of two target sequences on the basis of the
synt heti c Bequereesiof steputbler wireraited: He fa retllegtdgenr ségbehkersd
the first subs rises,an inverted r ngLSLLPO ¢ alf -s
sequence 1E§Pm§feﬁs%§) gRa ha gt & te qﬁggg%”§ 233 %gtegEgQ e the
spacer seguenme, oand pheriius.t he second target sequence in the first
subset conprises an inverted repeat consisting of half-site sequence
21 and half-site sequence 2 of step (b) separated by the spacer

sequence, . wherein hal f - S|te sequences |’ and 2' represent inverted
repeats of the respect d v8 FE§I§ 1 Gedrftin step (b);
(e) generating a secon set ar ge sequences on the basis of

the target sequences in the first subset of step (d), wherein each of

the hal f-sjte sequences t oget he i e re ti cer nce_
'g% %eg&céngHg?ﬁe Flrs 1rst 3&%& %%V%B@ Q mé@ H@ 89

of the tar K set IS use
generate aing ndependdmiatbad gét s@qrﬂeate ofirkied stemnsue‘s@uwn ap-

fornlng an IJQ@ r%%pg%% EeOQ tgglgg)&yég%%%%lﬁggéEEgggﬁbggggz%symmetw
ric sequence within the sequence of a provirus integrated into

the genome of the host cells.

Directed evolution is a laboratory process used on selected
molecules to cause mutations and identify subsequent adapta-
tions to novel properties. Hence, it is a powerful method to
select enzymes with altered specificities (Yuan et al., 2005,
JOHANNES & ZHRO, 2006). One prereguisite of directed evolution is
a starting enzyme that has residual activity to allow the evo-
lution strategy to be successful (BLooM et al., 2005). An en-
zyme that has no activity on a substrate is unlikely to pro-

duce wvariants that now act on the distant target.

The method of the present invention may also be applied to
tailor DNA-modifying proteins in general. However, recombin-
ases are preferred. The term “DNA-modifying protein” is meant
to include any protein whose activity causes a change in the
sequence or structure of nucleic acid. Examples of DNA-
modifying proteins suitable for being tailored by the method
of the present invention include proteins involved in homolo-

gous recombination, exonucleases, DNA methylases, DNA ligases,



18 the basis of the selected half-site sequence, such that the spacer
sequence separates both sequences formng the inverted repeat,

wher ei n t Rgo seEMENses of both hal f-site sequences ori gippgigp@s/hiod
one of the target sequences in the fijgst subset of step (d) are
altered during their synthesis and prior to using sane for generating
the inverted repeat yielding the conplete target sequence such that
inthe left half-site sequence a portion of the nucleotides deviating
fromthe correspondi ng honol ogous hal f-site sequence of the known
target site of step (a) is replaced by the native nucl eotides found
in the known target site and in the right half-site sequence the rest
of the nudesatiidesoderatdnuglitreast hetqmrisespoadéng Howplspgsases efand
haIf-siterie%orl%r Igced by the native nucleotides found in the known
target site, Su R°that in both half-site sequences originating from
OPF éar_get sequen?:es of the first subset of step (d) taken together

a evi at nu tides ¢ e u é\gg[e sal f

hal f-site Aslgql?él gleg&a o%%tecn%%ﬁﬁi sgeg ggf'l evi a??%%%ﬁcﬁ ot ?éd}seics%ﬁjl(efi) by
gener at i ngiifrerxcttledr subbet sorof Haar géeesequédelbs stegadnigeflr offede ©.9-
target se ces in es d sub t aj i

st epw se ?Cgogeqétnisnﬁtt g’brg@@s’ o% zr[eéfatﬁ)j%?é) h@ﬁ%ﬁé{"i ?ea%gg(ﬁgﬂa??ﬁﬁaegsﬁ%%v
subset gf trarsgefarséquehtesinqintlid nrvpelnal és spf ea seepadd@estotA AGCeTe
inverted repeats w.thi ach ner at get S i N,on
two or thr%lenenu%lré%ttulr gsﬁ'dceé\(/:f:g?f:%régf ?%%%lgc%éo?r&g%s&%g%%fngg oarr%l%goﬁé
hal f-site sefiendevef shhenkhban €oe gedn sigduce the viral load in cells
W2008/ 083931PCT/ EP2008/ O 9 (.q)i_ i - | ar, di,Lec

evol ution ‘%lne %er}{er e‘(?:lojgibgl n%oglgtégié%'oé"(nlgg gg%%égg%ggw&l@ﬁgho?%ggég {fg?gei?r
Si Le cho;edaﬁqnssﬁrepe(la)byusﬁmg athealar déf08keqibatesref tate feprbine a
subset obt gj i (f taLain .| hr ge ti -
devi ati ng %%%q;t h%%%??gsﬁéﬁggﬂg%%hm oég;(r)][ﬁlsv hl\gfbfe?{soim:eé geé’ggﬁ’tég@ow%
sai d knownldmnbh ogbese t appetadide b3 dhaubsypieally hhashiliF¥t ngTRhedo

reconbinasﬁbéiégfyg(§§ﬁﬁg%kygdtgggé{egi£&9;that are recognized by natu-
rally occurring recombinases such as for example the Cre re-
combinase recognizing a symmetric 13 bp inverted repeat with
an 8 bp spacer. This limitation has been addressed by SARAF-LEVY
et al. (2006) who developed heterospecific recombinases, each
binding to one half-side of a target sequence that were dif-
ferent in sequence. The authors showed that in such a scenario
the two different recombinases can together recombine an asym-
metric target site. However, this approach has the main disad-
vantage that two different recombinases would have to be pres-
ent in the target cell. Taken together, none of the approaches
developed to date in the prior art has been able to deliver a
single recombinase that can recombine a sequence naturally oc-

curring in a retroviral genome.

The present inventors were the first to realise that recombin-
ases could be tailored to recognise asymmetric target sites

different from their native symmetric target sites by split-



(i) applying nol ecular directed evolution on the shuffled library
obtained in step (h) using the target sequences of the next higher

subset aco@pdidamedos step (f); (j) repeating steps (h) Qe dehdoskitobs
at | east one reconbinase is achieved gy nol ecul ar directed evol ution

that is active on the asymmetric target sequence within the LTR of
the retroviral DNA of step (a); (k) isolating the nucleic acid of the
| east one reconbi nase obtained in step (j) fromthe library; and (1)
cloning the nucleic acid obtained in step (k) into a suitable
expression vector. In step (a) of the method of the present invention
t he sequence of the LTR of the proviral DNA is determ ned, such as
for exanplwngy DNA Wequenbs ppisi Agtehal navebat natf nged nHHwisegss with

( SANGER et_ alyq,., 1 r i f..Lhe . o LTR.8f; 5.
retroviral ingé%%%dg?%%%q{C§{58%0§E§§?H%Eg '%iﬁ;%gg Eﬁrggééggg%n

det er mi nedjoxtiligs retepbtamsdre wminercednise thesartdimretsossedl Elgerasy -
known Seq”ﬁl}%%sefra"aé' %‘81.181?659 %%qugggz?o% abases 219 khes LA ol of

t he sequencé infdérmation conputer-b d anal ysis of the sequence
i nf or mat i ofvrics ipeerf omrde cud es\WI 200846 8893 HRET/ EPACOGS/0000Er ¢  site

within a given sequence. Thus, using a new approach of trav-
ersing through substrate intermediates during directed molecu-
lar evolution the inventors are able to produce enzymes with

remote novel asymmetric target specificities.

The method of the present invention for preparing an expres-
sion vector encoding a tailored recombinase, which tailored
recombinase recombines asymmetric target sites within the LTR
of proviral DNA inserted into the genome of a host cell,
yields expression vectors encoding tailored recombinases that
recombine asymmetric targets sites different from the target
site of the wild-type recombinase. The method of the invention

comprises the steps of

{(a) determining the sequence of the LTR of the proviral
DNA, identifying therein sequences with homology of
at least 30 % to the left half-site and the right
half-site sequences of known target sites of recom-
binases, wherein the homolcgous sequences are sepa-
rated by a spacer of 5-12 nucleotides, and wherein
the homologous LTR sequences with highest homology to
a known target site represent the asymmetric target
sequence;

(b) preparing two synthetic sequences, wherein the first
synthetic sequence corresponds to the sequence of the

asymmetric target sequence of step {a) homologocus to



identify therein sequences with honology of at least 30 %to the left
hal f-site and the right half-site sequences of known target sites,
respecti vag¥aRfosspoWn reconbi nases that are separ at ed | e
spacer of b5- %2 nuc?fe)otldes The termy,reconbi nase" as lf?efg‘%ﬁlegﬁen?ﬁﬁﬂ
refers to a protein involved in recor}bl nati on. As such reconbi nases
recogni se and bind two specific DNA sequences terned "reconbination
sites" or "target sites" and nedi ate reconbi nati on between these two
target sites. Accordingly, the term "reconbinase" is neant to refer
to any protein conponent of any reconbi nant systemthat nedi ates DNA
rearrangenents in a specific DNA | ocus. Naturally occurring

reconbi nases recognitse lafmma&ifesi‘aegm ssailtleknomsﬁémqeng sétetpbus the
i dentical sequences_termned h%Infces%g 1 mat el.y «8529_ PPte se-
form ng an mvertedsrepeat &rei A'the ha -site sequences are
separated by a spacemersmquéhcetr@f wﬁelzlbpthdetsmssrtcb sty@tlhet:ed shatenge
the present invention and al 30 |n h 'targ

sequence", "target RGeS recor’rﬁl n %%%%1 %eliueé’pré% lgéeghe sequence
i nt er changeabl y. Coof ridrey asymokeerhat taeddty segoanee gt rdeentirhasesclo-
recogni sing symmet rj g, faggel ysl (e, ABLIGH, Of LG PIASENLeg to as
i nvention provides T ored Tecomi nases recognising target sit

whi ch do not consi sthﬂfmlﬂmdeqnencseﬁtrences separated by a spacer
Instead, in th sypmet. r i t S e o] n&or
symetric i nveﬁde ?{%teera lang’ch% hu F?Soﬁffafﬁg#%g{%r zggnﬁ?ﬁgs% a

to recogni se an asqumraa:aif teaxeg:et(bs)l devshbinhal fm:’u)gl’ﬁe’sezoarmdSpondinq
reconbi ne target si consi.sti o] I t of yi Hence, -
0 2008/ 083031PCT] EMIUDRTG0T02 Lo WPRA B Sh Sngmkey Taoet 8 e

t he sequences ref erqeehdas asf "tled t kit -Igintod'ogand teright Hbtd -of t step
respectively, are d gined by their honology to the |eft and right

hal f-site of a kno ‘arget site. The sequence | ocated between the
sequences honol(dyousenraratiand ef tfigsd suphet haf f et teargeta skApances on
target site is refepyed S 319?4 M8l dd u%el%gncoqs e f d
in the LTR that havéﬂgnfjggﬁgnoisfp er the (1 or the I’]&) P
hal f-site sequence Elﬁemkndwre tfarrgét tsmet W@éCSeqlnuet?hfes‘-l@éGI 6Ubset
neverthel ess be usedol 101G RIACH %@l 0B RE G : JdINEN ORI FDE; to
size of the target S|te onging to the reconbl nase, whiose native
target sequence showsIirrms o@y Qﬂ) steperieés agd hhal £ HeTREeGe afowh'
to the skilled persggpafggecexggp e |; Aol e'n%ef oWl Wit didy 4 hehe
LTR sequence to a target sequence recognl sed by the Cre reconbi nase,
an asymmetric targetestre tardrt remgacsednbyher 61 ¥ el OTHIISRAS EOTRBUF €S
consi st of 34 nucl eQI‘:' %@e}%ééﬂ E@Beml I:or?éfs%l%%qwcﬁaslfafm.%g sequence
nucl eotides each separated by a spacer of 8 nucl eotides. Accord %/
t he honol ogous sequéncendi bl frite ISERUESCHe?i ABASERP eﬁh)h@epﬁﬁétﬁ f Py
or the right half-sifg ap,tbe %Qéﬁé‘ﬁcé’f e ASY MIBLA-Is¢ tLak@ghedtd S 1/
dependi ng on the honol ogy to the sequence of the known target site.
Thus, sequences W thnﬁo%l sgprescthelnesxtashlfepsate of dhendRIPeargee
sequence are defined,ag. lefd Jenskhber Sgguencesvh rb,horml ogy to
the right half-site of a known target sequence are defined as right
hal f-site. Stareinggpremting alericandi éﬁbSQﬂwe?fottﬁégeba$?%‘J%fcetsh€n the
asynmetric target sptessape dedineddndeleanss des alione Gfstt Rebset of
structure of the known target site.” Thus, havi n%édefl ned for exanple
aright half-site séaaﬁnbé)w‘fhﬁrr?lﬁ’lhéaEer?%\Fé}e A5 BEYe tIPBSNERP to-

site (recogni sed by LrR-#€GQWh the respective spacer sequence of the
target sequences in the first subset of step (d} 1is
used to generate an independent target sequence of

the second subset by forming an inverted repeat on



WO 2008/ 083931PCT/ EP2008/ 000021 22 bi nase), the other sequences
corresponding to the spacer and the left half-site of the asymetric
target se nggmﬁg@ﬂ easily be defined. The spacer Sequ%&%ﬁ:ph(}%s/ﬁﬁhn
exanpl e defined by counting 8 nucl eotjgdes upstream of the 5 end of

t he sequence defined as right half-site sequence, whereas the |eft
hal f-site sequence is simlarly defined by counting 13 nucl eoti des
upstreamof the 5 end of the previously defined spacer sequence.
Honol ogy in this context as well as in the whole application neans
sequence simlarity or identity, with identity being preferred. A
preferred conparison for honol ogy purposes is to conpare at |east two
sequences using statmlartlasieshnifqm l«aﬂiw¢ti8d thed fapitei netiueliory, buth
not limted to, thelocal hom)lo t

(1981), the honol ogy bl gnrrenst or| ‘Eén@N%%%%ﬁ% &DW nyences
(1970), or the sear thrhiorg gihe Ilawetyedetdrmtof WREARBON & LSIEMANnceS of
(1988). For the purpose f eguenc ogp! pgy

is preferably deter}rgn %é}%lsfl nsgjL teﬁes’%%lﬁl%éf FV\%)H': Aotqn%p?og{aaﬁﬂng oF ERd
avail abl e fromthe Earopeaedicvicetoimathestinst isuhsey BBl )stegnl(@?ssare
ot herw se stated. |n vie r t [ (L:]gq t
sites that nust be p?%%‘%%%v gur%xﬁi tggg%re%g?}%ﬁggsr\(%@ﬁ gtlﬁ ogvg’tg
reconbi nase to exci sem¢ héo:segm&mzae:a.h)gt vben lnhes’eed V\mn@(tgertleérl@eg,the
sequences of the prow [ A ned,.i e ): h thod:_
of the present |nven?|% er%%r& %%gseg Qu?‘léa%a(t?vﬁnceth%n%g% 2t
genone. Such sequenee’seaseqdmceemmr&lpheOIﬁTRhsequeh%@SIdﬁs tdeyiating
proviral DNA. Accor i s, PFef;eahkl
scanned, since the g Q%Téﬁanggfﬁg%%% %ﬂgﬁﬁga;pﬁr oviral DNA a Xluence
identical. An asynmmetr tbal khavgetasiaie @r%e@ﬂ stent hi@)5s' J—Smellécaqisby

present in the 3I-LIE%aﬂgkiégoﬁgg%%59§§8§LBQI&E%%QQ%@OQQ@QQ-é%%get site

and in the right half-site sequence the rest of the

nucleotides deviating from the corresponding homolo-
gous left half-site is replaced by the native nucleo-
tides found in the known target site, such that in
both half-site sequences originating from one target
sequences of the first subset of step (d) taken to-
gether all deviating nucleotides can be found,
whereas none of said half half-site sequences alone
comprises all deviating nucleotides;

(f} generating further subsets of target sequences start-
ing from the target sequences in the second subset
obtained in step (e) by stepwise repeating the proc-
ess of step (e} each time generating a new subset of
target sequences, until the half-site sequences form-
ing the inverted repeats within each generated target
sequences contain one, two or three nucleotides devi-
ating from the corresponding homelogous half-site se-

gquence of the known target site;



thus allows for excision of the proviral DNA | ocated between the
LTRs. Qut of the sequences identified within the LTR sequence havi ng
sufficiengvgﬂﬁ@bggﬁ_to known target sites sequences ar @cpipids b
chosen that have the highest honol ogyeto the sequence OF t he target
site of known reconbi nases. However, It is also possible to select
sequences ot her than those having the highest honology. It is to be
noted that the potential of the nmethod of the present invention even
allows tailoring reconbi nases that recogni se asymretric target sites
with less than 30% honol ogy to known target sites. However, to ensure
the presence of residual reconbination activity for the respective
asymetric targel sigpying ir®lpcefer ablyestahned Furiequentes hesdmy
a honol ogy of at least 30 %to the |lefi half-si ' -
hal f-site sequences %ﬂaﬁ%uﬁﬁgqﬁgﬁﬁéngFﬁgsﬁg?wﬁné§ﬁg?g%%%%iﬁééégf Pne
further preferred esthodimmemt Stieb i(8) scaimedHortasmmpteseasehaw$ ngt athe
honol ogy of 31, 32,_33,, 34, 35, . 37, .38 , 40, 242, 4 44,
neaer 43 a5 a0 finn Sfwedy offaind iilsedR (£ cclfpaifnaggne ieuo
62, 63, 64, 65, 66,06%hGR n6@led0ides devidti, f7dy 6 cp@refFFondylg
79, 80% nore preferably 85% rti ar| erably. 90,9 d -
preferably 95 @6toe??ﬁ?%%ﬂqyshgﬁﬁéifggéaﬁ%¥?%%8%iéﬁtg%ﬁ?fFégﬁg nBR5io
sequences of known ¢argetargiettesioé knawvsubstorbénases. In a preferred
enbodi ment of t presegnt. i nvention. t uen C 4 hin
LTR has honDIodg?tos?$£¥%ﬁP éﬁ%(frC%%%?Fgggeﬁl%??%§é$e%§gﬁ¥%%dl%yséﬁi
site specific reconbgnase Cre. In a nore preferred enbodi nent the

sequence of the.asym . WD 2008/ 08 1P P20 4 et o
Cargel Site i s 0 ARCAPECTAITRCACDCT AFATROAICATCL s o 420 FBYRE
2) (Figure 2A). |In stlepalb)obbeimdibsen steperibés uaingi rtichetampRet se-
horol ogous to a kno&@ﬁ@égeéfS.%§ %)?t l‘l*?l efrorsuB%%Ea'éicegr&y\Qg to step

synt heti ¢ sequences. ese synfthetic sequences are prepared as
ol i gonucl eoti de seqU&hces by methods known in the art. The sequence

of the first synthet] r r - thalf-slis seauepcsy-
1") correspondéjﬁo %%égiﬁgﬁgﬁggp%f?%ﬁéngI%gtgatésynnetric target
site within the LTRbbhasdhelipr echigsetiobyl opdgsuiort Itd reetedhgvplsiien
of the known target. sife .and,j degs t seg et yeen. ¢ he
sequences representF§%£tH% I%#?Bgﬁdgghéhgigﬁt_ha fjéite, g%icheﬁgence
referred to as the spaier.tliEhdTReobnthe wittireriicad Gl TGP dgponds

to th . ; Sin-
0 the spacer S&que,?%gl%?%u% ][%%teﬁ%%@@% apélcfhba% sabegtegh asymMBRLLing

target site within ‘ 1€ provirus honol ogous to the right
hal f-site of the knewm thtajetedsiimestdhi & )sdemnd tbki §bmirt wottinde

sequence is refgnred 50: 35 ¢fidl fuSili® S894EHSLaned in step (k) into a

suitable expression vector.

In step (a) of the method of the present invention the se-
quence of the LTR of the proviral DNA is determined, such as
for example by DNA sequencing using chain-terminating inhibi-
tors {SaNGer et al., 1977). However, if the sequence of the LTR
of the retroviral DNA inserted into the genome of the host has
already been determined, this step can be omitted. It is fur-
ther possible to use known sequences available from sequence
databases. On the basis of the seguence information computer-

based analysis of the sequence information is performed to



The spacer sequence in both synthetic sequences is preferably
i dentical and corresponds to the sequence of the LTR representing or

defined asygbg r sequence of the asymmetric target Sl
However, |n6a urt er enbodi nent the ,gpacer sequences of Lo?ﬁwmmﬂn

synthetlc sequences conprises one or two sequence devi ations. The
deviations are preferably nucl eotide substitutions which retain the
original length of the spacer sequence. In step (c) the nucleotides
within "half-site sequence 1" and "hal f-site sequence 2",
respectively, of the first subset of synthetic sequences of step (b)
deviating fromthe sequences WO 2008/ 083931PCT/ EP2008/ 000021 25 of

t he correﬁﬂ@ndﬁﬂg hﬁﬁbéb@Oﬂ@qﬁ&ﬁdedﬁﬂﬁtmﬂHamoandyrbghhthabhs$iB@ % to

sequences of chosen_kpown target ar et.er m.ned b ue
al i gnnent gﬁd 3& 33 E%a?? ﬁg 1?&%3 é@%té&? S?ﬁ%e%%dﬁéﬁgeh%“m

"hal f - sit&asgquenﬁftdg,|Sespm¢ﬁmuyiyto émekﬂowne&g@ndbmgamaﬁlweat are
hal f-site, r fer%_ t he f S|telsqg%ﬁnce wher eas

t he sequeﬁ@?a5Fteﬂa? -Bi TS ﬁeﬁ%@C%F 9 6%pa?%de? *fer half-site
form ng the palindromc native target site, which is preferably t he
ri ght hal |te sequence. . This, hodcyq} not necess rily pegforned

after steg}% FeIfd BECSFPERR ST epas( d)5% it trﬁ’o%r Yhé Prvention,

but can ah&:(lvbel piat f oeseebinstd odhi. f faer eaﬂclphaseordhrtat&snerémtbraﬁsteerand

step (a) %ﬁ cPréég gé@éﬁ 1C(S§A sequences termed “recombination sites”
or “target sites” and mediate recombination between these two
target sites. Accordingly, the term “recombinase” is meant to
refer to any protein component of any recombinant system that
mediates DNA rearrangements in a specific DNA locus. Naturally
occurring recombinases recognise symmetric target sites con-
sisting of two identical sequences termed “half-site” of ap-
proximately 9-20 bp forming an inverted repeat, wherein the
half-site sequences are separated by a spacer sequence of 5-12

bp.

It is to be noted that in the present inventicn and also in
the art the terms “target sequence”, “target site“ and “recom-

bination site” are used interchangeably.

Contrary to the naturally occurring recombinases recognising
symmetric target site, the method of the present invention
provides tailored recombinases recognising target sites, which
do not consist of palindromic seguences separated by a spacer.
Instead, in the asymmetric ftarget sites the sequences do not
form a symmetric inverted repeat. Accordingly, a tailored re-
combinase able to recognise an asymmetrical target site should
recognise and recombine target sites consisting of half-sites

of varying seqguence.



In step (d), a first subset of two target sequences is generated
usi ng the synthetic sequences of step (b). The target sequences of

t he first‘§¢9§§h&@§p palindrom c ol i gonucl eotide sequepeesphiayvhiigt he
structure of a synmetric target site, These artificial symetric
target sites are synthesised on the basis of the half-site sequences
of step (b) by conplenenting the mssing half-site sequence in each
ol i gonucl eoti de sequence as inverted repeat, wherein the sequence of
"hal f-site sequence 1" and "hal f-site sequence 2", respectively, is
used to conpl enent the second hal f-site sequence at the opposite end
of the spacer sequence. Accordingly, the first target sequence in the
first subset (referred to as "target sequence 1") conprises an
inverted repeat consisting of the "half-site sequence 1" %nd ng

i nversely W%ﬁﬂé@té@-ﬁﬁdmﬁggFf% EafPRncE 1o "t c8G By TEh8T Epackt *°
sequence, whefeamitfheiseconddt argght SRauUenEicd” thapelctstrespbsete de-
(referred to as "target sequence WD 2008/ 08393 PCT/EPZBO@/OOOOZl 6
2") conpriSEeRPY & e dFEIOT EOnPEt ithiCoP Ehé PRV PELf o HiEpett Y
"hal f - si t exgoaUeNGe2 'siaBd Thal keghbBcsenbenenl Petsapar ahed shyuthees
spacer sequence (see Figure 1). In "target uence 1" thiﬁsggugnce

are arrangeRPALIue| dis ThE Lafd G & 18 u@%ﬁ “31t8pglef- MHY preet

sequence lsiva3'is irBretdédedo SRAWReer2” the sequence are arranged as
follows: 5" -"halfsite sequence 2'"-spacer-"half-site sequence 2"-3'.

Simlar to what is stated above in step (b), the spacer sequences

Wi thin eacgo&mrsyrltfh%@gqehaégearéegmeﬁ] ofhd herd igrsit Swhbsebnayeho-
preferably identical and corresponds tqQ the ggqgggfe of the LTR

repr esent i ALY der istéeastPhetehacyr S¥yded R S iREPCE of @
target sitgnokiowey®fet idita,f whcher sephedteEntoihe spanahelegueheessed
may conprise one or two seggence devi ati.ons gtigin tiqﬁkfro c far—
nucl eot | de?BubRT IRAAGTGRE. CEehBF APt hildVEPEHCP ept B8 et % &% iTF§t
split up ofet heiseqpanegsngf tbhehasysmiginaskar gabssi hetisel ectredtf oe-
tailoring a specific reconbi nase (see Figure.,l). Sequ s .ar
generat ed fIR® ?ﬁSFQQﬂgp%ﬁﬁgEB%¥iﬁﬁ Ty chﬁgﬁb%tt@?ﬁgggdéfi3€8wPrgﬁ1
the hal f - sthessrilidie BenuBIEt IFdr t@geilesi tif Selnedibey fier fominHomingia
specific reconbi nase (see F

epoc! 1o, | BEOTLIASE (858, PLAUCS, Uyor oERIEETUEIEE:, SR, TuLAL B0,
reconbi nasepcpfieseite,i Anoaeyhabtr st tiamfetsaiideasynhet récodrarsget byi Cee
RS o DED. SR A0 U RS LIe SYTEAY! 5 LTLIEL ST CS TR
target sequepeeseq@ferdded bifr 38 subsedt s useld epgeacedtlsy & sgoord of
Tt o L S8R ERENeRl L, TP BRLE SEYSORST e
LTR is defined as either the left or the right half-site or
the spacer of the asymmetric target site depending on the ho-
mology to the sequence of the known target site. Thus, se-
gquences with homology to the left half-site of a known target
sequence are defined as left half-site, sequences with homol-
ogy to the right half-site of a known target sequence are de-
fined as right half-site. Starting from this definition, the
other parts of the asymmetric target sites are defined under
consideration of the structure of the known target site. Thus,
having defined for example a right half-site sequence within

the LTR over homology to a lIoxP site ({recognised by Cre recom-



WD 2008/ 083931PCT/ EP2008/ 000021 27 subset of step (d) is

i ndependently used to generate a new target sequence (i.e. formng
the secon y generating an inverted repeat on i f

t he sel ec%ﬁgﬁgﬁﬁgﬂe sequence, such,that the spacer SPTngﬁEgg@gfmﬁmﬂ
separates both sequences formng the inverted repeat (see Figure 1).
Thus, the left half-site sequence of "target sequence 1" is used to
generate a first new symetric target site, the right half-site
sequence of "target sequence 1" is used to generate a second new
symmetric target site, the left half-site sequence of "target
sequence 2" is used to generate a third new symmetric target site and
the right haldsesi,t anseqignree Rfquehakgetozequpne®ing i thaabpycaiseshd
to generate a fourth new symetrjc target site, wherein each tinme the
spacer seqténce ot }tarlré'ﬁélténf’gl thar gaYMBehuen 598 FEAUARYS i Rt The
new symet {i¢ gargatinsldt. e rheeephtgir sedjenddoviay eforanckampst HepoOfiédnty
the half-site sequences derived from each of the,target sequences of
the first SUBES9alfe "ACHLEPEYIGRr Y- 1F7E ro%mg’si ?ngnﬁprgSr sgguence
usi ng samedd Mimegenes ?Ei@%tt h@flfﬂ:yﬂi’é eﬁledi@%ﬁﬁ, yti]ilﬁiﬂa!al’ﬂag ﬁl‘hsel D@ﬂt_pljﬁh]af—
new t arget sequence (such as for exanplLe erform.n cl eoti de,
substit uti Phsd . S§HAKE 1% tSLH‘éﬁF‘? Ytgggé’d%% 32 %Cfurhtlﬁ%w arnélgﬁeogldes
sequence (gegiresh fadomige t ar gehaseguanee ffeviibasiyr skrsnbsetpader se-
portion of the nucleotides deviating fromthe correspondi ng

honol ogous9¥l9%-si t e sequence of the known target sequence of step
(a) is replaced by the native nucleotides found in the known target
sequence and in the correspondi n%tri ght%’]gtal f-site Seqt eﬁce deir.i vgdor1
fromthe sBPRCIEYet? sEHTentd F M R 11 Subdet Y HE' S Est® B8 The”
nucl eot i degedleyi abpignés omikheaeOt ¥ espontders itgnol wgousitefitity being
hal f-site is )gceglplegaged by the ngtive nucleot%deshfmind in the <[,._<Er’1o¥vn to
target seqBEhtE (ee FiRFTHETIFY FREPATLLT oL T Yes " AT EPEd PPAPTRE® | 6Ft =
hal f-site asgpdiid far Qriashr @bt begeemrended rign stthedatdght edtal ifquest &pown

such that WD 2008/ 083931PCT/ Enga(l);?/ Ogg?r?%l 2 éh*? devi at.i ng ,

nucl eot i ded™aFBS offy ptEsdtt"Gnc&Utn™ the 1o homology

38
MAFFe stee seguences
ori gi nati nglgsommone f Bvget < egueraes(10B 1 he thier Bbmsldigetaliginmhet Bh-
the target sequence_forned on the basi the |eft _half-site Qr.ibn__
the target I8EHUEhCRE fI\gEIEPrIBE&mBn&t gs@as,(ilg?%'t% lrﬂi“?;h?‘%hracihf -Sésol:t esq(n§légr
Figure 1). ibyrinbehodt be sequence hisver atlis®s)i.s Foar rthed pouposaghofhéhe
each devi ating nucl eat.ide.is retai ned once in qQne _of _-th .
hal f- si { eSPEPRATT yAPHIGHE 4Pt RETRERTE HTHO S e 1Sehashea 4l dinr ERenFd
conpri se ahkiggviadi oguausleotodes:e rAspabgmad\avstidbbde alfove ithesEeps-—
(b) and (d) the_spacer sequences_ . thi h t ) j
sequences 8f23 %]e\gf)\]/réff%éﬂgfe'lﬁgi %@ft \é%ﬁt\?eBEEr?ﬁm %Iy%ysns%/%;e:ﬂ%&%%ér Ssr'ett%%th'
sequence of a higher subset are preferably identical and corresponds
to the sequence of the LTR representing.or fipne S S I
sequence o#nt Hée‘ésﬁ?%mg??i ¢© %f’beérfenéli tog. Omg\%eep?l?%?at%{};reetth%ﬁ%gs that
enbodi ment mbhbe spagsrsesgquenceés payomonpf | ge grevorus woe sEdisencée re-
deviations orjginating fromnucleotide substi.tuytjans. ing. Lhis
appr oach, Fﬁr@b%ﬁ%eer tgf Tt at olrzllga(is.e@.u 5‘?f§f ebreél{tr‘fcegg t 5 e 1t:aéragetargmz
site recogsiised, byetihenadd bf yipge rpconhialad®p iaret eanaedetinsegaendes
representin ch subset i | Ler _than.i e st in S EECat
{argor seqiindd® BTN tht ST oReearat oorlphr T cEhkt ca P YRELE  ©2
t he target lsegtieneise (seetld gaereonk).. Such sequences are for example the

LTR sequences of the proviral DNA. Accordingly, the segquence
of the LTR is preferably scanned, since the 5'-LTR and the 3’'-
LTR of the proviral DNA are identical. An asymmetrical target

site present in the 5'-LTR is also present in the 3’-LTR and



The term "deviating nucl eotide” as used herein refers to a nucleotide
within the asymmetric target sequence identified or defined within

the LTR orgabidiksesy target sequence of a subset genera5%q$§$§%%ﬁhﬂg

to the present invention that deviateg (i.e. is different

nucl eoti de present at the same WO 2008/ 083931PCT/ EP2008/ 000021 29
position in the correspondi ng honol ogous sequence of the known

honol ogous symetric target sequence of a known reconbi nase chosen in
step (a) of the nethod of the present invention. In this context, the
ternms "deviating nucleotides” and "nutations" are used

i nt erchangeably. An exanple of the generation of subsets of target
sequences tihsiss kdinwsnrfergenerishiby of FEhgumegoyiral nBNa dpedtidd chetween
exanple o h%hETQ%SiS of an asymetric sequence within the LTR of a

H 'V provirus is Sshown in Figure 2A. In step (f) further subsets of
target sequences are generated starting fromthe target sequences of
the second, subset Y SLERUESS {ERRANAG LBen B OGRS SOl o34EBn(E) halery
splitting Up e t'arget Sequences into the respective halt-site
sequences sufdfigéretabbngloew pal kmarontar sty uditg@seSeanerERS bkt sPifi-

these hal foskhe SERURNCES.AM teLAlLR IIgrble REAUEOSE O LAE sequence

hal f-site deri rom a get sequenc the second subset, éach
ti me generadt ity aarewtsshiset off knargereseRigrices, devererheihald -asise

sequences sed ol (80081 ALE N4l dJWVRLKED ERAPAIRLOHAAGO0e §¥h-

or three fucleotrdes devra i ng omthe correspondi ng honol ogous

hal f - si t e segbemodogl -t he known target site. The present inventors
reali sed that reconbi nases can be tailored using nol ecul ar directed
evol ution using target sequences as a substrate, if the target
sequence ubed ms @ bsubstedt ehat f fley dtengéelndf ethhatetdoduefebhe dese-

from the nalj.Ve {Agabas Squanca ofuss; B APNAIARA0L s SURSE! Sebbg-

di fferent orders descri bed above serves to reduce the nunber of

devi ati ng misd easyues Per taAREt Sdqrentidh ol S orthass3{sebom gk to
known target sites. However, to ensure the presence of resid-
ual recombination activity for the respective asymmetric tar-
get site, it is preferably scanned for sequences having a ho-
mology of at least 30 % to the left half-site and the right
half-site sequences of known target sites of known recombina-
ses. In further preferred embodiments it 1is scanned for se-
guences having a homology of 31, 32, 33, 34, 35, 36, 37, 38,
39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53,
54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68,
69, 70, 71 , 72,.73, 714, 75, 16, 77, 718, 79, 80%, more prefera-
bly 85%, particularly preferably 90 % and most preferably 95 %
to the left half-site and the right half-site sequences of

known target sites of known recombinases.

In a preferred embodiment of the present inventicn the se-
quence selected with in the LTR has homology to the symmetric
loxP target sites recognised by the site specific recombinase

Cre. In a more preferred embodiment the sequence of the asym-



WO 2008/ 083931PCT/ EP2008/ 000021 30 1). The stepw se reduction of the
nunber of deviating nucleotides finally yields a nunber of subsets of

t ar get se%9@§@¥3?%1edi fferent orders with decreasing n‘ﬂg‘i’ﬁ:ﬁ'z%o%%}gn

devi ating nuc s until a final sybset is created that can

used as a substrate for nolecul ar directed evolution. Wile creating
the different subsets and thereby reducing the nunber of deviating
nucl eotides, the differences to the target site recogni sed by the

wi | d-type reconbi nase are spread between several target sequences
that do not conprise nore than 3 of these deviating nucleotides each
while the target sequences of the final order as a whole stil

repr esent mdtrideviaatieng sitel eot i5dedCAEETFE THINTACALCCRABATGIRACATAEGt Bie

second sub rg guenc obtained in step (e) a third subset
is generatés?,Q &%I }\‘gwe }b?%‘%r&u?%; fifth, sixth etc. subset if

necessary. However, the generation of the third subset is generally

only necessar i f,.the.target sequences of the s n I
contain m)f’é %lff"lea’?n &tﬂrgceh edeC%OéjtePngeﬁH?:P%% idles.lnl'ﬁcgl%sgn%u g%gr\toilgéb%%) ro
the generadibmowf tdweyatexditsubset sysathi Oir gresenliygneges samphekfct he-

target sequences of_.the prior. subse i1l co i h t hr. _
devi ating UElESt | dTehsefS‘ﬁ tsglﬁ%}h Iy coeg%%%eencf etsha%]lt?nggﬁgg%r%o%lgrréjgtlggnu
subset s ofclastgele seguences Wiyl Imeltbodenénawediontthe tlré .t dhgetsequence
sequences of the final subset.only canmpri eviatin | i de..
Accor di ngl‘i'/% %f%epeffr% is%g Sé’rrllgﬁ él(ﬁus ero 0 d‘%%.fg??%g %‘%J?%éeo??%gg sﬁggeggh
hal f - sit e seguence’ )t heomedpendsf tsubdet sgrrecet od fiire emdiechiabf asivte

sequence of the as tric target. sit i ff f ol &Xaml.e
be necessaly 1'& gt'eéynreqrea&t eonly gﬁ\ef\fl&nsutbh;%ets %gégtﬁﬂeelﬂé%? alf-si te o8
sequence, wherbaslthredadf-fdue sdbsées kmyh bBergehesated angr ingdudes

right half:-site_ in orde]E 'S['P a e [ ati.n | ides. hetweep .ng
sever al 20081085931 /%ﬁgﬁﬁoﬁ%géf%%f %aé}g%tsgg;équgnges \sﬂ%ch an
that a singhe tigigethaskinenes ddeshndts cefericsd or @st tae Frecerhedbe
devi ating nucl eot | The princinl ting furt Su of
the target S%‘g%mcgn%gﬁé?e&l@r e%%ég{l%é:% t ﬁceoqfnrl?%ggrﬁ&gf tge\}ihgt i%gicr?u.cl eot | ges
t o nunber sabe| Ove tdrmenice PIf| tber acbected Rymmettic target site within

the LTR of the provirus homologous to the right half-site of
the known target site. This second oligonucleotide sequence is

referred to as “half-site sequence 2”.

The spacer sequence in both synthetic sequences is preferably
identical and corresponds to the sequence of the LTR repre-
senting or defined as the spacer sequence of the asymmetric
target site. However, in a further embodiment the spacer se-
quences of both synthetic sequences comprises one or two se-
guence deviations. The deviations are preferably nucleotide
substitutions which retain the original length of the spacer

sequence,

In step (c) the nucleotides within “half-site sequence 1" and
“half-site sequence 2”, respectively, of the first subset of

synthetic sequences of step (b) deviating from the sequences



In step (g) a method of nolecular directed evolution is applied on
t he reconbi nase recogni sing the known honol ogous target site of step

(a) usingH8.dsRkHasf sequences of the final subset obt %q%zéoﬁ%‘%ﬁp

(f) containing one, two or three nuclgotides deviating from
correspondi ng honol ogous hal f-site sequence of said known honol ogous
target site as a substrate. The term "final subset"” as used herein
refers to the | ast subset generated in step (f). Depending on the
nunber of deviating nucleotides in the asynmetric target site and
nunber of subsets that had to be generated to reduce the nunber of
devi ating nucl eotide per target sequence below 3, the "final subset”
may correspbnchd ccanygssubditg Havolewanpl éefhehzkonide @idr djighbukahi-

or a later_subset., and may,. be different, for tE g*;- it

of the asytmet rf et ARGt C'}s/feqﬁheenc%hc\i\ﬁ%i e iR&E ?ﬁ%dge%%%%%esoy

nmol ecul ar ghquectoed EMagnoenon anadl sequeheer edmpar asod abdr atbiy context,

evolution ar in vitro-evolutjion,..are _kn [ ”tpg (far [ _

see YUAN et ealsfe,qufélﬁg S%d fFleé%]grselr?(':aessetq g}rqg?n; J ﬁh@érﬁ(&zﬁgo?ﬁ% ggv_.

06) . WO 204038 IG31RCTINEP20081000021 3Bich is preferably the left
half-site sequence, whereas the sequence of “half-site se-
quence 27 is compared to other half-site forming the palindro-
mic native target site, which 1is preferably the right half-

site sequence.

This method must not necessarily performed after step (b) and
prior to step (d) of the method of the invention, but can also
be performed in a different phase of the method after step (a)

and prior to step {(e}).

In step (d), a first subset of two target sequences is gener-
ated using the synthetic sequences of step (b). The target se-~
guences of the first subset are palindromic oligonucleotide
sequences having the structure of a symmetric target site.
These artificial symmetric target sites are synthesised on the
basis of the half-site sequences of step (b) by complementing
the missing half-site sequence in each oligonuclecotide se-
gquence as inverted repeat, wherein the sequence of “half-site
sequence 1” and “half-site sequence 27, respectively, is used
to complement the second half-site sequence at the opposite
end of the spacer sequence. Accordingly, the first target se-
quence in the first subset (referred to as “target sequence
1”) comprises an inverted repeat consisting of the “half-site
sequence 1” and the inversely repeated “half-site sequence 1’7"
separated by the spacer sequence, whereas the second target

sequence in the first subset (referred to as “target sequence



In a first step of nolecular directed evolution libraries of randomy
mut at ed reconbi nase sequences are generated by nethods known in the

art, e.g. by 48089z €rror prone PCR and DNA shuffli ng (n
e.g. YUAN et "al., 2005), or the methaogs disclosed in tP%\ﬂ‘w‘%%%gjm60@21

I nternational Patent application WO 02/44409. The plasm ds of each

| i brary conprising the nutated reconbi nase al so contain one of the
target sequences of the final subset obtained in step (f). After
transfection of the generated plasmd library into appropriate cells
expression of the reconbinase is enabled and the nol ecul ar directed
evolution is carried out as known by the person skilled in the art.
In a preférnedxenbddbﬂemm tinwertkdc rearat ceosést evol of | the eApyeyealy

in ste of t 0 t ent, . 5 nee 27
subst rgt(e i r?l?eg o ellr%nge\gl%l tf%%g%E%%LQPE rhé%—ﬂ—%lzf% S?‘?EV?AI%ILJE 50012;
| nt er nat i csrea:larﬁataénﬂayap:ma cepd @y WBORM440@ee Thiegwsighstirat B2 | I bkt
D Lol 0 Pk 1% CALLT B0 GBS S CELBRgkd Na0CteRl ol D, 1 B8 wna1e-

Exanpl es. Br arge Sequences 0 ned In step ) are
cloned i ntsmtae rslmﬁmde(ﬁﬁesweja-l‘ﬂ@dfewt@tr»wm ar'y -Bogethel tar g4t

a randon1y d.co e randlq £
mut at i on 1LEFFFed ot p, SEERES B8 BREHEES RhoROLo T STEWRY
2001) . Thesngeneleabedc'pl%s’h‘l&balqetyr—ahylfssxﬂﬁewemuansée%TeH into E. col i
cells to all ow expression of the reconbinase. By using an inducible

pronoter to drive the expression of the reconbinase it is possible to
adj ust t heSiaxigreesdicorwhagdvels. smt%i Pverani ght sterubati ohhe pbpseed BNA

is isolate {r{ %@t&;'ft &l 18,8 g%gﬁgﬁ@aﬂﬁ thy |n|e é,feaugugeéh%f the

pl asm ds t wer e no reco |ne nly reco lasm ds are
subsequent firsmpiitfsedd asiet hopriqrady ThenPORapr édﬁctcoéf-’ew@ds to the

recomi ned SR el 35 4 BLACUEES R Tadtinbands The BpRcer se-

product is este
2008/ 08393@%@%08%@0@@2@%@%&@(&@ owElek balkwe ¥Rt siti kafpyther

dh gest ed cugldiindiey GOl of ! hfedh@ﬁt:egvma'w}t | Q46 orkel i SR Ne-

the reconbinase libraries ‘evolved In step (g) are conbi ned

shuffl ed. J¥rnaeecensékbgynof DA Nating| Faem |I§J%mﬁdﬁnsﬁlh"et1§ﬁltt1€f‘ér a
reviewed see M NSHULL & STEMVER, 1999; STEMVER, 1 9 9 4 ) . The

conbi ned and shuffled library is then cloned into a new generation of
vectors cofpremiliy t Hdisarygfer swpreseassor thestex@PHitgh®y @bkt se-

gener at ed &5%53é§30%fkhe asymmetric target site selected for tailoring a
specific recombinase (see Figure 1). Sequences are generated
in this step harbouring symmetric target sites derived from
the half-sites of the asymmetric target site selected for tai-
loring a specific recombinase (see Figure 1). As a conse-
quence, each mutation (i.e. difference to the target site rec-
ognised by the wild-type recombinase) present in one half-site
of said asymmetric target site has now been spread up between

the symmetric target sequences in the first subset.

In step {e) of the method of the present invention the target
sequences of the first subset are used to generate a second
subset of target segquences. Each of the half-site sequences

and the respective spacer of the target sequences in the first



The term "next higher subset” as used herein refers to the subset
used to generate a certain subset. For exanple, the third subset was
gener at ed is of the target sequences of the t.
Thus, stap?ﬁﬁgﬁ %%%?the third subset jthe "next higher Egggg?mgﬂﬁﬁﬁ'be
t he second subset. Further, the next ﬁngher subset starting fromthe
second subset is the first subset. The sane applies to the third,
fourth (and so on) subset, and the next higher subset starting from
this first subset is the asymetric target sequence with the LTR
sequence. In step (i) the nmethod of nolecular directed evolution is
applied on the shuffled library obtained in step (h) using the target
sequence dfudisie nextstemghed) subseindapeodennyy t ossd epo( fgpnekatehias new
step the sane nethod of ] ecul ar_directed_evol utjon o] j
bef or e int?F@ﬁt(ijgﬁﬂc%gPh§%df§BﬂFnﬁt%Fg 3?%%“%6§§F§%Z Fg §§Qg§£%hﬁf
di f ferent aretiacrokbdnmekpsat asn dihechast evwal utheorsdlrcthidshal&ps Ofe tére
met hod of the present in-. WO 2008/ 083931PCT/ EP2008/.000 3

venti on. E%ﬁﬁﬁ%ésSBng%Q?ErEﬁﬁ ?Rﬁq%§d§egPeﬂ%?e%?ﬁ%ﬁaﬁﬁsrgéggdéequences

evol uti on swmdndesttd begvdarecexaapdar bysa@JANigtral 1) (2005, the left

Preferably t thod of subsirate-linked proteip eyol utjop i
appl i ed onhatl%g"s”%ﬁbisﬁgae%ﬁ% %’%}Uf PEFT i BrErTES. IlTh?% 5?%% g?egggéégte
reconbi nasesfiesognkesi ymaedr i ec anrtrigri NG ittar, gethes eqiugTic elsa hiarshiduer | s
t he conbi nati on nd,t hus, i ncreasi ng,nunbers f nmutations f
di fferent THYE %geqﬁgﬁg‘:é% %?q‘ferPecelg 110EE8d, o 'ﬁlenerat% séggh&gﬁew

wer-SsUBset - e I'nventors wer
the first $gnshouwct hatrgbhesdoabi nadi dafof half-atiitensefpentée hef “target

different |ibraries, of. alower subset of target .s uences E??ElE L £
synergi st i %e"e‘f%“é%?t? and I%Scfv‘fotc% h%engeerr?%reatal ot%ug %%CO%%I nases. Wi %?1
now r econbs e t atidjethes eglghnc elsa bf -t gleeuesobsef, “denpast satuerra hat
an evolutipon stra y traversing through internediat eg, gan. ne. used. Lo
achi eve a H%s%ﬁgaiggtfffﬁij1ngngﬁg??)? tﬂ% sﬁgps (h%? I e. ?
conbi ni ng ahik shefidtding efchr econdi hbsesbabear begyersard ¢§) the, pareheal
application of nolecular dire evol utiQn.op.the, comined apd, sice
shuffl ed Ig%ﬁ %ﬁeﬁﬁqqugerg%eé %ﬁﬂﬁ%¥$ﬁ at ﬁgas? oné recéhbinagg S
achi eved t hste i Biqntd Vi .ofiavisgeasypnrenpst tapgetardeqirércdaplfesent pa-
the LTR. of q1:[1 hne sr Odvelrri%l d om F(Q%CI?XMh% t'agg@t r@é c%ero%' 'Eh%h?irst
generation of Tt €€ ‘subSets  of arget sequences was necessary to
gener at e t avigett secpientescad tduminigy tdred,r tswotbesisr eed npeient Fdeusing
devi ations,_the.reconbinase |ihraries ey Iygg%;gn £ JQQP e Bgrégg lete
third subs%?m%ff?ﬁr%eeisequgnceg are conbi ned an gﬁu Peélan B
mol ecul ar dév ecterkteveiowenon i(suappls etbrorexehbseshuf peripiripganpclec—
using the {aigel, seouanaes of the decand syhsels; Thesthumavalyed ney
reconbi nase Iibrari €s are then conbi ned an shu?% ed and nol ecul ar
di rect ed evargeti omedwence (derived from a target sequence of the first
subset) a portion of the nucleotides deviating from the corre-
sponding homologous half-site sequence of the known target se-
quence of step (a) is replaced by the native nucleotides found
in the known target sequence and in the corresponding right
half-site sequence (derived from the same target sequence of
the first subset) the rest of the nucleotides deviating from
the corresponding homologous left half-site is replaced by the
native nucleotides found in the known target seguence (see

Figure 1). The nucleotideés altered in the left half-site are

different from those amended in the right half-site, such that



WO 2008/ 083931PCT/ EP2008/ 000021 35 applied on this library using the
target sequences of the first subset. In the next (and final) step

the asylrmm'h‘ﬁslgﬁgﬂet sequence of step (a) within the b&BrplooddiRoz

provira I's used to evolve the reggonbi nase |ibrary conprising
reconbi nases recogni sing the target sequences of the first subset by
nol ecul ar directed evolution to obtain at | east one reconbi nase that
is active on the asymetric target sequence within the LTR of the
retroviral DNA. In this step the nmethod of nolecul ar directed
evolution is preferably the nethod of substrate-linked protein
evolution. In step (k) the nucleic acid of the | east one reconbi nase
havi ng actthei tpvoatihe asylhmetides taegeinlyeguenert ofne el (20 thwiaifn
the LTR of_.the retroviral QQA i.s.Lsol d o] i h

nucl ei ¢ acslliriei sselqéiglnéfeéd Fromt éh(?esfg%@t i(%% p ataIJs%r%itd S%Ir %i}{ﬁe%hg’f che
| i brary udsiirgtappbepti atetiest i cthontarmefmssduRkbepodonted ext rihe iRHT
endonucl ease dig i r 0 o.skjll . | i i
encodi ng thé fgb%%%igggg ggégtﬁg%éb%érgidgg?Q%ﬁﬁéqkﬁgageﬂg§hgggmgﬁgﬁ
as for exarnpl eagek efecherophgheshslfTheteuces Figerd Any Bertharedhe

(pr efer ably, D, EEMRLALYL 03, D90 - 80Q, fimoy, APt Lpfal Lycibeath pres

t
in step (I an expression vector use 1 n further analysls,i%1
protei n exprassitdde mks hoesaiofed omashdnadnenp§t el i lorl T igesubféeadl For
treating AIDS. Suitab X S] v, rey i3ed 1hekeMb 11
Preferablﬁyxfh§§r5%%nh§%gsgéffi%@#ﬁf;g%%g?ﬁgdgéggitested inmgéﬁ%%f%an
cells to efstirginbatutheytifdgscti on in a mammal i an

As already stated above in steps (b) and (d) the spacer se-
guences within each two synthetic target sequences of a new
subset being derived from a synthetic target sequence of a
higher subset are preferably identical and corresponds to the
sequence of the LTR representing or defined as the spacer se-
guence of the asymmetric target site. However, in a further
embodiment the spacer sequences may comprise one or two se-

quence deviations originating from nucleotide substitutions.

Using this approach, the number of mutations {i.e. differences
to the target site recognised by the wild-type recombinase) in
the target sequences representing each subset is smaller than
in the starting asymmetric target sequence, but all mutations
are still represented in one of the target sequencesl(see Fig-

ure 1).

The term “deviating nucleotide” as used herein refers to a nu-
cleotide within the asymmetric target sequence identified or
defined within the LTR or within a target seqguence of a subset
generated according to the present invention that deviates

{(i.e. is different) from the nucleotide present at the same



cell environment. Further, to obtain good expression in mam
W)2008/ 083931PCT/ EP2008/ 000021 36 malian cells the reconbi nases may

be optim sgg.iQhspxpPression in these cells (e.g. codonﬁg§&9%mwoﬁwn

optim sation using methods well knowngin the art. See exanpl e
SHI MSHEK et al ., 2002) or signal sequences necessary for directing
the protein into the nucleus of the mammalian cell, such as the NLS

sequence (MACARA, 2001) may be added to the nucleic acid of the

tail ored reconbinase. In a preferred enbodi nent of the present

i nvention the known reconbi nase whose target sequence is used in step
(a) and upon which nol ecular directed evolution is applied in steps
(g) and (i@odﬂﬂﬁ@hgﬁntmheheoffwﬁﬁqudhqsepmnéo®¢m$xﬁaﬁnﬁycePpéf@hﬁeﬁnown

reconbi nases hel on to the famly of seripe integ
sel ected f (ﬂ’ﬂq‘t ro Fr)nm&t)‘.ﬁélcsttlarrl:g 5f ﬁ%u%gfel ntfgggaskgi%?goarre%omblnase

al ., 2002)chcaren ommsme@nt(aof o@ rnher nefnod echnbhe agpierergy sityeptigngd In
resol vase (K 98 y Jeher th _
| arge seri éﬂ' -5 eEB%?}ﬁ%segﬁ\ eII’M'Ra %gmatl% %@f& corrponen‘?gd ﬁﬁga

VDJ reconbtitatd“orreyssem mta/za:maalqtaablher eof . In anot her preferred
enbodi nent sai d reconbi nase belongs to the famly of tyrosine
i ntegrases. Preferred reconbi nases belonging to the famly of

tyrosi ne i nt espaagde aife thel getethifiomatheupsetp cdnsésyetngasfuedces is
from Phage

yeast (VO_%I‘:%‘I“(ASRSWBI CI %ﬁ’é’) ln ]Eg romggﬁégéf% Es%%%ggllga%%&%%n

2004), R r Bconbaaaseof r em Zyegmmatr,harmmer oubdhinp| Edem WTHSHL, a ARIV
reconbi nase_fr.om Ki, uvef_lgm{cleé ir os%p? | ari um pl asm d pKD1, a

recombi nas® ¥ om hles RIGVer onyc ii plasmd pKW, Tnpl fromthe

Baci |l us transposon Tn4430, any conponent of the X Int reconbination

system or ¥rafr nt S(%)he)gl?xggher Végb%gggl g§3%§11‘§g/ Ega'g&%eosooaﬁ?el generated
starting from the target sequences of the second subset by
stepwise repeating the process of step (e}, i.e. splitting up
the target sequences into the respective half-site sequences
and generating new palindromic' structures on the basis of
these half-site sequences after altering the sequence of the
half-site derived from a target sequence of the second subset,
each time generating a new subset of target sequences, until
the half-site sequences used for generating the inverted re-
peats contain one, two or three nucleotides deviating from the
corresponding homologous half-site sequence of the known tar-

get site.

The present inventors realised that recombinases can be tai-
lored using molecular directed evolution using target se-
guences as a substrate, if the target sequence used as a sub-
strate differs in not more than 3 nucleotides from the native
target sequence. Thus, the generation of subsets of different
orders described above serves to reduce the number of deviat-

ing nucleotides per target seguence to 3 or less (see Figure



37 Reconbi nases fromthe tyrosine integrase fam |y are characterised
by having a tyrosine as the active site nucleophile that is utilised

for DNA chggyadfssoyyher eas reconbi nases fromthe serinepi-plEeddRoz:
famly use a serine instead of a tyrqgine. The termvariant in this

context refers to proteins which are derived fromthe above proteins
by del etion, substitution and/or addition of am no acids and which
retain sone or all of the function inherent in the protein from which
they are derived. In a preferred enbodi nent, the known reconbi nase is
a chinmeric reconbi nase obtained by for exanple "famly shuffling" as
described by CRAMERI et al. (1998). Prerequisite for the enpl oynent
of fam |y shuffid ngedpsiiaesirgaudtioantoharsd ogynbeet weemievhat ing nucleo-

reconbi nases, used fqr, generating the chineri onbi

exanpl e fd?l%?%:ﬁg itd #%géﬁ%iﬁaggmﬁ 5t°ggﬁh§3£§§e§Pi%g?ﬁgtpgg ent oo
i nvention ¢ aifthim@nt ordecenbiinaselecornss sty nguobesequendesiafing nu-
reconbi nase Cre and of ,reconbi pase .Dre, .res iLve I r
preferred gdidrEnt o Fh ?eggﬁ% nase g slfhég%gég¥eg%ﬁ%iﬁ%§egg fsed as
recogni si ng aulsytiete | foit angliciare difre8telip ckndwhias. | GhPle Theed oy

site (and al so,other recopbinatio it of _w l.d- r i pas .
is pali ndr%?ﬁ cd’vﬁté]eﬁep&osﬁ S%tps raenﬁgé:t%éar‘s%é ar a %%1%‘9{/*?{1% “g‘?‘gﬁ? BRog):
i nner nost dEisey paidisotdbdiceh topr edéfieréheesotcathedtspaeer siwhi cacog-
inmparts directiqnaljty to the site. Reconbination take

cl eavage vﬁ”tshefdan:‘ﬁeﬂ%%a"‘(’:lglré §gaﬁeﬁgg?ﬁﬁ)lerbaesnediange osr‘?rte%lé igggtéggevaeml
| ocati on atdh@st ertq@knoas ofhdtheld wotpaohpei patnane |tdhe Si tdsthepe de-

cat al yses integratiqn,, excision gr..rearra t
ABRENSKI | ‘?39\%’5‘)“.9 O S0a 683555 BeT B IG0a150005 T 38 %’r an%ae% v he®
asymmet ri cfimagetrdeguence widehd | $Tedl | restegenta)lils deydalkisednialec-

both the 5 :LTR and the 3'-LTR of the pro-virus to allow excision of
t he provir%fé%iw? Fb%%?ﬂrejb'

e genonme of the host cell.

Starting from the second subset of target seguences obtained
in step (e) a third subset is generated, followed by a fourth,
fifth, sixth etc. subset if necessary. However, the generation
of the third subset is generally only necessary, if the target
sequences of the second subset still contain more than three
deviating nuclectides. The same applies to the generation of
the next subsets, which are only necessary, if the target se-
quences of the prior subset still contain more than three de-
viating nucleotides. It should be noted that in one embodiment
subsets of target sequences will be generated until the target
sequences of the final subset only comprise one deviating nu-
cleotide. Accordingly, depending on the number of deviating
nucleotides in each half-site sequence the number of subsets
generated for each half-site sequence of the asymmetric target
site may differ. It may for example be necessary to generate
only two subsets for the left half-site sequence, whereas
three or four subsets must be generated for the right half-

site in order spread the deviating nucleotides between several



The present inventors identified a sequence within the LTR sequence
of proviral H 'V DNA having 50 % honol ogy to the | oxP site. This

sequence I, 0 as |oxLTR (SEQ ID NO 1) and belo TR
of the pri%?@gwll strain TZB0003 (;BLACKARD et al ., ?@&;"%’%’P@&h

part of its nodulatory U3 region (sequence position -262 to -229;
where the site of transcription initiationis +1). The /oxltr site is
a 34 bp asymmetric sequence that has 50% sequence simlarity to the
sequence of the loxP site with four m smatches in the left el enent,
six in the right element and a conpletely different spacer (see
Figure 2A). Using substrate linked directed evolution and the /oxLTR
se- guencesaged Suhstnate, shbe pnesent siingdat arsghaveedesweablesg oot

produce a tail qQred reconbi nase .that reconbines thi s.yirmetriC
r econbi nas®"Ras S§ehet at nt?isatofr gg%ﬁ%i ee‘%laétﬁngs?ﬁ%é?%lc Farget site.
Contrary to the reconbi nases known in the art, the reconbi nase of the

ey e snen e8P it PP LS4 LS BPITTEL b e
The devel opiseriesoffdrai tatedingecianbdi hasiesr t hat depéstingahtyldedrigstss to
asymmetri ¢ %ﬁg‘éﬁ.”%gfow Lid an B YL EIR Q0¥ ghlg pxcision of the
respect i vé'Pis-
In step (g) a method of molecular directed evelution 1is ap-
plied on the recombinase recognising the known homologous tar-
get site of step (a) using the target sequences of the final
subset obtained in step (f) contalning one, twe or three nu-
cleotides deviating from the corresponding homologous half-
site sequence of said known homologous target site as a sub-

strate.

The term “final subset” as used herein refers to the last sub—
set generated in step (f). Depending on the number of deviat-
ing nucleotides in the asymmetric target site and number of
subsets that had to be generated to reduce the number of devi-
ating nucleotide per target sequence below 3, the “final sub-
set” may correspond to any subset, for example the second,
third, fourth or a later subset, and may be different for the
half-site sequences of the asymmetric target sequence within

the LTR.

Methods of molecular directed evolution, also referred to as
laboratory evolution or in vitro-evolution, are known in the
art (for a review see Yuan et al., 2005 and references therein;

JOHANNES & ZHno, 2006) .



WO 2008/ 083931PCT/ EP2008/ 000021 39 virus fromits chronosonal
integration site as was shown by the inventors. However, it is

obvi ous f%otz%e%ﬁon skilled in the art that other tgblrﬂﬁ’%ﬂs@dﬂbﬁ

speci fic reconpinases can be generated that recombine di'ver

target sites found in the genone of retroviral provirus |nserted into
t he genone of the host cell. Candi date sequences can for exanple be
determ ned on the basis of honology to the present /oxLTR sequence.
Exanpl es of such LTR sequences derived fromthe LTR of other HV
strains with honology to the /oxLTR sequence are shown in Figure 2A.
The proviral DNA inserted into the genome of a host cell is

preferabl yid he PNSs©Ofsttepg edf O{VcbIélSulﬂetdlo:\éicltuﬁeﬁvﬁmﬁ’ptdnﬁelﬁbi‘zﬁrl‘lgﬁ anl
di verse fam of envel oped RNA viruses. The hall mark feau]h c;erl) the
fanmily is *Tat@‘/?’F‘éeﬂ MESEFEY EEPAPRYA Shhi HFUCACPTd8ET aSREERNTT Y TP’
the reversgid ransgr iif i€k odrd,hee Vg r aby RNALAt @rddmeatone PCR and DNA
doubl e- strandecilDNA and, t he, subsequent integr t| %%ggf t hi

(proviral DNAIRG (FREIGEDME 6t T he"Abstt ¢ POVPFU§ENA3?Eh°dS
subdi vi deoljiism@s&even gheupstesteftiined1byaeynt uapps)nmay:mel abednéss409.

Fi f th ) | ph - . il - d .
IR vl 5 £ G il T e B gl B N NS

and the otier 41w @:bﬁUBSn abge tde tll’%"lt’da\tlgreusesqmcbeté”le)fsptl}ma‘iill‘luseSub—
The human at hogeni ¢ .hyman T cel |l | eykem a vir Lyp andt e
(HTLV -] e BaRoRg 05 ¢ nGThET t B TR SRR 0L B GRE. SRRPeed
t he Al DS vprauﬁre_&i huinsaa riymvhedefpiptiopntyt &/ | E851 § yaﬁpﬂemdmtyma the re-
(HI'V-1 and H V-2) bel on thelet|V|r Loup for a.rev

the standafdR: ook "E%E%J&&\?I h ofm‘tlf,‘ﬁgl%l rﬁﬁﬁﬂés ?fV\ﬁ/]A

HE (Eds.) d899%.edCold S@rkrrtgvd-lai’ybﬂzmeLﬁbﬂ:Eca't CH’kyLlEEGS$n New axar.k). WO
2008/ 083931PCT/ EP2008/ 000021 40 In a preferred enbodi nent the

proviral DNA inserted into the genonme of a host cell is the DNA of a
retrovirusised esteth fredmehbed piaup Gensicdiecnfaof dMoersedravmany i boneur

VTS (I RSB, Sl ol LU LAWY U T Bl b
Siman T cexlzkbsﬂzmﬂeermakudrtpxofype Iev(o$iﬁltVed1) (SSLREan B'ﬁc:fmepa‘ k e cewrira,
Ui TERSehbd STV ke B BB B oD SR sebore keukerha
strate-linked protein evolution is carried out as described in
detail in the Examples. Briefly, the target sequences ocbtained
in step (f) are cloned into a plasmid (the so-called evolution
vector) together with a randomly mutated coding sequence for
the recombinase. The random mutation is carried out by error-
prone PCR (see BuceHoLz & Stewarr, 2001). The generated plasmid
library is then transfected into E. coli cells to allow ex-
pression of the recombinase. By using an inducible promoter
to drive the expression of the recombinase it is possible to
adjust the expression levels. After overnight incubation,
plasmid DNA is isolated from the cells and is digested with
Ndel to cut the plasmids that were not recombined and only re-
combined plasmids are subsequently amplified with primers. The

PCR product of the recombined form of the plasmid produces a

1.7 Kb band. The PCR product is digested with BsrGl and Xbal



In a further preferred enbodi nent, the retrovirus is a lentivirus
selected fromthe group consisting of Human i nmunodefi ci ency virus
Type 1 (Hiwsddosodddg@n i mmunodeficiency virus Type 2 (Hip¥ygbyg gPdgbﬁn

i mmunodeficrency virus (Sly), Feline ;nmmunodeficiency virus (O Y),
Bovi ne i mmunodeficiency virus (BlIV), Medi-visna virus (MV), Equine
infectious anem a virus (EIAV) and Caprine arthritis encephalitis
virus (CAEV). In a nore preferred enbodi nent the asymmetric target
sequence identified in step (a) of the nethod of the present
invention is localised in both the 5 -LTR and the 3'-LTR of a HV
provirus. Preferably, said asymmetric target sequence localised in
bot h the SndlLTRiedIdbrishie Bl TRhod aikildapnoviigsstms ¢helseguenoes set
forth as SE%IE NO 1. This .,sequence is referred to as /oxltr. In a
pref er r ed EFb&AFNBRET t HE HETHEd “8F ol ecul ar directed evol ution
applied in the nethod of the present invention is the nethod of
substrate-linked protein evol ution i. PE; .BUCHHOLZ ST , .200L;
see al so @2'761’44‘(5’8) thenness %6%%‘%3‘1‘%‘#&5506?%66‘%2&“% f%’e e
met hod of dd@ipeaseiria i pranfied. t Heenusdainelagyd ehcodhinghufdlang is
| east one tailored reconbinase that is active aon the asy | C )
target sedi®W@ Wi tHih the ﬁ‘f—f of fREFETRITa IN%)WELi § gﬁ%ﬁég into
an expressir@meveci @¥4) Expressi on vectors are genetic constructs for
expressing the proteins encoded by the nucleic acids within the
vector. Such expression vectors may be either self-replicating

ext r achr ommsonedmpiecidorandr svetilerds Mivirahyi dtsegriatne dlntneda imgst a new
genonme. Cenerally, these expression vectors include tr cripti

and translgaetrie(fr?eﬁiope | STy TRuSCEPE AT %eérg%if%e‘fi ﬁ%@%r{doeost hogpa{he
nucl ei ¢ acigktemdgiiergstbect ajdr@radedetondtiarasE)of the present
invention. The term"control sequences" refers to DNA sequences
necessary for the expression of an operably |inked codi ng sequence in
a particul®me hostmorgart smighhe cobteo! sequerceshddwdin arsfeggi tb| ehe
for prokaryqtes, for.exanple, _include, a . pr.ono opt}.ana

operator s Lgifee%ce?s%%dtg r n(%gg% 51 n%efrnt%lgi t%gslfu 'arﬂy}o.(;]{]i %L%m s atrjtlae
known to uthilicesphoant @as, groleyadedyloat idre sbgabd s ofarideenbarmsdr sse-
Nucleic acid is " raply Linked" nit.is p 1t f ti

rel ati onshfp W th %ﬁo?ﬁ%r Sﬁﬁ%?%i 8u1‘§%$%. s&e%%ge’nc%?gﬁglrﬂggxgrrr%? e?ﬁi LRDEY
pronot er osuldtanties i“sespertdlghyr| isvkedtt o vd ldodingtkeqaencedi supget.
affects the transcriptiaon.of .t s e; a Ji 0 bi_ndi i,te
i s oper abl §“‘T‘i‘hnei<réd RO p‘%éqggﬁggel"ci?t%“‘?’s‘j p’%%?"t {Eg‘ﬁeégggﬂgs%‘%
facilitatesé¢y arsltatd diirskti skbagti sTecompl fshédebytdi g itdnrgy fourth
conveni ent [ estricbonagites. Liasyeh slles, dmNols B8 o 8aLhEt kcom
ol i gonucl e(S?l de"adaptors or 1inkers are use n accordance with
convent i onghipr fctscesuddret t ianshe | ptyowdirigndangghsiseabengg with the
regul at or yL,ﬂycI elcacid will generally

sequen

In step (i) the method of molecular directed evolution is ap-
plied on the shuffled library obtained in step {(h) using the
target sequence of the next higher subset according to step
(f). In this step the same method of molecular directed evolu-
tion as those applied before in step (g) can be used, but it
is also possible to use a different method of melecular di-

rected evolution in this step of the method of the present in-



W)2008/ 083931PCT/ EP20081000021 42 be appropriate to the host cel
used to express the tailored reconbi nase. Nunerous types of

appropriagﬁog&gbﬁégjon vectors, and suitable regul atory $gauaReRe2A" €
int

known in the art for a variety of host cells. The expression vector
used in the present invention may be a retroviral vector, a

| entiviral vector, a spumavirus vector or an adenoviral vector.
However, in a preferred enbodi nent the expression vector is a

| entiviral vector selected fromthe group consisting of HV-1-, Sly-,
Fly- or ElIAV-derived lentiviral vectors. Lentiviral vectors are for
exanpl e descri bed by SCHANVACH et al. (2006). In preferred

enbodi nentsafiohhe mxaeptnat biiventfiferehhemexpoéssobbnmepdetotacodpresesd

a cellular, hacterial, a , vira r.a hybri onpter. .In,ge l,, for
e’ pur posyUREiRE Br bs iRt Foh SrIE Ist Bor ey fhy he IO
constitutive or an inducible pronoter. Further, the pronoters may be
ei ther a natural occurri ronoter, such. as a. bacteri al

or a viraJPiﬁéﬁﬁ%P V,tﬁ? ge{ﬁh#n?#T%ﬁ%ﬁ&f@??uﬁﬁ%§?%i%ﬁ%ﬁ%&ﬁe?g?gﬁk#%%ais
conbi ne elamentappotedvoe tHERcObENnpd Oamt evhufdledk hdwreries-he art, and
are useful in the present invention. Further, the pronoter used in
the present invention may al so be a derivative of a naturally

oCCUrring mioiep yAelder ryadmivimasefs aepattitally aeturadomdpipiogotey -
as used herein ma

be a copbinatiopn of cis-act.ive el nt, htained.
M2 QRL8L0g
fron1pronn?%ﬁss?ﬁégﬂﬁfﬁeﬂﬁé OBF L ?eﬁ?m%ﬁ?%;ﬁ?noﬁgﬂglternatlver, g
may be obtminigd )y delmitaoioas Mubat ithe afiififieseatt teeget eseatsnegst hoh
a specific natyrally occurri pronoter O .
the £ t to show that
2008/ 08393FCT BFPDOBFOtI02 1 " 1Iventors Were the first to
the combination of mutations from the different libraries of a
lower subset of target sequences result in synergistic effects
and led to the generation of recombinases, which now recombine
target sequences of a higher subset, demonstrating that an

evolution strategy <traversing through intermediates can be

used to achieve a desired activity.

In step (j), the steps (h), i.e. combining and shuffling of
recombinase libraries, and (i), i.e. the application of mo-
lecular directed evolution on the combined and shuffled 1li-
braries, are repeated until at least one recombinase 1is
achieved that is active on the asymmetric target sequence pre-
sent in the LTR of the proviral DNA. For example, in a method
wherein the generation of three subsets of target sequences
was necessary to generate target sequences with only one, two
or three nucleotide deviations, the recombinase libraries
evolved for example for the third subset of target sequences
are combined and shuffled and molecular directed evolution is
applied on this shuffled library using the target sequences of
the second subset. The thus evolved recombinase libraries are

then combined and shuffled and molecular directed evolution is



43 (EDFLMAN et al ., 2000; ALPER et al., 2006; HARTENBACH &
FC) SSENEGGER, 2006). In a nore preferred enbodi nent of the present

i nventi On’wégcﬁ)sﬁ)%%“ tutive pronoter or derivative the'b%?fEP&@S/oooezl
sel ected or derived fromthe group cqggsisting of pronoters o

cytonegal ovi rus, Rous sarcoma virus, mnurine |eukem a virus-rel ated
retroviruses, phosphogl yceroki nase gene, nurine spleen focus-form ng
virus or human el ongation factor 1 alpha. In a further nore preferred
enbodi ment of the present invention, the inducible pronoter or
derivative thereof is selected or derived fromthe group consisting
of the LTR or derivatives thereof derived fromlentiviruses,

spunavi r usgslaed del t anesr Quioceses.udingt hitse caatext tshqueecen "b¥R'the

refers to both the 5° and the 3' long.termpal re ts of provirus __
havi ng prondtsér SPEAEET oh” (FF HFH%eVid géBaPheS%‘?pgﬁ%éar Esﬁ'ex?grl ar

00

"Ret rovi r usas"sg@ehEd No d Mt dJGHBS wShih i VARMUSL HE (Edshe) pi897ra Codih is
Spri ng Har bor Labora@ory ress, hbM/Ybrﬁ)é. Preferag%y th%einggciMé%
pronot er Jt5FeriV &V PVESt HBP ebF PR TESEC &G BFY dEPTRET Fifom FRE L

deri vat i veseddigrieahgdeniev et rigeamddioMehce Hl W2 theV\f 1 dsicAVGubGAEV, bySI mg-~
Fly, BIV, HTLV-1 and HILVY-11._ The present invention further provides
a met hod f%ﬁcﬂﬁﬁépéVFﬁ§t8X£8??5?%H”fé%%ﬁ%ﬁﬁ&§e? a1 Fnoggiéegg %é%se
conpri ses the af or esENEd 08ed thet hegmhet rpt epargey aegexpressitdnn the

% r en in ilor i
eigﬁgss? C£¥§ 9. %hgaregr§§£g5¥xg§g.nase and the further step of

In this step the method of molecular directed evolution is

preferably the method of substrate-linked protein evolution.

In step (k) the nucleic acid of the least one recombinase hav-
ing activity on the asymmetric target sequence of step (a)
within the LTR of the retroviral DNA is isolated from the 1li-
brary. The nucleic acid is isolated from the respective plas-
mid within the library using appropriate restriction enzymes.
Method of restriction endonuclease digestion are known to
skilled person. The nucleic acid encoding the recombinase can
than be recovered by known methods such as for example gel

electrophoresis.

The nucleic acid may be stored (preferably by temperatures be-
low -80°C) or may optionally be cloned in step (l) into an ex-
pression vector for use in further analysis, in protein ex-
pression methods of for the administration to a subject for

treating AIDS. Suitable expression vectors are defined below.

Preferably, the recombinases finally obtained are tested in
mammalian cells to ensure that they function in a mammalian

cell environment. Further, to obtain good expression in mam-



WO 2008/ 083931PCT/ EP2008/ 000021 44 ing the tailored reconbi nase or a
fusi on pol ypeptide conprising the amno acid sequence of said
tailored i e fromthe nucleic acid encoding th i e

i nserted ﬁﬁ@g&$%%§§Xpression vector gptained in the angéﬁ%%E?gﬁe

met hod for preparing an expression vector encoding a tail ored

reconbi nase in a suitable host cell. Expression of the nucleic acid
encodi ng the tailored reconbinase cloned into an expression vector
according to step (1) of the method for preparing en expression
vector encoding a tailored reconbi nase can be carried using for
exanpl e bacterial, insect or mammal i an expressi on systens. However,

ot her expr@ssi-an ceYskebekReWbmbinddes aldy My dtsaibededplkoyedression
Met hods of introduci ng exogenous nucleic acid into mammualian, in ect
or bacterill HRYS, caslhelf-as 6PARE HEEES, OBFémb?%%l%l‘llSJﬂ%mﬂe%ﬁo ®
the art, apdiwikhbw¥ary wid hdthe shestogebiamsied saleelniduead .j neboizle or
dextran-nedi ated transfection, cal ci um phosphate Eecigitation h
pol ybr ene Hedicdt S@ILPAREF cRBFOH2 T GtV Bt FIEP oh e ePERET Bhot BET or*®
viral infeaidiehs 8RCERS Whatdanaaf ckhe, palamuel eaki BB S9eduenkciepouanes,,
and direct_mcroinjection of the DNA into nuclei. Fusion, rotgins are
prepared B3PYet HSds PRelrddrAokh FRet ABC TS %%VjéﬁhﬁgﬁéFaEESre recom
expressi o MeGlor the nucleic acid encoding the tail ored reconbi nase
is cloned into al ready conprises a nucl ei c sequence encodi ng a second
pol ypeptide or protein. By cloning the nucleic acid encoding the
tailored recogbppaseridy femimiiniehh e wequereenefl inkenseeontdhe known
pol ypeptide or protein, both sequences will be expr es ed qs fusi,on n
protein. NIRCHOSRSECIPeSTskRFTTr SHAFRSSI v LRE (4] 19F8d Pec BB HRSY
fromthe expr@ssicuRcuestoni e efwnakliynhost apelies iimclsitdbrg (g) and

prokaryotic, cells, such as for exanple bacterial cells or ast _
el 1o, or GKaSEE il 10 SR d Of 0P oY Al 6 THGUEE ‘o drFEchred e

manmel i an egldisHasthe nNeseihgi neentiontiny Ihess psevides iataethoss f are

preparing a transforned adult stemcell,.wherein saj.d nethod
conpri ses f?&?%ﬁ?ﬂeﬁﬁﬂﬁiﬁ%ﬁe@rﬁgPh88“Fthb?%p%.iéblégl fg%%grase (CoMBES

g an expressi on
vector encedi ag. 2 1@2)Qr ethyr ecapbhaaseoandit her f Bid hescatepasfion sys-

i ntroduci ng the expression vecfor obtained in t orenenti
ot hod 1 or CRPEpdr nGoER BB c0r I b oL Br BRR A ig a TAI 1o} STeT men-

reconbi nasBet No¥i tii®d 1dge assUinkakleeoadithssst erRal,l Rabl@ arf anyhekher
aspect the present invenpti is directed to the nucleic.acid
obt ai nabl e TQﬁHQH¥e°gfBBEniﬁhi?ﬁﬁﬁﬁbﬁg?ﬁﬁanoﬁy{ﬁﬁg ﬁfeggﬁ%gﬁﬁﬁugiéfgﬁf'

in another preferred embodiment said recombinase belongs to
the family of tyrosine integrases. Preferred recombinases be-
longing to the family of tyrosine integrases are selected from
the group consisting of Cre from Phage Pl (ABREMSKI et al.,
1983, 1984), FLP reccmbinase from yeast (VOLKERT & BroacH, 1986),
Dre from phage D6 (SmUER & McDERMOTT, 2004), R recombinase from
Zygosaccharomyces rouxii plasmid pSR1l, A recombinase from Klu-
veromyces drosophilarium plasmid pKDl, a recombinase from the

Kluveromyces waltii plasmid pKWl, Tnpl from the Bacillus
transposon Tn4430, any component of the A Int recombination

system or variants thereof.



A "nucl eic acid" as used herein is a polyneric conpound conprised of
covalently |inked subunits called nucleotides. Nucleic acid includes

pol yri bonuyghelc ek (RNA) and pol ydeoxyri bonucl eic %&k%ﬁ&gwéﬁmmgﬁth

of which may be singl e-stranded or dgHbIe-stranded. ncrudes
cDNA, genomi c DNA, synthetic DNA, and sem -synthetic DNA. In its

br oadest aspect the nucleic acid obtained by the nethod of the
present invention is a nucleic acid encoding a tailored reconbi nase,
wherein the tailored reconbi nase reconbi nes asymetric target
sequences wWithin the DNA of a provirus inserted into the genone of a
host cell leading to excision of the pro-virus fromthe genone of the
host cel | rathebehaséher aayntret riyeosW20081 833031 FEMiER2608/ 608024t 46

target sites are different fromthe target sites of the wld-fype
reconbina§€?dlﬁyé%agﬁﬁgdﬁnéﬁfo?h%enﬁ%l% c %ﬁ%ﬁyeoﬁﬁgﬁngac §°§%i?%;ﬁ fd
of the presenitinvenrt i b hesat beeausd®el cwinetch sS egprammge rseke st Ofdom ashe
SEQ I D NO 2_and.rec09nis§%_aﬁd reconmbi nes the Lox#tr sequence set
forth as SEOWS RBFEI23E SHel HaRd WiTHPR tRESTRT i & SNTsF P he
nucleic acid are variants of the nucleic acid sequence obtai ned by
the nethod_ _of the present inveption that have at |east 50 % ..
siniIarit;EhﬁNQﬁﬁﬂw%§§l§P%Iéﬁsgﬂéﬁ GRRTTHT AEYS F8r ETOFEFRT G are
| east 70 %esiiRieldar Etym enen absee prpebeeied aty | dasétB86h % subskatution
and nost preferred at.least 90 %simJlarity to.the nucleic acid
sequence saéicpf%& ta%dé%l%%(f% FNGC 2°R 28de RhBbdistent's SPRg oF all of
simlaritycid | furheias hHinglerast9in 2Be 830tO%n HbHom OGHi&Y, IS8 carOAK&h
In a further aspect the present invention is also directed to the
expressi o V&¢t'or as obtai nable fromthe aforementioned nethod of the
present invention.

In a preferred embodiment, the known recombinase is a chimeric
recombinase obtained by for example “family shuffling” as de-
scribed by CraMeri et al. {(1998). Prerequisite for the employ-
ment of family shuffling is a significant homology between the
recombinases used for generating the chimeric recombinases. An
example for a chimeric recombinase that can be used in the
present invention is a chimeric recombinase consisting of se-
quences of recombinase Cre and of recombinase Dre, respec-

tively.

In a more preferred embodiment the recombinase is the Cre re-
combinase recognising a symmetric target site of 34 bp known
as loxP. The loxP site (and also other recombination sites of
wild-type recombinases) is palindromic with two 13 bp repeats
separated by the eight innermost base pairs, which represent
the so-called spacer, which imparts directionality to the
site, Recombination takes place by cleavage within the spacer
sequence. Depending on the relative location and orientation
of the two participating loxP sites, Cre catalyses DNA inte-

gration, excision or rearrangement (HOEss & ABREMSKI, 1985).



A further aspect of the invention is the tailored reconbi nase protein
as obt ai nabl e fromthe aforenenti oned nethod of the present

i nvention protein" as used herein includes
pol ypepti A‘és an%gpeptr des. As will hg appreciated by ?EE}SEEMB%OOPFI

art, the nuclerc acid sequences of the invention can be used to
generate protei n sequences. WD 2008/ 083931PCT/ EP2008/ 000021 47 1In a
preferred enbodi nent the tail ored reconbi nase protein has the am no
acid sequence set forth as SEQ ID NO 3. This reconbi nase was terned
Tre for LTR reconbinase. _ Also included within the enbodi nent of

tail ored reconbi nase proteins are amno acid variants of the am no
aci d sequence set forth as SEQ ID NGO 3. Preferably, the variants

will have a ue imlarit | east 70 % nD pref rably
sequence §|ﬁ%?g? Pty 5 a?sV85§¥ gﬁ% IH | TS Cand ot 5l er ably
a sequence(a$| il aptdyiodd ain [reast t90 9 +oTR %@e@eem:etxsetof ortieh ra-
SEQID NG 3. In so enbodrnents th simlari.t s h| S
91, 92, 93’”% Bgaal bRy YL GE,PEoGhE, PRRY PG Dbl SR oefs T e
SInllarltmhbnhbthc@Dmtext means sequence honol ogy or |dent|ty, Wit h
identity being preferred. This simlarity will be determ ned using

St andard techni ques known in the art as are outlined above for the
nucl ei ¢ agihd heepkagi svedtibms fidehheripd ef esepdnerbedimbnt thdelTR se-~

tail ored reconbi nase prate y sqQ be repared as .a fusio
loxP
pol ypept i F&#*GEi A 6WﬁFGEe§q&eﬁ$hkﬁﬁhﬁng t'he” att" loﬁya%preEEﬁred{
enbodi nentsitke trahborseduéeeenbéﬂes&qarm €h taxnmmktentzet arna Ns‘leccind and
pon-peptEEﬁ Pr ef er ny ﬁ%: %éron egﬁ}ﬂesrs obt
af or ement i &S‘grchefﬂo SeRt - ion, SWASFR| n e tar ore
reconbi nas&: ug.Lrm@ed)tbeﬁm@Q@nﬂﬁ<pbhypepbddEatory U3 region (sequence
position -262 to -229; where the site of transcription initia-
tion is +1). The loxltr site is a 34 bp asymmetric sequence
that has 50% sequence similarity to the sequence of the loxP
site with four mismatches in the left element, six in the
right element and a completely different spacer (see Figure

23) .

Using substrate linked directed evolution and the IoxLTR se-
quence as a substrate, the present inventors have been able to
produce a tailored recombinase that recombines this asymmetric
DNA target sequence present in an HIV-1 long terminal repeat.
This is the first time that a single Cre related site specific
recombinase was g¢generated that recombines an asymmetric target
site. Contrary to the recombinases known in the art, the re-
combinase of the present invention recognises target sites
that were asymmetric and very remote from the original target
site of native Cre recombinase. The development of tailored
recombinases that specifically targets asymmetric sequences

within an BIV-1l LTR zllows the excision of the respective pro-



Preferably, the tail ored reconbi nase protein is prepared as a fusion
pol ypeptide to increase expression. In a further preferred enbodi nent

the tail Orv?@zﬁo?[ﬁmi nase protein is made as a fusion pgk;f@g%kﬂﬁljﬁo
uc y Y,

allowintro ironof the polypeptidg into living cells. plI ca
purified proteins cannot enter WD 2 88/083931PCT/EP20081000021 48
into cells, because they are not able to pass the cell nenbrane due
to their size. However, fusion of specific peptides sequences to
proteins can result in the uptake of these fusion proteins into
cells. Inthe cell the protein can then performits function. Site
speci fic reconbi nases, including Ore reconbi nase, have been

successf ukdiyudel ireer ed si dromelsbeai timcebiest appr sacd 6PEWEZ ethoah. by
2002) . Cel |l - permeant reconbi nase have further been described by
NoLEEN etﬁﬁe.lFﬁﬁﬁgf“%nd LIN et al. (2004). Hence, this strategy may
be used to deliver the tailored reconbinases into cells to renove the

provirus frominfected cells. Thus, the second po ptide in
f usi on poIW@b’feirdelhaiﬁc‘a%}cf%se Osi GRaP st 3%1!#%2 %?gﬁ%ef %%%stlh&é:
may be a prdleei ntdrlansducéion dpaaifisuckcasbihesdAT cpepticdegeneated

peptide frogmthe third helix of the Antennapedi a hopeodonai n Rossd
bt al 16 Tosshbiferatudnt "Sag S ORE" Syl Ry it ot
2005) or tihe rNeSrabustetis-isodalsesationnseqriencendrer odeltheehony ¢did .

fusion pol ypeptide into the nucleus of an,eukaryaqtic.cell .
2001y A 1T RETeAER HE oy BEe AT VBN O N T PP RA T T
adul t st emfeldndADggbttal nalkl e dusemtt Hesaffar ergnencaedErsttied for such
preparing transforned ,adult.stemcell th sent...di,n jon. .The
sten1ce||§%j é“%?%?@?ibpﬁr?ﬁ?%c%ﬁﬁpOEL?rg%%f8gtgégﬁfthl%héggé%gg§gﬁgh
vect or accormdilrgyt oot ties | Tos@MRi saquémca preefsbpradienbiodineedd .t he
adult stemcell is a stemcell fromthe hematopoietic |ineage
expressing the tailored reconbi nase, the aforenentioned fusion

pol ypept i deheorpconprilsiDyg timseatederanbi ched gexprnessifors Verttorcell is

preferably the DNA of a retrovirus. Retroviruses comprise a
large and diverse family of enveloped RNA viruses. The hall-
mark feature of the family is its replicative strategy which
includes as essential steps the reverse transcription of the
viral RNA into linear double-stranded DNA and the subsequent
integration of this DNA (proviral DNA) into the genome of the
host cell. Retroviruses are subdivided into seven groups, de-
fined by evolutionary relatedness. Five of these groups (al-
pha-, beta-, delta-, epsilon-, and gamma-retrovirus) represent
retroviruses with oncogenic potential, and the other two
groups are the lentiviruses and the spumaviruses. The human
pathogenic human T cell leukemia viruses type I and type II
(BTLV-I and HTLV-II) belong to the delta-retrovirus group,
while the AIDS viruses human immunodeficiency virus type 1 and
type 2 (HIV-1 and HIV-2) belong to the lentivirus group (for a
review see the standard textbock “Retroviruses” of Corrin JM,
HucHEs SH, Varmus HE (Eds.) 1997, Cold Spring Harboxr Laboratory

Press, New York).



WO 2008/ 083931PCT/ E1P2008/ 000021 49 Hemat opoi etic stem cells (HSC)
are bone marrow derived CD34+ cells, which can be purified from

G CSF- nobiy,d i pheral bl ood of donors (e.g. HI V-i %‘B[ﬁ)q
patients) ‘t?ﬁ@glgﬁgfﬁe | eukapheresis (ggHuut & EDER, 200%?.? es;f?{quon

vitro genetically nodified cells will then be reinfused into the
patients. In the state of the art, the term"stemcells" designates
cells which (a) have the capability of self-renewal and (b) the
capability to format |east one and often a nunber of specialised
cell types due to their asynmmetrical division capability (DoNovAN &
GEARHART, 2001). Adult stemcells can be isolated fromdifferent
tissues of adult, i.e. fromdifferentiated individuals. Such stem
cells are referred_to in the state the art_as_-qultipatent. adul
crem cel | S AHRTCLUHA TGO REP Enlee bBTREEN BBl S ok L | B b
stem cel | sgaantheadidl & Aubti patlents sthempsal b &i estravitrhve seiberedffrom

differentigted tissues,,which can be obtained fromthe res Ve ., _
cells. In é}%lﬁﬁﬂﬁgrcﬁPﬁf%??%ﬁi%ﬁ%&ﬁ SRe T PREY pFEsaHt ﬁlﬁ38ngﬁgﬁﬁ}g Ma
directed t£orCDEE prduratignice] | wifud oabMsBl, | SHurein HF Veehl etéekenpat i eintiss
In a further step, of met hod t he present. i nventi th _
expressioH%V¥%t§r(g%ﬁ%gﬁSi I?ﬂbqiu%?ggci%%$e E%qﬂ%ﬂﬁ%qgﬁﬁ% |%g(%FLV
tail ored reponbinase, T heelecbabiardise proteiTypd he GO pr ot @iknorT
the adult stem cel |l abtai.ned t he _ne 3 t he present. inventj
are prepar®t sﬁﬁﬁﬁﬁgﬁnﬁggﬁﬁic Pecgﬁboél Sﬁ%gﬁbr Pﬁgnge 33¥%%}Fo%i$%%

viral |oad(aov)g SRddjieet lenkesi£dvbyua (B4OViangs . MolWhey murine leuke-
2008/ 08393%PCT/'EP209%1919\9)021 50

la virus

In a further preferred embodiment, the retrovirus is a lenti-
virus selected from the group consisting of Human immunodefi-
ciency virus Type 1 (HIV-1), Human immunodeficiency wvirus Type
2 (HIV-2), Simian immunodeficiency virus (SIV}, Feline immuno-
deficiency virus (FIV), Bovine immunodeficiency virus (BIV),
Maedi-visna virus (MVV), Equine infectious anemia wvirus (EIAV)

and Caprine arthritis encephalitis wvirus (CAEV).

In a more preferred embodiment the asymmetric target sequence
identified in step {(a) of the method of the present invention
is localised in both the 5’-LTR and the 3’-LTR of a HIV provi-
rus. Preferably, said asymmetric target sequence localised in
both the 5’-LPR and the 3’-LTR of a HIV provirus has the se-
quence set forth as SEQ ID NO: 1. This sequence is referred to

as loxltr.

In a preferred embodiment the method of molecular directed
evolution applied in the method of the present invention is
the method of substrate-linked protein evelution (SLiPE;

BUCHHOLZ & STEWART, 2001; see alsoc WO 02/44408).



A further subject of the invention is the pharnmaceutical conposition
obt ai ned by the aforenentioned nmethod. The pharnaceutical conposition
i's preferqpb)émg}'og@ t in the formof a solution suitabl.g fQ5s000021
intravenous application (infusion). The pharnaceutical preparation
may further conprise one or nore pharnaceutically acceptable
carrier(s), excipient(s) and/or adjuvant(s). Carriers, excipients and
adj uvants suitable for use in a pharmaceutical conposition are known
in the art. The pharnaceutical conposition of the present invention
reduces the virus load in a subject infected by a retrovirus bel ow

5. 000 genone equivalents/m plasm, preferably bel ow 500 genone

equi valents/m plasnma and nore preferably bel ow 50 genone

equi val ents/ . pl as when_adm ni stered _to, the subject. .Thus, .t _
phar rraceuﬁ‘béclhec&?ﬁggfjt Pgntlb‘? PHE By eslgﬁ’FnFJn?fénsrl‘eonnuccolr?ﬁrci §Fhg gﬁwd
expressi oninectid gncodasy antaichol eded econbimasese( drhatthel ¢ aadtoingd on
reconbi nase as a protein_or fusion poly- tide.or stem_cel | .
conpri si ng-thée® $dFofPett of‘?q‘fegncg “p% e e TB7 RS ThE grrrgv

capa eddci ng the vIrus

load in a sUbjmA idnferdes Wiite aat ebrpnd ssisnbwesrtadi. c&kpngsshen vec-

genetic reservoir of retroviruses V\‘I:IhSt h{._/n hosts cells, kEeherg(g)%/ ins.  en-
e i '

prevent i ngt 3t tAEF PPPRELS cFRRSHfY T uSFPIRHE Y6 nf i PUR T 0hd" “as
used her eidoderf ey die theldi¥ RNAdequivaientise (Veetomenbmes)exprassace

associated with 1 m of th atient's plasma (DYsul | .2

e e yetats gdy P geruPh relt pelaiRihd PiitacnEinSlanelt Weters

DNA i n S Sé&nvedﬂBrBOQBi&83ﬂﬂﬁ£§fﬂtEP2ﬂ&Bhﬂ@Qﬂﬂﬂ.dﬁhombe G@Weﬂaﬂi@:ftbﬁﬁe

;2§a52t332%$%ﬁ%géaggtl&%cé%@%reiﬁ%f%&%hr%gagggflpkxgggl(ﬁaﬂﬁlr@éaAé%%%ional
regulatory nucleic acid operably linked to the nucleic acid en-

coding the tailored recombinase of the present invention.

The term "control sequences"” refers to DNA sequences necessary
for the expression of an operably linked coding sequence in a
particular host organism. The control sequences that are suit-
able for prokaryotes, for example, include a promoter, optionally
an operator seguence, and a ribosome binding site. Eukaryotic
cells are known to utilise promoters, peclyadenylation signals,

and enhancers.

Nucleic acid is "operably linked" when it is placed into a func-
tional relationship with another nucleic acid seguence. For exam-
ple, a promoter or enhancer is'operably linked to a coding se-
quence if it affects the transcription of the sequence; or a ri-
bosome binding site is operably linked to a coding sequence if it
is positiocned so as to facilitate translation. Linking is accom-
plished by ligation at convenient restriction sites. If such
sites do not exist, synthetic oligonucleotide adaptors or linkers
are used in accordance with conventional practice. The transcrip-

tional and translational regulatory nucleic acid will generally



1) HI'V RNA reverse transcription-polynerase chain reaction (RT-PCR):
AnplicorTM H V-1 Mnitor Test; Roche D agnostics 2) Branched chain

DNA ( bDNA)yo YeikRgdssIM H V RNA Assay; Bayer Di agnostics;
Nucl eic acid sequenlce- based anplificati on (NASBA): Nuclpiczietﬁ%@%l 00sa%aly;

bi oMerieux. In a preferred enbodi nent the pharnmaceutical conposition
of the present invention is capable of reducing the virus load in a
subject infected by a retrovirus bel ow 5. 000 genone equi val ents/ nl

pl asma, preferably bel ow 500 genone equival ents/ ml plasma and nore
preferably bel ow 50 genonme equivalents/m plasma. Patient with a
virus | oad of bel ow 5000 genone equi val ents/ nl plasma are consi dered
to be rel &ei wppyomelateadpusbhedchdss tckedlneseditralexprest idet taldaesdrye-

th | i t ALDS th i 1 [ d
ow ¢ he CAEEELTbn YoREpUay e v, AePFOLG i@l fbr ol VeebRS and

bel ow t he & M e viru assays,

current |y svékeblaboiuls8ogenoeeagas vatentrstm ipl Bsdreart forhipsvariety
context, t invqﬂﬁggs were the first to show that a tail ored

: ol host . . . .
reconbi nase ¢ah be uSeéd to excise the full-size pro-viral DNA from

t he genone of a mammalian host cell w thout negatively affecting cell

viability (see Figur ) L AL L er a of...l t 1.1 '
tailored r@gor%ﬁpﬁggé?gl?:cgre %\% F%&?h%tq?re{éese fé%@gnﬁf&% f)§1 \Matyhb% 2
retroviralredMavarahi net¢ter hostlentgenost wedtgR) avisoumaparu$cyector or

budding 1r.9m | if.ected) \0.2008/ §8I931PCTLEP20084000021 52 Selhshanerie

an
not | onger det€ctabr e, show ng e viral ‘reservoir 1n resting
cel | s was «lgsteseyed. vector is a lentiviral vector selected from the

group consisting of HIV-1-, SIV-, FIV- or EIAV-derived lenti-
viral vectors. Lentiviral vectors are for example described by

ScuamBacH et al. (2006).

In preferred embodiments of the present invention the expres-
sion vector comprises a cellular, bacterial, a viral or a hy-

brid promoter.

In general, for the purpose of the present invention, the pro-
moter may be a constitutive or an inducible promoter. Further,
the promoters may be either a naturally occurring promoter,
such as a bacterial, cellular or a viral promoter, or a hybrid
promoter. Hybrid promoters, which combine elements of more
than one promoter, are known in the art, and are useful in the
present invention. Further, the promoter used in the present
invention may also be a derivative of a naturally occurring
promoter. A “derivative” of a naturally occurring promoter as
used herein may be a combination of cis-active elements ob-
tained from promoters or sequences of different origin or, al-
ternatively, may be obtained by deletion or mutation of cis-

active elements within a specific naturally occurring promoter



The pharnmaceutical conposition preferably reduces the viral |oad of
retroviruses selected fromthe group consisting of the Mouse manmary

t unour vi %2&%}{}1, Mason Pfizer nonkey virus (MPW), PE@&@@%&@*I
yp |

| eukem a virus e | (HTLV-1), Human,T cell |eukem a virus Type
(HTLV-11), Siman T cell |eukema virus Type |I (STLV-1), Siman T
cell leukema virus Type Il (STLV-11), Bovine |eukem a virus (BLV),

Feline | eukem a virus (FeLV) and Mol oney nurine | eukem a virus
(MoM.V). In yet a further preferred enbodi nent retrovirus to be
treated with the pharnmaceutical of the present inventionis a
lentivirUS. Said lentivirus is preferably selected fromthe group
consi st i ngeedmbiunean 4nmurkédet | Biercyt val us Z00fe HARTEFRACE) & FIRIBYEGGER,
i mrunodef i %hgpcy virus Type 2 (HIV-2), Siman inmunodeficiency virus
(SIv), Feli i mmunodefi ci ency virus (FIV), Bovine i munodeficiency
virus (BIV), Muedi-visna virus (MN, Equine infectious anem a virus

(EIAV) and Caprine arthritis encephalitis_virus C ver, ik,

i s obvi ougntd?t t%oerepéjrrseg?rgﬁlal Ieg"golgﬁm?rhte %Ft!:ﬁ%hgg %Ee p%&%ﬁl% r the
i nvent i on coasal sot applpmabltert oxrr dervatriate ithfegebifons bylettrt or de-
retroviruses than those nentioned ahave. FEurther e_subj .
i nfected By &% fP%vigﬁﬁsgfﬁléppﬁ%?%scéﬁt%i (?'zflJ pcr%%rrlﬁ’(%g%gi 82 ilaggg&legalo” '
admi ni st ered, t ®cus sekechedvirem tiner igreoupuwendiestiimgsofe haurmhsretro-

primat es, nonkeys, cattle, horses. goats heep_an o] i G C _
However , tvﬁéufﬁgf ec?gf’gprbdr’%? Creé“fﬁﬁ(;i/ngsﬁungﬁﬁ Y n‘é‘.@rg\‘% "Eptddn s
2008/ 0839FbRETAEPR20OS G002hab3elongaproef ércedr ehboldiment t he
pharmaceutical conposition is for concomtant administration with

ot her active agents of the highly active antiretroviral therapy
(HAART) . Te ahi fittheactnore gntefleetedvembbdiherapyt HAMRTPEgsent inven-

combi nat i qn tNeLaRy ; LALaat] N, SR LL! Bl GEVRIAS I ARREELR! 85Ceatected
pr ot ease gcﬁgnfuglggnl?%ﬂ?gg%]ggf %A O 1§ 7, {ﬁiﬁAﬁr et a})., %063%.
or derived from the group consisting of the LTR or derivatives
thereof derived from lentiviruses, spumaviruses and deltaret-

roviruses.

In this context the term “LTR” refers to both the 5’ and the
3’ long terminal repeats of provirus having promoter function
{(for a review see the standard textbook “Retroviruses” (COFFIN
JM, HueHEs SH, Varwmus HE (Eds.) 1997, Cold Spring Harbor Labora-

tory Press, New York)).

Preferably the inducible promoter or derivative thereof is se-
lected or derived from the LTR or derivatives thereof derived
from HIV-1, HIV-2, MVV, EIAV, CAEV, SIV, FIV, BIV, HTLV-I and
HTLV-IT.

The present invention further provides a method for preparing
a tailored recombinase, wherein said method comprises the
aforementioned method for preparing an expressicn vector en-

coding a tailored recombinase and the further step of express-



I n anot her preferred enbodi nent the pharmaceutical conposition is for
adm ni strati on concom tant or subsequent to gl obal immune activation
t herapy or j-kdeS, activation of provirus gene express|

prem se ofw?%%ﬁﬁ}r?gjgglcti vation therapy js based on the hégg{iﬁ%@?@o{)ﬂat
deli berate activation of latently H \7—i nfected cells may accel erate
eradi cation of persistent viral reservoirs. Eradication wuld occur
via i nmune cl earance by programred death of those cells actively
expressing H V-1 (proapoptotic) products (Kui kosxy & BRAY, 2006).

d obal imune activation (activation of immune cells, including
resting cells) is usually achieved by, for exanple, adm nistration of
i Munot oxiimgy, tWhet deiilesefergeombi@se grr B chidicactdolarenyiant & ool ies
(e.g. CKT3). A of, the h i, 10 activat.i t
o del i ber el el s otarr aibar oh T O Al B REE A
unf or t unatidley faileitco peirdraermdiyngel ihd nateort Miakeanidaantald rigounhe
(for revie . KUL & 06; I\@:%:E ; EHLHL A

et al., 2 r%ggéggo%%gxf acci%%téég% lenga %g%eﬁ%oﬁq\?gfg iléon o\ For
appar ent | yraipseingdasesxyiesdianepleictari encegithd rerigades edWpecombinase

2008/ 083931 PCT/_EE 00 t he nunber of potential H V-1 target
1PCTLEE2008. 000021, .59

cell s beyond eve can be contai ned by HAART (FRASER et al .,
2000) further specific treatnments are necessary to treat H V. One

appr oach ig 1he aghi At |00 Qfc {:aN3CLLPLLARa Ay AMEr; S0, U eSEERSin-
viral genones. §pe0| Ic activation of |atent p?ow rus gene expression
may be achissveddmpdadmitni str akpossoifort heeqiiear lbokosdiey Ppostemt [ orf
t he human I Qkij | L 7, Lch; bot Q. T Lya t V-1
in the absée;r%l{ecglllg(;gtjll %ge:floél 5"?’%?% l??e%?‘? gn (Sﬁk%&ﬁ%%%bgo%g)cwwﬁe%\%ﬁ
the sel ectioned rrmesobipesenadn aeei variiod ofsidov-fbneyragipde becterial,
achi eved by, hi st %’i‘e%ﬁgﬁﬁi#ﬁs& Jé%%}f 'sPQ’annéPH?o«?éé“e'},a%thEQrex res-
exanpl e, val proic acid, that eventually induces outgrowth of HI\}-jl
from rest igiprcalvissena hsencien dgthecalritulmay agsd vier | %P (OVRRCEME B 099 0Bt

LEHRVAN et; al,5q,2008) «xBQUBYEL . n8tP0Al LOTRING, AGt h¥ahd Pt NeL ARV OTor

specific activation of provirus gene expression or simlar theraEy
strat egi edaptextiby beashit §sf vomlt R ©SHEUr REAESr eADYaR1dP PRbYi raPwWn

DNA, therefy figducing Jig 1hg1pghlentitfe ool of ddheaikd cablainidie

further aspect the present invention is directed to anin vitro
met hod of Wptliudesideyrtrhe-neébatrsht tiAnsf acsipdyi CalCiinf eOhPBRh B aPre-

subj ect. cipitation, polybrene mediated transfection, protoplast fu-
sion, electroporation, wviral infection, encapsulation of the

polynucleotide(s) in Lliposomes, and direct microinjection of

the DNA into nuclei.

Fusion proteins are prepared by methods well known in the art.
For example, the expression vector the nucleic acid encoding
the tailored recombinase is cloned into already comprises a
nucleic sequence encoding a second polypeptide or protein. By
cloning the nucleic acid encoding the tailored recombinase in
frame with the sequence of the second polypeptide or protein,

both sequences will be expressed as fusion protein.



This method conprises the steps of (a) determning the nucleic acid
sequence of retroviral DNA present in a blood sanple of a patient;

(b) scanning,fbes:bR sequence of the sequence of step Ga}pbhsdaoun

reconbi nat'i on 'sequences for which spgeifi- WO

2008/ 083931PCT/ EP2008/ 000021 55 cally tail ored reconbi nases have

al ready been prepared; (c) in case at |east one of said known

reconbi nati on sequence exists, then a conpound selected fromthe
group consi sting of an expression vector conprising the nucleic acid
of the tailored reconbinase specifically recognising said known
reconbi nati on sequence, said tailored reconbinase, a fusion protein
conpri si ngrrehencam neeldel dusetjuéoce eabrsasthg ather ¢éditecehbiraawe igrassn

adult stem cell _said expression vector iS prepare . :
phar maceutTEH "EEnBORTT oI T S CRE FEAUBET BT Bk S Ui Ll T bl T Ve
subj ect; agifweawyseisegewances sidth henoicogyepdmalte | basteBB6 tolibe or
|l eft half-site and.the right half:site,sequences. of o] rge

sites of &% oﬁﬁﬁﬁﬁSe?rw%@%Sfﬁo%ﬁ% ﬁ%%%?bg%ﬂéhs%%ugﬁgeéggéé?é)£HSECt
separ at ed daL1a sui habhel ispacellef 5-12 nucl eotides, are identified
and termed "asymetric target sequence"; (d) performng steps (b) to
(1) of the aforenentioned nethod for preparing an expression vector
for preparimg mResexpr éasktoni srecfortlenc qiiavg dast ai mertbddr Econbiepseing

Spect i cal 1Y LEPoRalng 108 ASUITELONC {3981 SSAYANFEchIENtbhb Plbes
the aforementioned method for preparing an expression vector
encoding a tailored recombinase and the further step of intro-
ducing the expression vector obtained in the aforementioned
method for preparing en expression vector encoding a tailored

" recombinase in vitro into a suitable adult stem cell.

In a further aspect the present invention is directed to the
nucleic acid as obtainable from the aforementioned method of

the present invention.

A "nucleic acid" as used herein is a polymeric compound com-
prised of covalently linked subunits called nucleotides. Nu-
cleic acid includes polyribonucleic acid (RNA} and polydeoxy-
ribonucleic acid (DNA), both of which may be single-stranded
or double-stranded. DNA includes c¢DNA, genomic DNA, synthetic
DNA, and semi-synthetic DNA.

In its broadest aspect the nucleic acid obtained by the method
of the present invention is a nucleic acid encoding a tailored
recombinase, wherein the tailored recombinase recombines asym-
metric target sequences within the DNA of a provirus inserted
into the genome of a host cell leading to excision of the pro-

virus from the genome of the host cell, wherein the asymmetric



(e) preparing the expression vector obtained in step (d), a protein
or a fusion protein expressed fromsaid expression vector or a stem
cel | trans\{vggf@gsggl infected with said expression vect %Tﬁiﬁ’z@? 000021
phar maceutical conposition for the reguction of the viral oagl In the
subject. WD 2008/ 083931PCT/ EP2008/ 000021 56 In this nethod a
tailored reconbinase is provided for use in the treatnent of a
patient suffering froma retroviral infection that is specifically
tailored to reconbi ne specific target sequences of the retrovirus the
patient is infected with. In view of the sequence varieties found
within the LTR sequences of various retroviruses a reconbi nase

tail ored ttergecosbtae arspeécifemrasyfimoet the target seguenct Uie avild-
specific ret rovi rusbwi | | not necessarily recogni se target sequences
within the proviral "BNAGf other retroviruses and will thus be |ess
or even not efficient in excising other proviral DNAs than those it
was tailored for. .However, to addr.ess thi.s, pr.obl.em.and t, r OVJ

i ndi vi dual ny Fhi ?%l?oedmreélgo th|enansuecs1e or aLColfd boabg-’laéé’fafiy%é(act%’egu Pjéeh%{%, of
al | owi ng gfreachimiesestenedespami fiaal the prunlieial agéd sknustep {= Ofrth
the in vitro o e daventdon of oRtl misbng. fhe Lreajppnt. of. 8
retroviral®d nfection the nuct et ¢ &G Sequence 0 rettoviTa

present i npenokosdt simiile agf S&Qpabixemt i.s determned. In this first
step the retrovirus the patient is infected with is preferably
determ ned by DNA sequenci ng using chain-termnating inhibitors

( SANGER atAlalo. , inkQtidpdofwitthe ngerhenedeofirtihéoui pdl grer tnwlled cwiddiidn dree
bl ood samml.¢ oBtai ned from Lhe:patient < Ghgt, TEANS: el loknonn fockde
skill ed person providing i Nt ormation on the sequence o kp’he
retrovirusiheyheal sedeetusegention that have at least 50 % similarity,

preferred at least 60 % similarity, more preferred at least 70
% similarity, even more preferred at least 80 % similarity and
most preferred at least 90 % similarity to the nucleic acid
sequence set forth as SEQ ID NO: 2. In some embodiments the
similarity will be as high as 91, 92, 93, 94, 95, 96, 97, 98

or 98 %.

In a further aspect the present invention is also directed to
the expression wvector as obtainable from the aforementioned

method of the present invention.

A further aspect of the invention is the tailored recombinase
protein as obtainable from the aforementioned method of the

present invention.

The term "protein" as used herein includes proteins, polypep-
tides, and peptides. As will be appreciated by those in the
art, the nucleic acid sequences of the invention can be used

to generate protein sequences.



WD 2008/ 083931PCT/ EP2008/ 000021 57 In step (b) of the in vitro
met hodt he LTR sequence obtained in step (a) is scanned for known

reconblnagbgg%gﬁgﬁgpces for which specifically talloregcgﬁﬁﬂﬁgpﬁ@ﬁes

have al ready been prepared. This seargh is performed by using
exanpl e conput er-based sequence anal ysis as described above. |If the
LTR of the virus particles found in the bl ood sanple conprise at

| east one sequence corresponding to a known asymmetric target
sequence for which a tailored reconbi nase already exists, then a
conpound sel ected fromthe group consisting of an expression vector
conprising the nucleic acid of the tailored reconbi nase specifically
recogni si rg aa@deﬁaomﬂdrembnﬂﬂmewti@hestBElOEﬁn(tqqnmneneQErEC@ﬁbhhé§@
a fusion roteln co ri,Sin e i.n i d sai [

r econbi nase1 of"ah° ’r? 5 r%n}é]:e %g]ttrg?lgﬁec%%g o# in ct ed \E)l\nh%ﬁ E%O%i
expre55|om1naeeowaastehﬂadumdeaﬁoveLi% moepaiedsas a phar naceuti cal
conposition for the reduction of the viral load in the patient. This
allows a fast and individual treatnent of the specific retroviral

i nfecti on atisth i efdeidciwrithimecondi rabedindovevef thﬁlﬂoe@ueHCP@bi@ﬂ%m

r econbi nase has been rg d h t
! rofe P rrg.are %{O\If‘%rolc?nrass %p él’?e) Lljagnc%‘ fc?q‘ég

the virus Pparti-cresfodh % T's use I denti y|ng
sequences dduﬂﬂuntmmaehSEOnﬁDoyw oB. aPréﬁﬁmelyJ %ﬁ@oV@heahE$tW1ll have

e, ikl 8 el Lo 4 SOHENGES 0L AR LaLactanly s oL

a reconblnasecﬁﬁheﬁeln ogous sequences are s parate
spacer of ihéh&enmuhe@hrdbs 0$saabbwaﬁtsﬁﬁﬂ%tﬂwmﬂhayemyrseqdem@ee E#Qi‘

terned ' trlc t%% %%gfggﬁfp%%jﬁ%fﬁg detial,led odesCriPth@Nsequence

prOV|ded a ove Yt Sr dtor preparing an expreéssion
vect or encx&hrﬁpnxhtasl@E@dlﬁe@@nbﬁnage abse epptdiswenicr ¢he womilarity

2008/ 083931HGT/P2Q08/,900Q¢1938 o5, 93, 94, 95, 96, 97, 98 or 99 %. Bs

for nucleic acids, similarity in this context means sequence
homology or identity, with didentity being preferred. This
similarity will be determined using Standard techniques known
in the art as are outlined above for the nucleic acid homolo-

gies.

in a further preferred embodiment the tailored recombinase
protein may also be prepared as a fusion polypeptide, using
techniques well known in the art. In a preferred embodiment
the tailored recombinase protein is linked to a second poly-
peptide. Preferably the fusion polypeptide is obtained from
the aforementioned method of the present invention, wherein

the tailored recombinase is linked to a second polypeptide.

Preferably, the tailored recombinase protein is prepared as a
fusion polypeptide to increase expression. In a further pre-
ferred embodiment the tailored recombinase protein is made as
a fusion polypeptide to allow introduction of the polypeptide

into living cells. Typically, purified proteins cannot enter



In step (d) of the in vitro nethod, the steps (b) to (1) of the

met hod of preparing an expression vector encoding a tailored

r econbi nasg, 9@0%@9 ed above are perforned for prepari ngcﬁ@ﬂ’%%(ﬁﬁﬁi on
vect or enco%|ng a’'tailored reconbi nasg specifically reconbining an
asymmetric target sequence identified within the LTR of the
retrovirus found in the blood sanple. This allows the preparation of
a novel reconbi nase reconbining the proviral DNA of the retrovirus
the patient is suffering fromwithin a very short tine. The detail ed
description provided above for steps (b) to (1) of the method for
prepari ng an expression vector encoding a tailored reconbi nase al so
appl i es hemeo Eeddklypeicaustephée) aok nhe iablei ttoo pestshodhet rell mem-
obt ai ned expression. vector _encodin r econdi e _specifi I :
recogni si %&F‘%‘gﬁd%}‘lgcgﬁbi%hfaﬁﬁ the® br%?/‘i?érva r'D@Sgggt ﬁz %&t%?f:%\%/?% u%e?%ledes
patient i sekpbectedtaipivtieingy epar edsast al phidraragaukiecalf tbaposfusiom
for the reducgtion of the viral.load i ai i . this. c

ina furt }?&P%Sﬁ{%%dﬁ%%t C?#‘es phat n%%:eeu%lcaltqigg%lggfg%?ohgrﬁrg %?a £yﬁecgr(r}amy
conpri se tihe ifndicvidoal $itd aspaaridd cr eeonbb aseesas iacpudirgnCoe mecom-
fusion proteln expressedehr am LOS, £XANC3RNINYES! 01l By 8 SMEF! dnis
transf ect éd"67 1 nf'éc¢ted W't RS54 expryeSS| on vector. Ina nore

pref err ed sapredicnenteitie gthaz hacezddBal Goripesirneant corpeiigies s have
expressi on. vector .cont aj ni_.ng, nucl ei i ds, encodi e_l ndj vj dual
tail ored rélc}%% Fn&SE" %ﬁé%g%%%b%’%ag%&g% %ﬁi (Q:E'tr(lgg?rée{]h%ﬂé@owddi%c%%bl
nol ecul ar e0e4) .\WB=2063108393 :PEAL &R 0681 000024eS ot oretibiive s s -
froma w ld-type reconbinase, or. a |_r eady, il.or L ha ‘-
Hovever - I8 FoCSroAARE T2 BEr ol B e P BE SR Ra TG R fom 10
(recogni siffegtadskeghsly different asymmetric target sequence than
those found in the LTR of the present proviral DNA). The choice
depends on the honol ogy of the asynmetric target sequences. Although
direct ed mMluecul @re evebandopoiaypebeidgplinediteo &usewonbd hearsr {ide hezy

wld-type or tailore ogni.Si a eguence W.thykow tei
honol ogy tos gﬁﬁgngeg\%\/?{'%?n%%ﬁR%g% %%gh?j?ow r anEDNE,'Y t hi s'\?\nxlol e
require addiarisgnatievobanibn syoi ess tidicolitPdl iPeptdgeciki eaPrptiae| bred
recobi Nasg, ANd iyl hel ISo PP R b B CONS WBGaofS i h ! (bdofl 8t a1.,
likely thati an existing tailore recorr%l nases recogni ses an

asymmet ri c13%k,get 9$equUERCE (Vi ad- cl 8827 sefiieice HOo| AR et al.,
sequences id}}éﬂdd{' ékn:e I\}'LT ’%rg_{ l%%EGQOgQ_‘Lf é’tl.:?cfn & Lfé%'c:%'f' lf8r deliver-
preferably applied on suc ailored reconbi nases. Fewer differences,
within thelnarget Sespmmceslynepiide [Loss absl nrcdareyefednt GUKeRAAEES
the specifigity, he, y@conbi nase (previously tailored to recogni se
a differen %lar(é%%mééq%gﬁc)e) to the target sequence within the LTA,
thus saving tinme and allowing a faster treatnment of the retroviral

| nfect i on. 5 | B, cpneleryed ebodidregle el e kALYbh! 9sMREBOdkddero tne
efficacy oz? el ther t already existing tailored reconbinase

i dentifiedadultsteey cyebf e2hecbhaiiahle oframhetliecaffyigfgséioned method
specifical Ly taidar8d i $L8PsfdndS LQRGE0BALLY L LIS dit Wrkkenw §h-
regard to %%%l%éﬁ%rﬁﬁg %r gv?r%l Er)nNA c?f t he retr%vi rus the \gat iSent
subj ect i svémfigut-e@hgi shenThesls e3%e My SiSTPOLY ot AERCHRY o1r ttgansfected

preparing galyl 2CQURDaSES, Ak AR TRESHE] £ £ @MROShT e ion .

In a preferred embodiment the adult stem cell is a stem cell
from the hematopoietic lineage expressing the tailored recom-
binase, the aforementioned fusion pelypeptide or comprising

the aforementioned expression vector.



WD 2008/ 083931PCT/ EP2008/ 000021 60 bines the specific asynmetric
target sequence also in mammalian cells. This testing is preferably

per f or med ﬂ@@@@%lan cell such as HelLa cells, PML ce} Kﬂﬁs

cells, M(?' cell's and peripheral blqgd nonocytic cell shfjg élé%ﬁﬁl
furt her optional step of the in vitro nmethod of optimsing the
treatment of a retroviral infection of a subject the tailored

reconbi nase finally obtained is included into a coll ection of
specifically tailored reconbi nases. This step allows the construction
of a collection of different tailored reconbi nases each recogni si ng
specific target sequences different fromthat of the others. The
growi ng nunber of tailored reconbinases within this collection

| ncreases Je BLobablli Ly dhal, 85t ahkar ed Lol NASe S BYRLabLSs -

t hat recoghi SE5°RO & et sequence cl ose y Tel %t%r;(% t 0 sequences wit
the LTR seguasce wmflcpr @ainr de Epdﬁr:aflr@bofmnma@ﬁcﬂfgmoeqﬂmse@i ?erlpﬁ'dnﬁsl

wth a gr er rec e Cli t _

likeli hoog)vftoﬁgt ﬁn(? typ(ge %eco%@sngéfgc a(g' %Q#rﬁtsgi ﬁg@}"reg&ftnlnée n%)erue

tinme consUmmgr&euhodScuhem @aﬁesg, vﬂﬂéxzeas Thheihi ketrhomdieiticedigesodi-

that the fiaster gener ¢ otrgle(,1 - Leg | cpgmt%s%hgvﬂéﬁtén n. cycl es) of
ano

aspeC|f|caJ1Iy “PaiTore dlreco |nase from
closely related tail ored reconbi nase is possible. In a f| naI aspect

the presenf Iggengkgg ISfdI ﬁ%tgd tot%ecoﬁi Cth ?XPfcéfi£pr8 signates

r econbi nases, erern t e nenbefs bf said col | ection are ea
obt ai ned b:;e]ﬂtse wigitdhods )ofhatee phesenpabhiirit | of. seWWDrrenewal and (b)

2008/0839%%EpE£%§%99§é9089%%u%9at least one and often a number of spe-
cialised cell types due to their asymmetrical division capa-
bility (Donovan & GearsarT, 2001). Adult stem cells can be iso-
lated from different tissues of adult, i.e. from differenti-
ated individuals. Such stem cells are referred te in the state
of the art as "multipotent adult stem cells”. The essential
difference between embryonic pluripotent stem cells and adult
multipotent stem cells lies in the number of differentiated

tissues, which can be obtained from the respective cells.

In a further preferred embodiment the present invention is di-
rected to CD4" primary cells (blood cells} of HIV-infected pa-

tients.

In a further step of the method of the present invention the
expression vector comprising the nucleic acid sequence encod-
ing a tailored recombinase, the recombinase protein, the fu-
sion protein or the adult stem cell obtained by the methods of
the present invention are prepared as a pharmaceutical compo-
sition for the reduction of the wviral load in a subject in-

fected by a retrovirus.



coding tailored reconbi nases, bacteria conprising vectors containing
a nucleic acid encoding a tailored reconbi nase, tailored reconbi nases
i n protei Ry§oklosvi ral vectors conprising the nucl ei ¢-3fEpshoshfRsl N9
tailored reconbinases prepared accordjyng to good manufacturing
practise. In a preferred enbodi nent the collection of the present

i nvention conprises expression vectors encodi ng nucl ei c aci ds
encodi ng specifically tailored reconbi nases. The expression vectors
are then either Iyophilised or will be stored at tenperatures of at

| east -70C. Storage of bacteria, proteins or viral vectors is carried
out by methods well known in the art. It will be obvious to the
person skUﬂIﬁutdhartbebaettthattmaeimmﬁﬁuﬂnn(ﬁStﬂh§ phegeate i hvent | em-

descri bed abaqve co cI| aI ct f -
Cyol ¢ or (RGN cBYET T Hhriantte R ARG, 3pQ pERbRcens
of the fi gured Ebgp@elﬂlodﬁxﬁugﬂy¢e@&bSplthsen}lﬂ@ ¢heasgrmeefie solu-
target sequences. .Shade th ed repeats

of a synngPrlcsPéF% elggﬁaya?g%% 3§ﬂq§%§gép sgﬁﬁg%ce (bl ack

bar). The nunbers and Ietters wWithin the asymetric target site

R g g S s

site. The < arrows repr thée generation o ted repeats
on t he basiwreof phdnmahestﬁeaSEmueaceepﬂ&bh£ spexariegdglienc@xcTheegk &)

shaded boxee, . Lg LAEQGL ST L L0cLbe sgaontlanl LRe LB EchSDSelc-

represent i € o ous synmetric target s

repl aci ng abldevicat iusg mclae@harmmce@ﬂmmmﬁ/tlipaoewﬁo@@%l 52 the
tide. The Spacer sequence in the target sequences of the different
subset s nay e different fromthat of the honol ogous target sequence
(and is thus depicted using black stripes on white ground). The chart

only exenphid i e, LG JHGIEqt L e 2ht a6t - ol CoLEAACCTRM S R ro-

ot her nucleotides an i'fferent nunmbers eotides are equally
possi bl e adaqr eher védus Abbadvimatd o] eles| lﬂfﬁQWd i @ gefurendsuy; be-

hs2= hal f - low 5.000 genome equivalents/ml plasma, preferably below 500

genome equivalents/ml plasma and more preferably below 50 ge-

nome equivalents/ml plasma when administered tc the subject.

Thus, the pharmaceutical composition of the present invention
comprising an expression vector encoding a tailored recombin-
ase {or the tailored recombinase as a protein or fusion poly-
peptide or a stem cell comprising the expression vector) is
capable of reducing the virus load in a subject infected with
a retrovirus by eradicating the genetic reservoir of retrovi-
ruses within hosts cells, thereby preventing further life cy-

cles of the virus.

The term “virus load” as used herein refers to the HIV RNA
equivalents (i.e. genomes) that are associated with 1 ml of
the patient’s plasma {(DysuL et al., 2002). Thus, the virus load

is determined by measuring the content of viral DNA in s sam-



site sequence 2, hsl'inverted repeat generated fromhalf- site
sequence 1; hs2'inverted repeat generated fromhalf- site sequence 2;
Figure 2. ((9ohikiogbsrial directed evolution strategy. (ApAbrReshe.pase
target sites used during the conbinatsprial substrate |inked evolution
process are depicted. The bases highlighted in grey represent those
different fromloxP (SEQ ID NO 35). The left and right 13 bp
sequences of /oxltr was used to formthe palindromc 34 bp subsets
loxltrl and loxltr2, respectively. loxltrsla and | b are derived from
loxltrl and are characterised by two half-site nutations, each
corresponding to the palindromc arns. |oxltrs2a and 2b were derived
froml oxl 2 abdaaned chasractler irmadeby .t Aneeetidlyf,- sheeenvtat tonss main
each. (B) A sum‘rgr%. of tl%eCEIZGSsubsg\;éemltlebllienked di rected evol ution
cycles perf8Fiedtt bt ioht 2% RESTYR FEtor®ifase i s shown. The nunber
of evolution cycles for each /oxltr subset is shown inside the arrows.
with the final  cy mber sho at the.arro ad.  The j
library acti vill)y %#&t fﬁervgtrsg\rll\gr?rﬁsecﬁl sttlocrzly%gyrg?rat%e C[}%gge é%lg‘fs%sn
are shown as a reskTiEtA)an 2apaliysiy Gfivpl agon it BNAasndeRnehe hDidgnos-
respective tar QEtﬁéBer [ Xbal digest at an Irarabi nose induction of
200 gg/m). The u t%Tonbi ned (upper band of 4.9 kb) and the recom
WD 2008/ 08393 2PCTE ER2OQR] 000924 GBAbLI (1NAQ|:ovierr pantd” oHIY, RN2D) Assay;
i ndicated as a | ige V\%t&a:[\lr\l% ttr.i gnglr?g or one triangle, respectively.
Figure 3. A repreSehtatidi of the' ditected evol ution strategy used to
evol ve /oxl tr 33pesiéleic enoinbi smmsencesbs heodnandlhic ieachiaoni dNATREY oridu-
PEVO-/oxltrs are b sgdns(m Shsea ,B%[l)?)%e\%ecltugr and contain two directly
repeat ed reconbi n&s&” T 4T get® sit'es (D oxf?rs). Reconbi nation at the
/oxltrs lead to deletion of the intervening region containing a
uni que Nd restriction,si s C st ul i S L £
retri eved%unsi ﬁg pﬁ&%%\ﬁnr?% ﬁﬁnﬁ)ﬁé?geéﬁ %@%Qp:ﬁﬂr‘?\%eg‘igﬁéagindgggp[%%lil)olnD(.3
NO 20) aftier pheeslendi gesénvien The dRERblesaFt seduringl thikh vband ipad in
can b? US%Q %&bfquL %%c?ggkb%ugc%g%kﬁbiﬁﬁ§QQHkﬂp§ﬁ%Obn%%ngﬂg equiva-
starting vector For e next cycle. "Restriction digest of the pllasmd
pool with INgels/eis uplessmreamopat fofalliy eeoidy N0 plagsrinds qavdvadAphm/mh
the figure), and henge &lddm paLes-0ory f washiond) LERGAD! NARA%alents/m
plasma. Patient with a virus load of below 5000 genome equiva-
lents/ml plasma are considered to be relatively well adjusted
to the medicinal treatment. However, the goal in current AIDS
therapy is a reduction of the wviral locad below the detection
limit of the wvirus load assays, which is currently below about

50 genome equivalents/ml plasma.

In this context, the inventors were the first to show that a
tailored recombinase can be used to excise the full-size pro-
viral DNA from the genome of a mammalian host cell without
negatively affecting cell wviability (see Figure 9). After
treatment of infected cells with a tailored recombinase ac-
cording to the present invention (1) retroviral DNA within the

host’s genome and (2) virus particle budding from infected



Figure 4. Mapping of nutations of evol ved reconbi nases onto Cre
secondary structure. The appearances of the nutations are shown in
the indic r code. Am no acid nutations appeari n
once add S&)S?ngg%gﬂ Structural elengepts of Cre are shlggnglmgis)db%%&rogﬁfor
a-helices (Ato N and arrows for 3- Sheet s (1 to 5) based on the
crystal structure of Cre reconbinase. The catalytic tyrosine is
denoted by "Y". The filled triangles mark am no aci ds nmaki ng specific
contacts with DNA. Hypervariabl e codons are indicated by the am no
acid position above the bars. W) 2008/ 083931PCT/ EP2008/ 000021 64
isation of Tre in manmmalian cells is underlined. Mitations

hi ghl i ght ed1iB kkght ngt eYoaser daste @iaey o( AAnd31ing 244at 2dits 25 lancks-
262) depict DNA contact, and non-contact residues based on the Cre
crystal stryCEbrEn FRUJSE Sl . YR SHHTR8%ei d nunber correspondi ng
to the Cre sequence and the nutation analysis presented in Figure 3
is showmn above the nutation. Figure 6. Corrpgriso#{of t.he /o&%{}er {ral
sequence Vineh RRAFSRCEMYIERL TRUBEGERLRS. PASLEAABH s&FEREFDN 273
H V-1 LTR 1spQuUeRCest esi ahdgnek lleatbef 34m bphd axdup sequentién@not tite
simlarities were cal cul ated. The resul {l‘ﬁ are showP as él)_er centage, .
sequence RBEWSEodTBRIN oHP G erdaysal TRl r B8RRRt FERZETRECTH Y hE
library. Themgcesishen murdeens 1efukbhea HrVrds LTHsenuentrs-Bre hivaan T
in the abscissa. Figure 7. Activity_ of_ Tre reconhinase_in oli._.
(A) SchemdtSid @&b‘ﬂ‘égéﬁt ZLron r'd?P‘F_azIZ b%\%lé‘g'ﬁlgpo tlglrlaﬁsgaﬁ?%%i ?%uf{emla
speci fic recembinge on ksecks-1)q tdiemisentvate of 1dekdmiacotirysr dngteer]I
resulting in _ablation of LaEZ expr essj on. ée’?% Re%o i na ioQ Mia virus
speci fici t ST Frér i PPUSEF at 8Y*TET " THE | 'bad&dPEpSFTEF EXcl 5T 'oh
pl asm ds. (e wi GhereslotophiviahieconsuidmizoxR ras /(Bahtv) based reporter
pl asm ds and reconbi nases used are indicated. Wiite colonies are
produced as a result of the renoval of the pronoter driving | acZ

expr essi ommf¢aty a gearhenrapkofer{dd oAtbidiinbyt ofeflrerineconbi hasereated

different target sites after,overnight culture at 50 .11g/. o

L- ar abi nos"éltébr’fé“éintpﬁ‘gﬂ%ﬁe‘é%l%ﬂ]as% gwrgg??gsh%%%%nlgont (%gftlﬁelﬁ%u

versi ons ofudi f ei@ntichaigetusi ties mardeFrblandediegestli dirom ttheBsg@up

and Xbal. The | qwer ra%carrbi ned band
t

with one tT9HHgI%e dn gma%p%r?m%nn‘?dee%gﬁg?%%m I%t%%lsl aj p;éatl\e/\%ﬁ§_§) ) RS-
20081083934 RCTiiER2@8/FA0A67A¢y virus Type 2 (HIV-2), Simian immunodefi-
ciency virus (SIV), Feline immunodeficiency virus (FIV), Bo-
vine immunodeficiency virus (BIV), Maedi-visna virus (MVV),
Equine infectious anemia virus (EIAV) and Caprine arthritis

encephalitis virus (CAEV).

However, it is obvious to the person skilled in the art, that
the present invention is also applicable to retroviral infec-

tions by other retroviruses than those mentioned above.

Further, the subject infected by a retrovirus the pharmaceuti-
cal composition is admiﬁistered to is selected from the group
consisting of humans, primates, monkeys, cattle, horses,
goats, sheep and domestic cats. However, the subject is pref-

erably a human being.



65 line with 2 triangles. The cal cul ated percentage of reconbi ned

pl asm d of each target is shown beneath the | anes. Fi gure 8. Assay
for trans inase activity in HeLa cells. (A re
co- transﬁ@%w%ﬁé/%\ng h indicated recon@inase and reporter @g@ﬁél&’ 02\(@9
Figure 6). The cells were fixed and stained with X-gal 48 hour s post
transfection. Reconbination deletes an intervening stop region and
results in activation of |lacZ expression reflected by blue cells. (B)
Measur enent of P-gal actosidase activity in cell lysates of HelLa cells
co-transfected with indicated reconbi nase and reporter plasmds. The
P-gal act osi dase activity is presented as a percentage of the enzyne
activity of cells after paral I el transfecti on with the reconbi ned
forms of reporter Ias aX a VAI!%)xI turtlcga?) Cngemc tgg&l qr;
medi at ed BY 'ﬁepF?\ rrs‘:‘i bFI& a Feporter ce The ce
line was trbansbaebedtant I’hdﬁﬁ@llistﬂi’e:l.@rﬁlddﬂm‘e o&hpmesst@meve@ér@ixs arfd the
P- gal act osi dgie actjvit neasured.in cel l(H)LA/ tes 48 hours post
transf ect "o ¥ PR téEFFBﬁVJO?a]r SEEHBPRat on i'm the /oxltr cell
l'ine descrlbed in (C) after transfection with Cre and Tre expression

t The PCR prod for th mhi.ned i ned_cont r ol
bl asmi 0 (B89 GREER Yt G eoAPBRHES Gt o (S PAnaPREE, o i { FORrEe

and Tre embe.smemawct@f@etarr@ shewrirdiheréosere recoribriptdabandige-
denoted with a l.ine with onetrlanlel qtlﬂ rec 3r]ed band

with a |i RSP ERet et i ShEtEsetTh gt'k O?LE#E 56Rgpro ucts ‘i s

indicated. Figure 9. H V-1 Tat transactl vation assay in HelLa cells.

A) Schematic d t he t HLV/ T2 t ey
Cont ai ns. (e FGHAEF SEQUBHEC: (HERGLEA by AowRTT 15 A6 CarPRTH- 1T

U3 region igf idre édnﬁﬂlsHXBelMR:ommtcopy sabseheenw\o:o global im-
2008/ 083931PCT/ EP2008/.000021 66 /oxltr C S absept.dn,
the pH VI PHTUCEont 8C011'5”7\/e or2PY sOFocsziJ gggg o%“?’ﬁ"é‘(ﬁpﬁl& fer age gene.
The LTR prgmmt ekpeasste@s. in its R region the Tat-responsive TAR
region. Tat transactivation is reflected by increased expression of
firefly luciferase. Li and L2 denote the priner pair used for PCR

det ecti on mfe rconbienatfi dmmibkaclctirhahgh esherdRec obiradbronvi dhe hey-
foxltr si te hvgsllls dc%a%t edé[lh%er'élgl f% %%.%aggglll ng el el%'t%ﬂtly HIV-infected
cells may accelerate eradication of persistent viral reser-
voirs. Eradication would occur via immune clearance by pro-
grammed death of those cells actively expressing HIV-1 (pro-
apoptotic) products (KuLkosky & Bray, 2006). Global immune acti-
vation (activation of immune cells, including resting cells)
is usually achieved by, for example, administration of immuno-
toxins, cytokines (e.g. IL-2}, or T cell activating antibodies

{e.g. OKT3).

In view of the fact, that immune activation conducted to de-
liberately activate HAART-resistant latent reservoirs did un-
fortunately fail to permanently eliminate HIV-1 and viral re-
bound (for reviews see KULKOSKY & Bray 2006; MarcELLO, 2006; SHEHU-
¥HILAGAR et al., 2005) due to the fact that_global T cell activa-

tion apparently also induces wviral replication and increases



(B) Relative HI'V-1 LTR activity after transfection of HelLa cells with
the control vector pH V/ T1/LUC in presence and absence of Tre. The

firefly I activity was neasured fromthe respggt]
t ransf ect Se;db&g]?@ﬁ?‘qﬁ}sat es at 48 hours post transfecti On?ﬁ&‘r@gﬁmsmuoon

activities were corrected for transfection efficiency by using a LacZ
vector as an internal control and neasuring the P-gal actosi dase
activity fromthe cell lysates. (C Relative HV-1 LTR activity
after HeLa cells were transfected with the pH V/ T2/ LUC vector in
presence and absence of Tre. Cell |ysates were assayed as before. (D)
PCR detection of Tre-nediated reconbination in HeLa cells transiently
cot r ansf eathed rinbBrTalf exg@reessiaan Hivadmitchrgrd tded lisndieyahdd thectl@vsl
The | ower band of 756 bp represents recomhi ned frag after

| oss of t ﬁé’altu&af"ezbfseccg‘btﬁlﬁﬁdrzj i 0 d HSPEm yEtde‘?Ie‘c’t g%qgeo)i ng%reﬁqes]r
t ransf ect egewithc pk¥YATREAAIC aned TeeeexPressd onressct ¥V . Firgursppfdach
Tr e- nedi at,ed reconbi nati on o% gﬂ V-1 .r#\éi ral DN%he(:'v%\lseSChg%asFé Cr wi-
di agr am of*S HEeNIFF28ERYBUP 0 pr 67D TS Y & O SEELeRC A oA d U
the 5 andad dJehRkmies . dapiect €dc Theispacer stquenoe | srandes| igeed. cHre
nef coding region is substifuted t he pur LN resistance gene __
(light gr gﬂfeﬁgi?f’ 2AY ﬁv-agltbia%‘f?‘? (t:g%e NCt g%%%nd‘é?efé% I%E}lgmq e
Respect i ve:¥S\Erespsaudn- bypedewtivgansegtbinaf ebt7 Hellai cdel hsth (B)pear
Detection of inte- WD 2008/08 PCT/ ER2008/ 000021 .67 e .
provirus (14 \ﬁ%cééﬁ?tﬁpéﬁe‘a? a‘gf‘g'r]ﬁ Janngtrfeec%rf’fﬁnﬁgt °&n CS? rlﬁfae‘?'dSW?';tlnldf
3" LTR regimanich' / 31kddRLo) owdn6di. agicargovey, quaid | taleatelveeak ransaer iRCR

of total genom.,c DNA isolated f the i nfected and either, Tre. B
expr essi n%‘(oﬂaé) e -1 |11 Pgi ek{ﬁqm(lcomnatyr ol ) %¢e sa(g?l%ee %,I %%S%Onaend
10 posttr aksfeelilane EHDACHpnpilebiasrexanichedsi n fori pkporles. vQ)roic

Anal ysis of vjr article | ease _and cel ] vi.abiLities 19 :
p24Gag | e\laeqlsd’i ﬁ:%tal%e e&’&ﬁtﬂ?éf%ubrég?l% San‘f%%ﬁé’%dgke?{lrlnﬁnéd@géﬂl EE?%%ng
(upper di aggldn) iat dbsenicedb€atedlwbek saquoistariansflierdeow, TRE6; LEHRMAN
per cent age_ of inhEBbgLon of viral replication within the Tre
expr essi nge%lﬁjt'lire, cohpared to the control cells, is shown. Cell
viabilities were sinultaneously nonitored by al anarBl ue assay (| ower
diagram .. (D) Detection of Xpr i I (lig - I _
by indir eclfé‘”f %ﬁoﬁﬁﬁ%?gségﬁgggi %C?h‘gg%"ooﬁgrtg]ee%%ﬁ t?rre@%3 g%?%/%l ?Qg%‘)a
week 4, ortigm tdfe phoeiexpr essé ngxpuddioe atr weeklalr Bem@pyasrapegies
posttransfecti.on. .l ncubati@n_of n ] h - e
secondary %’ﬁ?ﬁ@'&’d)})eé} gﬁgssgf\c}lﬁdtgg %églé¥|§€éeAt:t£§rJﬁ?ﬁ% %g%rgglgg%%q SNA'
Nucl ei werehattediyalriededihy DRAGE skaianhgt{edardell afei)jfediggucells: Tre
expressing cells are sensitive to puronycin. Cells fromweek 8
posttransfection of the Tre-deficient (Control) or Tre expressing
(Tre) cul t Im ea Brehexpesedct otide Spxggant pavenyeem Bhdlimssitedr bd awetn
time for cel] _viahiliiy by al.amar.Bl u S present. i | ON; -
w il be ex‘ﬁ%ﬁonedeb%hr?c# uor%)h%‘?élg‘gt%églg %&gmgy%)éggﬁgggrr%?eg et BYFIHALMin
fection of a subject.

This method comprises the steps of

(a) determining the nucleic acid sequence of retroviral
DNA present in a blood sample of a patient;
{b) scanning the LTR sequence of the sequence of step (a)

for known recombination sequences for which specifi-



WO 2008/ 083931PCT/ EP2008/ 000021 68 Exanple 1 Reconbi nase expression
and reporter plasm ds Various expression vectors were generated for

t he purpo present invention using standard ne
synt hetic %g%g@ﬁégg%l i i %E?&ﬁzo@)ﬂmon

rand ol i gonucl eot i.des or PCR t echnol 6Qy
Tre cDNAs were cloned into the vector plRESneo3 (don-tech) utilising
the Nnel and BanH restriction sites for expression in manmalian
cells. The nultihost reporter vectors pSVpaX and pSVl oxltr are
i dentical except for the directly repeated /oxP or | oxLTR sites
flanki ng the pac region, respectively. pSVpaX has been previously
described (Butnotz et al., 1996). pSVioxltr was generated from pSVpaX
by replacing the | oxflisi tesividdd / pxdohRisegaentese Hieeckay- mesponsiare
reporter gene plasmd pH V/ T1/LUC was constructed by ligating the
H V-1 HXB3 LTR betv%%ﬁé Y'he Spel and H nd= site, and the firefly

luci ferase gengchet wgesnddatHldiskl casdoXhekiditieowaf tevembikat yot iwe-

expression vector pcDNA3 (I nyitrogen) Subse uent
sequence of the pri®BFFH ¥155%r altﬁe*l"ZB?)Oﬁg ety aﬁﬁEaCEeé%s:fgﬁm the
nunmber AF096641) wagrdwi r@g}my@iun@t @ft hen I-e§8ga:els'ERohy viéGRorThempt'asiriqi

pH V/ T2/ LUC was obt aj ned i nser f ubl e- st r an
/ oXLTR-encoding ol i} 16‘?168‘]“5@9%303 E %h%%la& gas%c geﬁé‘aﬁgt #R&A the
Xhol and Apal sitescaf1pHadobilsikg 'Ehedek{oslnTﬁée@vmrrwspngseec«.b,me,

cTat, the parental vector, pBC12/ CW, . and the erna ntro I
85012/ CcW/ PpGal haveS%%%n %Pelgoc‘i%doefc?cﬁff‘@%i‘%ﬁ%y I(’E)A e"t”% o EB‘@%’?}'Q

RUHL et al., 1993). idhetNech@ino acid sequence of sald tallored recom-
binase or an adult stem cell said expression vector
is prepared as a pharmaceutical composition for the
reduction of the viral load in the subject; otherwise
sequences with homology of at least 30 % to the left
half-site and the right half-site sequences of known
target sites of a recombinase, wherein the homologous
sequences are separated by a suitable spacer of 5-12
nucleotides, are identified and termed “asymmetric
target sequence”;

(d) performing steps (b) to (1) of the aforementioned
method for préparing an exzxpression vector for prepar-
ing an expression vector encoding a tailored recom-—
binase specifically recombining the asymmetric target
sequence identified within the LTR of proviral DNA;
and

(e) preparing the expression vector obtained in step (d),
a protein or a fusion protein expressed from said ex-
pression vector or a stem cell transfected or in-
fected with said expression vector as a pharmaceuti-
cal composition for the reduction of the viral load

in the subject.



WO 2008/ 083931PCT/ EP2008/ 000021 69 p3Tre was generated by ligating
the Tre cDNA (SEQ ID NO 2) between the Hindlll and BanH site of

pcDNA3. T 9%0@,%599 PNLT2AenvPuro is a derivative of the Rz d00021
proviral Bﬁl% Gen-glank accessi on nunmbgr ML9921) and vvas%const rlﬁct ed

by converting the respective NL4-3 LTR sequences by PCR into the

/ oXLTR sequence of HI V-1 TZB0003. Subsequently, a 537 bp fragnent
within the env gene (nucleotide position 6712 to 7249) was del et ed.
Finally, the nef coding sequence was replaced by the puronycin

resi stance gene. The vector expressing the envel ope gl ycoprotein of
vesi cul ar stomatitis virus, pCW-VSV-G has been described (BsyER et
al ., 2002)In BxermplreethoGerfertatiloredf rgcembiorsd Fecprdiitkese for use in

recogni si ng, a{}-d: LEGQEPI Br LNG.R0.ASYDHREL g‘%%ﬁt Seauence M thifoc-
the LTR of HI V-1 1. Determ n%tai on of ‘(J:andﬂllg] te asyr?mstrlc tlé(get c
sequences thensttdet tive soeshidticohlpr beebwrdd Lol deTRmMbégaeApes ef etar—
scanned TifSt JOf,.3-889U@NEG WM LD mev.Lsar-l{Fy Oc'tert]\% Ganonkg ;&/0%?1;11
site. Thedé: os_ee(r%{uge((q:uence beFongsr?o t eﬂl_ R%af the pri mary i i
strain TZBOOOBi¢Bi AEkake eteqiencel9g@)esndsi Sopadt watthins thred JITR oFy-
U3 reg on LrSIencE Qf%%:'ltbhgnr'f%ggy#] s.'e?szga f%;:%lfrgitggestgflgéed %o JE)e—
transcription tnitiation 1s +I). e selected /oxLTr site is a 34 bp
asymet ri ccadguence shetifias SOPemience rsieti | saduepceo diox®P wbepific
four m S”a}eg!}%%'&u the; 121 108! SR ssa3iiXyl NeddiRynils@Nt Sl EABNL808h &
conpl etely it erent s:bacer ?see I gure EA). J];G‘g effiEnces
within the proviral DNA of other retroviruses and will thus be
less or even not efficient in excising other proviral DNAs
than those it was tailored for. However, to address this prob-
lem and to provide individually tailored recombinases for
treating the retroviral infection of basically each subject,
the present inventors provide an iIn vitro method allowing op-
timisation of the efficacy of a recombinase to be administered
by selecting or tailoring a recombinase that will specifically
recognise a target sequence within the individual proviral ge-

nome a subject is infected with.

In step (a) of the in vitro method of the invention of opti-
mising the treatment of a retroviral infection the nucleic
acid sequence of retroviral DNA present in a blood sample of a
patient is determined. In this first step the retrovirus the
patient is infected with is preferably determined by DNA se-
quencing using chain-terminating inhibitors ({Sanger et al.,
1877) of the genome of the wviral particles within the blood
sample obtained from the patient. Other means well known to
the skilled person providing infeormation on the sequerice of

the retrovirus may also be used.



WD 2008/ 083931PCT/ EP2008/ 000021 70 II. Exami nation of the /oxLTR
sequence in substrate linked directed protein evolution in E. coil

The /[ oxLT was exam ned in substrate |inked di ein
evol uti on%é(gg@g@é(}??bed (BucHuou & STEWART, 2001) (see 2?2@@9@’%@13).

690 base pairs fragnments containing an Ndel restriction site flanked

by /oxLTR sites were generated by PCR using the foll ow ng

ol i gonucl eoti des using the plasm d pEVO | oxP (BucHuom & STEWART,

2001) as the tenplate.: Priner sequences for /oxLTR

5' - ATGAGATCTACAACATCCTATTACACCCTATATGCCAACAT GGAAGCTTGCATGCCTGCAGATCGA

G3 (SEQID NO: 4) and

I5D TTGAGA;EGT ACAACATBCCEAT ARSCGAACGATEET GeAACT GEAECGER T GETASTGA- @Ot H1SEQ
NO : 5), Priner quences_ for XLTRL: . .

51 - ATGAGAHET A RRCATOL T AT TR AT ARKT AR GRS AR AT e BRI REA TS

G 3' (SEQwhRchNO spéjifdr@lly tailored recombinases have already been

5' - TTGAGATCTACAACATCCTATTACA! AAATACCAT GTTGTTCCAACTGT ACCERT TRT TAGTG

A3 (SEQﬂrﬁpﬁéegA7$%?i REFTS qb%nE%EPG%A“r‘e%ro%Tﬁél:“g i

5' - ATGAGA TR ECCADES d CGCRATRACACERT AFATCCEANEAT CLAAGCTGEAT GCCTGCAGATCGA

G3 (SEQID NO: 8) and

5' - TTGAGATCTCCATGI TGGCATAACACCCTATATGCCAACATGGT CGAACTGTACCGGT TGTTAGT G

A-3' (SEQIfD @ :1.®) of the virus particles found in the blood sample

comprise at least one sequence corresponding to a known asym-
metric target sequence for which a tailored recombinase al-
ready exists, then a compound selected from the group consist-
ing of an expression vector comprising the nucleic acid of the
tailored recombinase specifically recognising said known re-
combination site, said tailored recombinase, a fusion protein
comprising the amino acid sequence of said tailored recombin-
ase or an adult stem cell transfected of infected with the ex-
pression vector as defined above is prepared as a pharmaceuti-
cal composition for the reduction of the viral load in the pa-
tient. This allows a fast and individual treatment of the spe-

cific retroviral infection with an efficient recombinase.

However, if no such tailored recombinase has been prepared be-
fore, in step (c) the LTR sequence of the wvirus particles
found in the blood sample is used for identifying sequences
therein with homology of at least 30 % to the left half-site
and the right half-site sequences of known target sites of a
recombinase, wherein the homologous sequences are separated by
a spacer of 5-12 nucleotides. As above, such homologous se-
quences are termed “asymmetric target sequence”. The detailed
description provided above for step (a) of the method for pre-
paring an expression vector encoding a tailored recombinase

also applies here.



Primer sequences for /oxLTRla:
5' - ATGAGATCTACAACATCGTATAACACCCTATATACGATGT TGTAAGCT TGCATGCCTGCAGATCGA

3 3ITTg&?@i@@ﬂﬁ&c&%%@mmm%g@TGTTGTTCGAACTG?X@@&??%’??WAGTG

A—3 (SEQ ID NO : 11) Prinmer sequences for /oxLTRlb: WO

2008/ 083931PCT/ EP2008/ 000021 71

5' - ATGAGATCTATAACTTCCTATTACACCCTAAATAGGAAGT TATAAGCT TGCATGCCTGCAGATCGA
G3 (SEQIDNO: 12) and

5' - TTGAGATCTATAACTTCCTATTAOACCOTAAATAGGAAGT TATTCGAACTGTACCGGT TGTTAGT G
A-3" (SEQ ID NO: 13) Primer sequences for /oxLTR2a:

5' - ATGAGATCTCCATCTTCGTATAACACCCTATATACGAAGAT GGAAGCT TGCATGCCTGCAGATCGA
G 3" (SEQ

T ORGP B e A G KA RS P ECRAEP T ABAGEPT i ACTG

A—3' (SEQ iHe N@tisY Rrfi neremsedngnees sxprepokeTR2ector encoding a tai-

5 3AT%Egﬁ%%’*@%&ﬂé@m%q&%T%%%ACE@T%%H%@T%TW St

5' TTGAGAT@THME’E@@@AVAACACC@TF AINFECCAACTIIATFOGAACTEPACESST FHTNGETG

A-3' (SEQ | The PCR fr es
cl oned int oq[]ﬁe &vo rhfl o‘r%]l{ec?or | ges'F:egevm‘%%e%t%hetsgtg'lrréglé(aé]nz%lahL el
Cd ones werwitraln dateed.¥Rorof heheoreectvismyuehmmdisimgethdebpoodrepadple.

CAATAﬁ(II]}%gg%%ﬁggﬁgltggEg%égégg%io%B%fbg ﬁgggfngééghbinase recombining
the proviral DNA of the retrovirus the patient is suffering

from within a very short time.

The detailed description provided above for steps (b) to (1)
of the method for preparing an expression vector encoding a

tailored recombinase also applies here.

Finally, in step (e} of the in vitro method the obtained ex-
pression vector encoding a recombinase specifically recegnis-
ing and recombining the proviral DNA of the retrovirus the pa-
tient is infected with is prepared as a pharmaceutical compo-
sition for the reduction of the wviral leocad in said patient. In
this context, in a further embodiment the pharmaceutical com-
position preferably may comprise the individually tailored re-
combinase as a protein or a fusion protein expressed from the
expression vector or a stem cell transfected or infected with
said expression vector. In a more preferred embodiment the
pharmaceutical composition comprises an expressicn vector con-
taining nucleic acids encoeding the individually tailored re-

combinase.

The recombinase to which the method ©f directed molecular evo-

lution is applied to in the above described the in vitro



Starting libraries of reconbi nases cloned into the evolution vectors
pPEVO-/ oxl TR were generated by error prone PCR as described in
BUCHHOLZ (2001) . The evolution vector is ba

pBAD33 veﬁ’((?-r{ &m%’rll et al., 1995) ag&ﬁ contains two di ?’gg’tE?gxb"%’E@%%t ed
reconbi nase target sites (loxltrs). e plasm d al so contains the
araC pronoter allow ng arabinose inducible expression of the

reconbi nases and a chl oranpheni col resistance marker (Cm for

propagation in E. coli. The plasm d also offers conveni ent cloning of
t he reconbi nases using Bsr@ and Xbal sites flanking the reconbi nase
coding region. The li- braries were transferred into E. coli DH5a

celI's and mgiownl i s L8ndseui droul Bunﬂldenya?nh:agoratbﬂnﬁr@rrp‘man@rmohlaea@
concent raty on o288 a8 N9id 18 8YOLUL! QD YROI Al 982 GELOULESR) &

and Cre an archive or nutageni se the libraries were tes

2008/ 083931 teR2 038/d®A02 e 7 X rfeopgnésDmdi patsilaghatyi difyewsnt asym-—
descri bed UCH Z & STEWART 01) .. Rec i I a subs ent
PCR woul d n[q)ngcor uccljggé é:gftfﬁ%u%%%%zt&le et&qs%g??@%@%r} %gtei gﬂ‘R( ggegﬁ‘?gﬂéee
3). HowevesentCrprovdsalebNaas fhe khbiae ydémerded dno thec bwbbphegy hef the
/[ oxLTR sites _and nqg PR rod obt aj ne dat _
reflecti nga?ﬁf'ua eqztrﬁg atggﬁf%%t r%%gﬁm@§ﬁé Erxrg % |%}§1s&5%ﬁQ§§L%@§@él%%o{3vo
severe to Iesiudt may reeoabphatdono lal IreRmdparaei dribhesubsed-styafe tdve
asynmmetric et..sequen Loxl ATR To test el, i n

asymmetry %%P{%eedt)ar%é:toggl?fég%ﬁl J'arr setﬁl fseiqnegégoﬁﬁgﬁgf??%ngaﬁgﬁﬁ% y?o
t he ori gi ns¢qiendeTRitthigetheabTRpbf tthantmrawigagubdket sthifhevill require
pal i ndr om get. ,Si . oX| d.lo r t a I
Phe. orl o et eSSy 8 s Rk s Bhh e R p SRR 1Y, oy 1 OFea
hal f-site secpeniceser especyiVel yhusedet ondoy ntbreianreumado r epeatit sk

Figure 2A) mo}'gv‘f}/ﬁéyy ;’\'{}h%g;r /%(Lgﬂst?&% :tl HE@%dW?ESoxh?ﬁArﬁ) of Yecognises

reconbi nat1 on using e e or rary, no reco I nati on~“was
observed (dat asponeshionwn)ardencesqudreeemhatingnsclioset esmesceedonet ey

still too n e ting.{] ISpl tdMhtY, an
this, necesg?t %%%%!r}t teg F&F?Ee?ﬂsﬁ*%%%\é %]%e(lygéﬁT%lgﬁ%l%gxéf¥%¥ﬁ?/g. £
evenly di videferathie haiflisid emusedll ohsl ierddr mdcoimnpeds subsess, dif-

terned /OX%J¥Q§be¥O%£EB$P1tAQXEE?%@ta@%qh%ﬁEJ§2Qe&§§§ethgéee%élution

cycles to “change” the specificity of the recombinase (previ-
ously tailored to recognise a different target sequence) to
the target sequence within the LTR, thus saving time and al-

lowing a faster treatment of the retroviral infection.

In a preferred embodiment of the in vitro method the efficacy
of either the already existing tailored recombinase identified
in step (¢) of the in vitro or the recombinase specifically
tailored in step (d} is optionally tested in vitro with regard
to excising the proviral DNA of the retrovirus the patient
éubject is infected with. This testing is performed prior to

preparing said recombinases as pharmaceutical composition.

Testing of the efficacy of the recombinases is performed to

ensure that the respective recombinase recognises and recom-—



WD 2008/ 083931PCT/ EP2008/ 000021 73 |IV. Perform ng substrate |inked
protein evolution using the subsets of the asymmetric target sequence
/ oxl aR St I rari es of reconbinases cloned into

vectors pE&ééﬁ%Q%'gla PEVO- |l oxltrl b, 0pEVC}onItrZa a%g?mﬁ%ﬁ%
wer e generated as descri bed above (see Exanple 2.11) and were
i ndependently transferred into E. coil DH5a cells grown in LB liquid
cul ture containing chl oranpheni col at a concentration of 25gg/m . The
reconbi nase libraries at the start of evolution cycles (cyclel) were
i nduced with 200gg/ mL L-arabi nose and the arabi nose concentration was
| owered during the successive cycles until satisfactory reconbination
was achi evdgeat theMspeiunid Nndsgtnant i0-t4genlseqhehear absmose. mammal-
Plasmi d DNA isol.ated after each evol uti | e was_di gest ed wi

Ndet and reCoriiiise 100 g CafforiGed HHAF NG BRCLRCL 4 nannalian
reconbi nectdihe @y ui$ OReYEClcen 1ver evanptdflised MdAMatprT meeslPl CEM T

%ac%%%i-ége‘%gﬂp\ S agQﬁgJDO‘édyori#YélgoﬁfgbéR(Wblgséont aining |x

PCR buffer, 2501sM of each dNTP, 3nmM of MBCl2 and 1.5 units of BioTaq
DNA polynerase rdin

o the follo Py .ogr; n1 35 les of . .
denaturatl%ﬂ1%ﬂ E eFoPgébgna n?ﬁ§ﬁ|?ﬁy€5% 06@§t§§g 8?oﬁﬁgim%ﬁf
at 72C forlr%OStheThﬁ:eB@ReﬁtOdtﬂCb oj‘ettrhelterombf@(emhdrormoi *s\hlejqaitastrﬁej
produces a 7 kh band. Th|s P r.oduct vas , di geste srd a
Bbal and SiesRBd TRHCRPTIAS (Ho g SR Ared pEYOL P TRV (BT 1br S
next evol WectWon2@F8/H83931PET1EP20086000024combinases. This step alm

lows the construction of a collection of different tailored

r2b

recombinases each recognising specific target sequences dif-
ferent from that of the others. The growing number of tailored
recombinases within this collection increases the probability
that a tailored recombinase is available that reccgnise a tar-
get sequence closely related to sequences within the LTR se-
quence of proviral DNA a recombinase 1is reqguired for. Thus
with a growing number of recombinases in the collection the
likelihood that a wild-type recombinase has to be tailored in
a more time consuming method decreases, whereas the likelihood
increases that the faster generation (i.e. requiring less evo-
lution cycles) of a specifically tailored recombinase starting
from another more closely related tailored recombinase is pos-

sible.

In a final aspect the present invention 1s directed to a col-
lection of tailored recombinases, wherein the members of said
collection are each obtained by the methods of the present in-

vention.

Consequently, the collection of tailored recombinases of the

present invention preferably comprises expression vectors en-



74 tion cycle. The library was nmai ntai ned above 25000 i ndi vi dual
clones for all libraries. Cre reconbined only loxltrla at very | ow

level s (dat@.aelsskhown), reflecting its high target spggirkg,gq'oglymohn
' ed in Tow

contrast, expression of the nutageniged library result
reconbi nation activity at all /oxLTR subsets. Splitting the nutations
facilitated recognition by the Cre library, and hence served as a
starting point for subsequent directed evolution cycles. Reiterative
directed evolution cycles resulted in enrichment of the reconbi nase
libraries with functional candi dates (see Figure 2B). The nunber of
evol ution cycles required to obtain efficient reconbi nases for each
[/ oXLTR vardeeid ngettaeoreéderdaxibiRasabsebsctditita eveptualihy eéficrienton-
recombi natian.activity .of the.l,ibrar Eeg was t%ti’ ery drfegorm]gﬂ sSeUbSteé[iS—'
V. Pool i nd®fifHe 3 iBIAF s 548 SRESRIT Fi iG T8 3T | bW PECoMbI Hat ion
of the nextorkidgherosbbseieslart estotuhet herm aoiconbhanatvercitak s apprnmaching
woul d now al | ow r.ecaonbi nati on _of. the _next higher subsets, e _
libraries 1% aHfi%Be a%c&%tZaené: %lﬁﬁ, %raelgﬁé%?i \%F?}f‘bﬁ% Seespo%]%%(fraer?d ac
shuffl ed. dMAiskutdl doop EhatERrudD )prmasicarri ed out to reconbi ne
the obtained Cre nutants in vitro after each third evolution cycle
and al so to reconbi ne reconbi nase |ibraries of |ower subsets to
initiate ewolaitpeifeagatnshbdiiglert torl TRLiargen ift éde Brieeéhy, iDMA-
fragnents containing the reconbinase ne were. r.ando f.ra e(cjie‘g_y
soni cat i on” R} g Eo SpISPEGES 1 OF ge‘?ng%ru es W %%Orgﬂ%lu lscegé’[C)rclr?L%tasn s
pul se of f asdimg apéb@fDcdd gy tiadilSardf kerofyiomdBrsanSbe. eXheesonir ated-
fragments éolroso-ad:'coeo tggn g@tggpqy%%%%§}§gg/ OEIPZV(J)JQ@[/ %%OQS%:IOrZQ at tempera-
tures of at least -70°C. Storage of bacteria, proteins or vi-

ral vectors is carried out by methods well known in the art.

It will be obvious to the person skilled in the art that the
methods of the present invention described above comprise cycli-
cal processes, and aspects of each cycle or the whole cycle is

amenable to automation.

Brief description of the figures

Figure 1. Strategy of splitting up of asymmetric target se-
quences. The grey shaded arrows depict the inverted repeats of
a symmetric target site separated by a spacer sequence (black
bar). The numbers and letters within the asymmetric target
site represent nucleotides deviating from the homologous sym-
metric target site. The curved arrows represent the generation
of inverted repeats on the basis of a half-site sequence and a
spacer sequence. The grey shaded boﬁes in the target site in
the second and the third subset represent nucleotides from the

homologous symmetric target site replacing & deviating nucleo-



in size) were purified using the PCR purification kit (Q agen). To
reassenbl e the fragments, 2pg of the sonicated DNA was added to a

50p1 PCR r{}'@}(ﬁ)%ss?ﬁpl ified using the sanme pro- gram st g;la&l,%%o%m(lsee

Exanpl e 2 of this primerles ,PCR reaction product Wwas

as a tenmplate for the next PCRwth priners 21

(5' - TCTACTGITTCTCCATA-3', SEQ ID NGO 19) and P3 (5'-
GCCGATGAGAGAAGATT-3'; SEQ ID NO 21) in a 50pl PCR mix with the sane
cycling conditions. The shuffled library (final PCR product) was
digested with Bsr@ and Xbal and cloned back into the appropriate
pEVO vectors harbouring /oxLTRL and 1o0xLTR2, respectively. The

conbi nati eagef nmutakpessrfsemdhe did figlkentarhbhr aegesncesuid thhei ﬂilf-

synergistic effects and led to t nerat on of rec nases
now r econtsERERY/ SYPFRESafRY/ 53&1‘%5 8 F grt?F“e %Emrrjb t?%rf‘?%oggous

that an evekybiomegteategyahaaver shog thmugé'dlmiﬁﬁqremheaiiesmoa@ebe on
used to achieve a desired_ act V|ty

Pool of i brari, es and
A Shuf F PR LR Ol T BB haPrIN GForRL SiSTmRy  RoeLduER e
Wi thin thepllaEBmEHe | @XP sequessfeits coSysumdr i susidwitdeat ang ldundt foy
two Cre nononers. A_reconbi nase that. reconbi nes gy eod%% r| c tar et
S

site hencd®A§ELt SWEEGGni e PAFIHICES G &F9HH ° PR st

to test wirirhed.aabeeewbi fioses carsibe- ctgmﬂedet béqugﬂﬂcé;ubstmsﬂ% half-
linked protein evol uti ony (ii_.rs ess reconbi ng t he asynmef rd c];g L_LER_’
target sit%ete r?@quieﬁ‘lcﬁrl as Trom7 oL FRES n& ESQETQ? 762 &= Dooi B Kh
shuffl ed andeassapeackor ;resonbinalrvented tlepeevoeheomtaectom half-
har bour i ng51 t he as¥rmetr cal /oxLTR target sequence. Very |ow

r econbi nati gt EFPGIES Was detected in the first cycles that was
enriched for functional candidates in |ater cycles (see Figure 23),

dermnstrathj,lﬁ%[rt ha% %\D 200 /08333%3:2(:%? 008/ ggognl ggra nmnjtr()é)i ke-

t he target & Bréréq DY The site shect Tid

reconbi natdaaibih@aet t@Rget sites used during the combinatorial substrate
linked evolution process are depicted. The bases highlighted
in grey represent those different from loxP (SEQ ID NO: 35).
The left and right 13 bp sequences of loxlir was used to form
the palindromic 34 bp subsets loxltrl and loxltr2, respec-
tively. loxltrsla and 1b are derived from loxltrl and are
characterised by two half-site mutations, each corresponding
to the palindromic arms. loxltrs2a and 2b were derived from
loxltr?2 and are characterised by three half-site mutations,
each. (B) A summary of the 126 substrate linked directed evo-
lution cycles performed to obtain the Tre recombinase 1is
shown. The number of evolution cycles for each loxltr subset
is shown inside the arrows with the final cycle number shown
at +the arrowhead. The recombinase library activity of the
first and the last cycle of the target sites are shown as a
restriction analysis of plasmid DNA underneath the respective

targets {(BsrGI/Xbal digest at an L-arabinose induction of 200

pg/ml) . The unrecombined (upper band of 4.9 kb) and the recom-



After a total of 126 evolution cycles, the evolution process was
hal ted and i ndi vidual /oxLTR specific reconbi nases were exam ned for

their recqggbaﬁkﬁgglpropertles Fifty individual recongbqﬁ§§ﬁ W05

functional Iy analysed using restrictign analysis in E ata not
shown). The nost active reconbinase (termed Tre for LTR recorrbl nase)
_ showed efficient reconbination of the /oxLTR site with sone
residual activity for |oxP when tested in a | acZ based reporter assay
(see Figures 7A and B). To quantify the target specificity of Tre its
reconbi nation properties were exanmned in the evolution vectors of
all the /oxLTR subsets (see Figure 7C). As in the reporter assay, The
efficient IMNeelcqubivaedbam dOXLTR }s@qlﬁe:mcetraﬁ@adésplaayedliesi dual two
activity q onﬁ %see Fi ure 10, Tre al Q. ovved ef ficient

r econbi natlird‘r?ng o?fT?&ag Ind Fesr dbaiPaL IVI tyy on /oxLTR2, but no
reconbi nati on was observed on /oxLTRla, /oxLTRlb 1oxLTR1, and

I oxLTR2a (sge Fi g %)gv Thlg #for‘u’e r&abl & ége?cgedt %oﬂ%t BhOstrategy

consi der at'i (%}n’that re romthese su servatl on
confirns pread aws effohdengsxltmatsdearidet specorbimades iis msbgannedhaf¢er-

initial reg{ ?xatl on kn di r%@ 1%%\‘-0' Utl% % % '%5 %9%%%%?[)? aggg or and
cycles ( Al
MATSUMURA &rEIaIihNGTtGN 2<ﬂLr£hc]:l)y Videpe8¢gdengiergmbinaes®| vedrget sites
reconbi nas ed recBg‘o ses f&omhgll subset d {ox e
T 103 §§ %e%% C &éT%Q%%h of
se- WO 20 35T pErFERIO R BE003 °
the intervening region containing a unique Ndel restriction
site and successful candidates can be retrieved using PCR with
primers Pl (SEQ ID NO: 19) and P2 (SEQ ID NO: 20) after Ndel
digestion. The PCR results in a 1.7Kb band that can be used to
subclone back successful recombinases into the starting wvector
for the next cycle. Restriction digest of the plasmid pool
with Ndel ensures removal of unrecombined plasmids (not shown

in the figure) and hence eliminates non-functional recombin-

ases.

Figure 4. Mapping of mutations of evolved recombinases onto
Cre secondary structure. The appearances cf the mutations are
shown in the indicated colour code. 2Amino acid mutations ap-
pearing more than once add to the bar. Structural elements of
Cre are shown as bars for a-helices (A to N) and arrows for [-
sheets (1 to 5) based on the crystal structure of Cre recom-
binase. The catalytic tyrosine is denoted by "“Y”. The filled
triangles mark amino acids making specific contacts with DNA.
Hypervariable codons are indicated by the amino acid position

above the bars.

Figure 5. The‘amino acid sequence of the Tre recombinase (SEQ

ID NO: 3) is shown. The NLS sequence, added for nuclear local-



77 veal ed clustering of nmutations arising fromthe different subsets
that were conbi ned through the course of evol ution and conpl enent ed

by novel ¢lysishsei the higher subsets (see Figure 4 ?Eﬁ%;ﬁﬁgﬁm&%'
or

Table 1 shows amno acid mutations in,the sequenced reconbl hases

the indicated /oxltr subsets of evolved reconbi nases. The shaded

resi dues contact DNA in the Cre crystal structure. The hypervari abl e
resi dues (also displayed in Figure 5) are shown in bold letters for
bot h DNA contact and non-contact sites. K25E, D29G Al 27V, E138G
ML491, D341N M2B8A, W, V1251, |166T, &X29D, D232V &B2S, E150A, L171V,
V204A, 1320M N3D, V7L, K62R, 7U, E138G D329A D29A, V1451,
E262Q7S305R atidh6Adf Tre in mammalian cells is underlined. Mutations

highlighted in light grey and dark grey (AA 131, 244, 245, 259
and 262) depict DNA contact and non-contact residues based on
the Cre crystal structure, respectively. The amino acid number
corresponding to the Cre sequence and the mutation analysis

presented in Figure 3 is shown above the mutation.

Figure 6. Comparison of the lJoxltr seguence with other HIV-1
LTR sequences. A random selection of 27 HIV-1 LTR sequences
was aligned to the 34 bp loxltr sequence and the similarities
were calculated. The results are shown as percentage seguence
homology of loxltr versus all the respective LTRs in the 1i-
brary. The accession numbers of the HIV-1l LTR sedquences are

shown in the abscissa.

Figure 7. Activity of Tre recombinase in E. coli. (A) Sche-
matic representation of LacZ based reporter assay. Site spe-—
c¢ific recombination leads to the removal of the E. coli pro-
moter, resulting in ablation of LacZ expression. (B} Recombi-
nation specificity of Tre illustrated using the lac? based re-
porter excision plasmids. The different combinations of IoxP
or loxltr based reporter plasmids and recombinases used are
indicated. White colonies are produced as a result of the re-
moval of the promoter driving lacZ expression after recombina-
tion. (C) Activity of Tre recombinase on different target
sites after overnight culture at 50 pg/ml L-arabinose concen-
tration of plasmid DNA corresponding to the pEVO versions of
different target sites and Tre and digestion with BsrGI and
Xbal. The lower recombined band of 4.2 Kb 1is indicated as a

line with one triangle and the upper unrecombined band as a



S2T, N3K, L4S, N60S, MB7l, Rl 79G F239L, E2slti., D278G 13205 N30,
V7L, K62R, V204A, P234L, S305P N59T, 188V, 1166V, 11:74M Si 861,

S2141, P2 URA V7L, K62N, Al12V. R146C L161
0208R, 13:2‘3}!1’2%"?@%%%@'2(3 0341G V7L, 094L, 51080, E123K, %fg’ﬁ?‘)%%%’gﬂ,

N317T, 1320M V7L, C155R, E2-67d, N317T, 1320S N3D, V7L, S108C, D143N,
E2- 6-279, N317T,13205 N3D, V7L, 5114P, 01890, E264d, 13061 N3D, V7L,
S108C, D143N, E2452Q, N317T, 13205 L4l, V7L, K86 S108G E210K,
13205, D343E L5P, L14F, Q56R, Di 890, ML93A, L215Q 1320S 093A,
A112T, El 38G 01430, 02780, T316A V7L, Q4L, J3G A 27P, D153N,
Al78P, N319S N10OH, P1071, T253S, T316A, 1320S T6S, 021E, Q4L, L98I,

%?S:SGDZgé%&giﬁa%ﬁgérlQ%g%éﬁ Takb P41 019t e P08 taB254E, rP2dBKined
, , , , 0, 0198S, A231V T19M . QB5R_ E150V, GLI1E,
GLO8S, S25AEST38785 AT SASRT %owo@éﬁ“%gg,khw °PI57E, A2491,
R2590, E262-Cl, N317T, 1320S, T332A

Figure 8. Assay for transient recombinase activity in Hela
cells. (A) HeLa cells were co~ transfected with indicated re-
combinase and reporter plasmids (see Figure 6). The cells were
fixed and stained with X-gal 48 hours post transfection. Re-
combination deletes an intervening stop region and results in
activation of lacZ expression reflected by blue cells. (B)
Measurement of P-galactosidase activity in cell lysates of Hela
cells co-transfected with indicated recombinase and reporter
plasmids. The B-galactosidase activity is presented as a per-
centage of the enzyme activity of cells after parallel trans-

fection with the recombined forms of reporter plasmids pSVApaX

and pSVAloxltr. (C) Recombination mediated by Tre in a stable
loxltr Hela reporter cell line. The cell line was transfected
with mock, Cre and Tre expression vector and f-galactosidase
activity was measured in cell lysates 48 hours post transfec-
tion. (D} PCR detection of recombinaticn in the loxltr cell
line described in (C) after transfection with Cre and Tre ex-
pression vectors. The PCR products for the unrecombined and
recombined contreol plasmid (pSVloxltr and pSVAloxltr) and af-
ter transfection with Cre and Tre expression vectors are
shown. The lower recombined band is denoted with a line with
one triangle and the upper unrecombined band with a line with

two triangles. The length of the PCR products is indicated.

Figure 9. HIV-1 Tat transactivation assay in HelLa cells. (A)
Schematic diagram of the reporter vector pHIV/T2/LUC that con-
tains the loxltr sequence (denoted by a white triangle) within

the U3 region of the HIV~-1 HXB3 LTR. Another copy of the



V7L, R24H, Me8I, A36V, F3711, Dr3Y, Y77H, P107L, -A131-1), T206A,
E262A, WO 2008/ 083931PCT/ EP2008/ 000021 78 D2770, N3177, 13205 V7L,

VI6A, B0 106G, G208R, E262, 61, N3177, 13205 L,

6A, w&?g@gﬁigﬁmns QL 56K, A2491-, Q@55R R2590P9é§§€°3’7&‘{°°2\{7
N3177, 13205 N3D, V7L, MBOV, CB5P, SI°08G A2491, E262, A267G N3177,
13205

loxltr sequence, which is absent in the pHIV/T1/LUC control
vector, 1s located 3’ of the luciferase gene. The LTR promoter
encodes in its R region the Tat-responsive TAR region. Tat
transactivation is reflected by increased expression of fire-
fly luciferase. 11 and L2 denote the primer pair used for PCR
detection of recombination (black triangles). Recombination
via the loxltr sites will delete the luciferase coding region.
{(BY Relative HIV-1 LTR activity after transfection of Hela
cells with the control vector pHIV/T1/LUC in presence and ab-
sence of Tre. The firefly luciferase activity was measured
from the respective transfected cell lysates at 48 hours post
transfection. The activities were corrected for transfection
efficiency by using a lacZ vector as an internal control and
measuring the PB-galactosidase activity from the cell lysates.
(C) Relative HIV-1 LTR activity after Hela cells were trans-
fected with the pHIV/T2/LUC vector in presence and absence of
Tre. Cell lysates were assayed as before. (D) PCR detection of
Tre-mediated recombination in Hela cells transiently cotrans-
fected with Tat expression plasmid and the indicated vectors.
The lower band of 756 bp represents the recombined fragment
after loss of the luciferase coding region and is only detect-
able in cells transfected with pHIV/T2/LUC and Tre expression

vector.

Figure 10. Tre-mediated recombination of BHIV-1 proviral DNA.
(A) Schematic diagram of the NLT2AenvPuro provirus. The loxltr
sequence located in the 5’ and 3’ LTR is depicted. The spacer
sequence is underlined. The nef coding region is substituted
by the puromycin resistance gene (light grey Dbox), and env-
specific sequences were deleted (A). Respective VSV-G pseudo-

types were used to infect Hela cells. (B) Detection of inte-



V7L, V16A, MOV, @@B5P,093C, -Q156K;; R259d, N317-1, 13205 V7L, VI16A,
MBOV, @B5P, S108G &08R, E262Ar 17111-77, 13205, G342W V7L, R24H,

MP81, A36 73Y, Y7711, P107L, A131V, T206A, E2
N3177,1322§§°§%Z}°i“?£%, V85A, AL, 51086, 0155R, GL9SS, %E%E@%g’@‘}’éa
N31711, 13205 V85A, 4L, S108G 01985’ D232E, , E2p2G V481, R500,

Q@4L, V230A, 52571, E262R N3177,13205 V23A, L75F, V85A, (Q4L, R101Q
S108G &230A, E26211, N3177, 13205

grated provirus (HIV-1 gag; upper diagram) and recombination
of the 5’ and 3 LTR region (5’/3°LTR; lower diagram) by quan-
titative real-time PCR of total genomic DNA isolated from the
infected and either Tre expressing (Tre) or Tre~deficient
{control) cells at week 4, 6, 8 and 10 posttransfection. Each
sample was examined in triplicates. (C) Analysis of virus par-
ticle release and cell viabilities. Antigen p24Gag levels in
the culture supernatants were determined by ELISA (upper dia-
gram)} at the indicated weeks posttransfection. The percentage
of inhibition of viral replication within the Tre expressing
culture, compared to the control cells, is shown. Cell wviabil-
ities were simultaneocusly monitored by alamarBlue assay (lower
diagram). (D) Detection of Gag expressing cells (light grey
label) by indirect immunofluorescence in the control culture
(Control) at week 4, or in the Tre expressing culture at week
4, 6, 8, and 12 posttransfection. Incubation of control cells
with the CyZ-coupled secondary antibody alone served as nega-
tive staining control (NC). Nuclei were visualised by DRAQS

staining (dark label).

Figure 11. Tre expressing cells are sensitive to puromycin.
Cells from week 8 posttransfection of the Tre-deficient (Con-
trol) or Tre expressing (Tre) culture were exposed to 0.5
pg/ml puromycin and meonitored over time for cell wviability by

alamarBlue assay.

The present invention will be explained in further detail by

way of Examples.



V7L, Q@H, N OS, V23A, D29E, R34H, K62E, 175F, V85A, Q4L, 5108G,
L164P, T206A, F239L, V247A, E26211, N317T, 13205 V85A, Q94L, 51080,
D153N, 01 , 1262G, N3177, 1320S V85A, 4L, 5

T206A, F2 ?"“Eﬁ%ﬁ',-mma N3177,1%§05 L75F, V85A, Qégf&”?’%%@éwl
01985, t2621,1, 02786, N3177, 1320S 161, V7L, V16A, R24C, MBOV, K57E,
693C, | 166V, 4245Y, -062aL (263R 1272V, N3177, 13205 M44T, S51L,
Y7711, 693C, P107L, N245Y, R2-5-fir% E2i 0263R N3D, V7L, V16A, QBSP,
K57E, Y77H, G93C, P107L, A131V, S147L, 1:1156K, N245Y R259y E262Q
&63R, N3177, 13205 V7L, V16A, V23A, MOV, '(7TH, G93C, P107L, I|$K,

R243G R259y, E262/5, @263R V7L, 693C, 9156K, Al7, E222G N245'4
R259y, E262d, (63R, N3177, 13205

Example 1

Recombinase expression and reporter plasmids

Various expression vectors were generated for the purpose of
the present invention using standard methods and synthetic

double-strand oligonucleotides or PCR technoloqgy.

Cre and Tre cDNAs were cloned into the wvector pIRESneo3 (Clon-
tech) utilising the NheI and BamHI restriction sites for ex-

pression in mammalian cells.

The multihost reporter vectors pSvpaX and pSvVloxltr are iden-
tical except for the directly repeated loxP or IoxLTR sites
flanking the pac region, respectively. pSVpaX has been previ-
ously described (Buchiorz et al., 1996). pSVloxltr was generated

from pSVpaX by replacing the loxP sites with loxLTR sequences.

The Tat-responsive reporter gene plasmid pHIV/T1/LUC was con-
structed by ligating the HIV-~1 HXB3 LTR between the Spel and
HindIII site, and the firefly luciferase gene between the
HindIiI and Xhol site of the eukaryotic expression vector
pcDNA3 {Invitrogen). Subsequently, the IloxLTR seguence of the
primary HIV-1 strain TZB00O03 (GenBank accession number
AF096641) was introduced into the HXB3 LTR by PCR. The plasmid
pHIV/T2/LUC was obtained by insertion of a double-stranded
loxLTR-encoding oligonucleotide 3’ of the luciferase gene be-
tween the XhoI and Apal sites of pHIV/T1/LUC. The HIV-1 Tat-

expressing vector pcTat, the parental vector pBCl2/CMV, and

the internal control vector pBCl2/CMV/BGal have been described
previously (MaLiM et al., 1988; Ruii et al., 1993). The vector



035P, Y7T7H, 093C ti f56K, ears% W250YLE2629, (263R, N3177, 13205 MS8I,
MBOV, @@B5P, '(7TH, 693C, A131V, N245Y, R259Y, E262Q 0263R K57E,

&@3C, flzﬁgﬁ%@é‘é@% E2620 &63R, N3177, 13205 V7L, @QCK@%QO%SIB(M&A

MBOV, 7H, P3C, Q4L, ? 31 1166V, K244R

R259Y, 121215 &63R, N3177, 13205. E%G, F37S, A84V, VB85A, 4L,
51086, K132N, [166V, g259y, 0281R, N3177,13205. L50, V7L, PI2S, L14S,
P15L, V23A, A80V, V85A, @Q4L, 51080, 01985, N245Y, R259Y, E262Q
&63R, 1268A, N3177,13205. 161, V7L, 09H, N10S, V23A, V385A, 4L,
K132N, 1166V Ki T5t" D232G N245Y, R259H E262d &63R, N3177, 13205.
NSOW Y77H, VB5A, (P4L, S108G N245Y, R259Y, E2620, 0263R, N317T,
13205. V7lp37@eHwaNl0Endimted WB5A1g@34hg 53886 re0LD8B, (NE24S5YD RRGIOH)

2000 O 01 NI L0208, Vi O 05 oy VI3 4200
@H, N OS,pNZ2AsniRBdHL VB85A, d€Pidiat iv&080, t KA 32N, 4-BLeG¢vAr4AT75BNA (Gen—
1225V, F1284a5n\£' al%:zc%sgllléh I;x%% o Q%?éﬁ) [\aBnld77Wals32c%§1$tructed by convert-
ing the respective NL4-3 LTR sequences by PCR into the IoxLTR
sequence of HIV-1 TZB0003. Subsequently, a 537 bp fragment
within the env gene (nucleotide position 6712 to 724%) was de-
leted. Finally, the nef coding sequence was replaced by the
puromycin resistance gene. The vector expressing the envelope

glycoprotein of wvesicular stomatitis wvirus, pCMV-VSV-G, has

been described (BEYER et al., 2002).

Example 2
Generation of a tailored recombinase recegnising and recombin-

ing an asymmetric target sequence within the LTR of HIV-1
I. Determination of candidate asymmetric target sequences

To start the evelution process HIV-1 LTR sequences were
scanned first for a sequence with similarity to the cancnical
loxP site. The chosen sequence belongs to the LTR of the pri-
mary HIV-1 strain TZB0O003 (BLackarp et al., 199%) and is part of
its modulatory U3 region (sequence position =262 to -229;
where the site of transcription initiation is +1). The se-
lected loxLTr site is a 34 bp asymmetric sequence that has 50%
sequence similarity to loxP with four mismatches in the left
element, six in the right element and a completely different

spacer (see Figure 2A).



WO 2008/ 083931PCT/ EP2008/ 000021 79 In total, Tre has 19 am no acid
changes when conpared to Oe, with many of these nutations
originati e different subsets (see Figure 5).

Char acterﬁg%%qﬂg'ﬁg% the Pre reconbi nage |. Reconbi natigal%?g}lpog?@?zels
of Tre in mammualian cells HelLa cells were cultured at 37C under 5%
CO>2 in DMVEM containing 100 units /m of penicillin and streptonycin
and suppl enented with 10% FCS unl ess stated otherw se. A puromycin
resistant pSVioxltr reporter cell line was obtained by transfection
of 2 x 106 cells with 8 jag of the reporter plasm d using Effectene
transfection reagent (Q agen) according to the manufacturer's

I nstructi gfs, Exenbwigeomn of whehldygigiRrisegueoagcim (ubmbredgehinkddhedi-

final stable ngété&rgiotein evolution in E. coli

The loxLTR seqguence was examined in substrate linked directed

protein evolution as described (BucHeornz & StewarT, 2001) (see

also Figure 3).

690 base pailrs fragments containing an Ndel restriction site
flanked by 1oxLTR sites were generated by PCR using the £fol-
lowing oligonucleotides using the plasmid pEVO-loxP (BUCHHOLZ &
Stewart, 2001) as the template.:

Primer sequences for loxLTR:

5" ~ATGAGATCTACAACATCCTATTACACCCTATATGCCARCATGGAAGCTTGCATGCCTGCAGATCGAG-3

(SEQ ID NO : 4) and 5'-TTGAGATCTACAACATCCTATATGCCAACATGGTCGAACTGTACCGGTTG-

TTAGTGA-3' (SEQ ID NO : 5)

Primer sequences for loxLTR1:

5" -ATGAGATCTACAACATCCTATTACACCCTARATAGGATGTTGTAAGCTTGCATGCCTGCAGATCGAG-31

(SEQ ID NO : 6} and 5'-TTGAGATCTACAARCATCCTATTACACCCTAAATAGGATGTTGTTCGAACTG—

TACCGGTTGTTAGTGA-3’ (SEQ ID NO : 7)

Primer sequences for 1l1oxLTRZ:

5’ -ATGAGATCTCCATGTTGGCATAACACCCTATATGCCARCATGGRAGCTTGCATGCCTGCAGATCGAG-31

(SEQ ID NO : 8) and 5’ ~TTGAGATCTCCATGTTGGCATAACACCCTATATGCCRACATGGTCGAACTG-

TACCGGTTGTTAGTGA-3’ (SEQ ID NO : 9)

Primer sequences for loxLTRla: .

S’ -ATGAGATCTACAACATCGTATAACACCCTATATACGATGTTGTAAGCTTGCATGCCTGCAGATCGAG-3!
(SEQ ID NO : 10} and 5'-TTPGAGATCTACRACATCGTATAACACCCTATATACGATGTTGTTCGAAC-
TGTACCGGTTGTTAGTGA-3' ({SEQ ID NO : 11) .

Primer sequences for loxLTR1b:



was grown in presence of 3gg/ml of puronycin. HelLa cells were
cotransfected with reconbi nase expression- and reporter plasmds in a

1:2 ratio - format using Effectene (Q agen). A 699
of DNA vvaswﬁé@ 3%] transfections. Parallel transfecti g%@k\%ﬁq{oﬁfﬁoogzl

recombi ned version of the reporter plasmds were carried out to
cal cul ate the percentage of reconbined reporter plasm ds. Reconbi nase
activity was eval uated 48 hours post transfection by assaying
rel ati ve P-gal actosi dase activities 48 hours post transfection using
the Tropix Galacto-Light kit (Applied Bio- WO
2008/ 083931PCT/ EP2008/ 000021 80 systens, Bedford, MA) according to
manuf act uBsEriTSAGHTOTATAT TTCBINT BF(RGCCTRRATAGERRI T LA TIRGCE TRASHEACHRICE - PBS ' 48
hours postitf@ansf @ct i oy apd §i-xedextcrir2%foor nekcehytessredaETidoTCCRA-
gl utaral d%?%’ﬂ%%}%ﬂﬁéf&a‘-ﬁsqud"%mooz §%friton-X 100 and stained

W t i

overni ght a stalning solution containing Iny/m X-gal, 2nM
MyC 2, 5mM pot assium ferricyani de and 5mM pot assi um ferrocyani de.
Reconbi nattr orere$dauencenciogsioxefRZacorrected for total protein content

in the celst-ArssatreranastcethThycaBEA pAOLeANIABSSAY TREAATECRITECGRTCCRG-3"
Rockford, ki) .ip wo : 14) and 5’ -TTGAGATCTCCATCTTCGTATAACACCCTATATACGAAGATGGTCGAACT-
GTACCGGTTGTTAGTGA-3’ (SEQ ID NO : 15)

Primer sequences for loxLTR2b:

5/ -ATGAGATCTATAAGTPGGCATAACACCCTATATGCCAACTTATAAGCTTGCATGCCTGCAGATCGAG-3!
(SEQ ID NO : 16) and 5'-TTGAGATCTATAAGTTGGCATAACACCCTATATGCCAACTTATTCGAACT-
GTACCGGTTGTTAGTGA-3' (SEQ ID NO : 17

The PCR fragments were digested with Bglll and cloned into the
evolution vector digested with the same enzyme. Clones were
validated for the <correct sequence using the primer 5'-

CAATAACCCTGATARATG-3" (SEQ ID NO: 18) by sequencing.

Starting libraries of recombinases cloned into the evolution
vectors pEVO-loxLTR were generated by error prone PCR as de-
scribed in BucHHoLz & Stewarr (2001). The evolution vector is
based on the pBAD33 vector (Guzman et al., 1995} and contains
two directly repeated recombinase target sites (loxltrs). The
plasmid also contains the araC promoter allowing arabinose in-
ducible exéression of the recombinases and a chloramphenicol
resistance marker (Cm) for propagation in E. coli. The plasmid
also offers convenient cloning of the recombinases using BsrGI
and Xbal sites flanking the recombinase coding region. The li-
braries were transferred into E. coli DHSo cells and grown in
LB liguid culture containing chloramphenicol at & concentra-
tion of 25ug/ml. Using the evolution vector (see Figure 3) and

Cre an archive of mutagenised Cre the libraries were tested



As in the E. coli assays, Cre efficiently reconbined the /oxP
reporter, but did not reconbine /oxLTR and Tre showed efficient

r econbi na%gﬂl??/gssgﬂe / oXLTR reporter and sone residual @f/ib%b&%

| oxP (see and B). To investigate whether Tre can reconbine
its target in a genom c context, a stable /oxLTR reporter cell line
was tested for reconbination after transfection with a Tre expression
pl asm d. The /oxLTR stable cell |ine was generated by puronycin
selection (211g/ m) of HelLa cells transfected with the pSV oxltr

pl asm d. For the reconbination assay, this cell line was transfected

with 0.8 lig either nock, Cre or Tre plasm ds using Effectene in
6-wel | fofeat rerPmpssayednf orc-ydlvackdsiddaseibedi viRUFEOLLE hobfegaRT,
post tran§fog§5| on using the Galacto-Light kit (Applied Biosystens,
Bedford, MA). The P-gal act osi dase activities were corrected for
transfection efficiencies by nmeasurenent renilla |uciferase

act i viti eg lpniehldosales. - HERARIAY SANG R0aAELARE1ase 80tV iha

measur enent s em)nstrat e reco i nes / LTR sequences
packaged irgféRroimd i rRqI@dnBitgane (8€: anthuPe 3)\WoHowever, Cre, as well

2008/ 0839%35P%ZEE’ZQ?%%QOP&%%&%OF%CBH&RQ%@Sfc}é&whhgléé’g( LR Hel-aber

cell line was trans ed wth respective reconbi nase expression
vect ors ugirrguEtf eeisermRtaimenst édatad oet | shagne, wasiédchtrh PRBSt aftther

48 hours, _a%g?%nle%cfséﬂi Sefk o Q%ESDM YaRL 458 Al @ UShOg- L A JNA

Bl ood m ni agen) according to the manufacturer's instructions.
CGenoni ¢ DNA ¢S¢ombingisicanal ysed for reconbination using priners P

(5" - GCCTCGGCCTAGGAACAGT 3' SEQ ID NO 22) and P" (5'-
CCGCCACATATCCTGATCTT- 3 Q ID NO 23) using the PCR programw th 30
cycl es of IJanaPrerataiion F5CIRset30LE dihe FEATRETAE §2EI¢Hr saPience
and el ongati onj;girsC for 40s in a

To test whether removing the asymmetry of the target site
would result in recombination activity, the original IoxLTR
target was split into two subsets. The palindromic target
sites, loxltrl and loxltr2 were created based on the original
asymmetric loxLTR sequence, with the left and right half-site
sequences respectively used to form an inverted repeat (see
Figure 2A). However, when IoxLTRl1 and 1oxLTR2 were tested for
recombination using either Cre or the library, no recombina-
tion was observed {data not shown). Hence, the mutations in
these sites were still too many for the starting library to
display any activity, and this necessitated the further split-
ting of 1oxLTR1 and IoxLTR2 by evenly dividing the half-site
mutations to form four new subsets, termed loxLTRla, JloxLTRlb,

loxLTRZa and loxLTRZb (see Figure ZA).



5411 PCR reaction containing 1X PCR buffer, 25011M of each dNTP, 3nmM
of MyCl2 and 1.5units of Bi oTaq DNA pol ynmerase. The PCR products were
vi sual i se % agarose gel. |1. Exam nation of Tres i FZ

r econbi nas?uggoo?/rq%s) 1e HI'V-1 LTR context H 'V Tat reporte?gg@%ﬁ)%@ s1
were generated and tested in Tat assays (see Figure 9). The Tat
protein is an essential viral transactivator that regulates HV LTR
pronoter-directed transcription (EnsmAN & MALIim 1998). For
subsequent anal yses the | oxLTR sequence was i ntroduced in an

Hl V-1 uci ferase reporter vector (pH V/ T1/LUC, control vector) within
the HHV-1 HXB3 LTR (RunER et al., 1985). In addition, another copy of
the /oxLTR sequence was inserted 3" of the luciferase coding sequence

to ge“eratﬁr.PHbé/é%%m&tR{g (SgRiGhed 14 i

transactivationr

];hl“@rqlmtion using the

tﬁi
in expression of firefly luciferase driven by

the LTR pronot exbsets nds dheeasynre trigD L2008 08SPITET/IEMR2IB8/ 000021
82 For transient Tat transactivation assays, HelLa cells were
transfected in 12 well format using Effectene transfection reagent

(Q agen).

SHeetingndfibcaroms nbR cenpabheas<s 16ldnqp into the evolution
vectors pEVO-loxltrla, pEVO-loxltrlb, pEVO-loxltrZa, and pEVO-

loxltr2b were generated as described above (see Example 2.II)

and were independently transferred into E. coli DHSa cells

grown in LB 1liquid culture containing chloramphenicel at a

concentration of 25pg/ml.

The recombinase libraries at the start of evolution cycles

{cyclel) were induced with 200pg/ml L-arabinose and the arabi-
nose concentration was lowered during the successive cycles

until satisfactory recombination was achieved at a minimum in-

duction (0-5ug/ml) of L-arabinose.

Plasmid DNA isolated after each evolution cycle was digested
with Ndel and recombinase coding sequences that had success-—
fully recombined the evolution vector were amplified with

primers Pl (5'~TCTACTGTITTCTCCATA~3'; BSEQ ID NO: 19) and P2
(5 - TGTCGCCCTTATTCCCT-3’; SEQ ID NO: 20) in a 50pul PCR mix
containing 1X PCR buffer, 250uM of each dNTP, 3mM of MgCl: and
1.5 units of BioTag DNA polymerase according to the following
program: 35 cycles of denaturation at 94°C for 60s; annealing
at 55°C for 60s and elongation at 72°C for 90s. The PCR product
of the recombined form of the plasmid produces a 1.7 kb band.

This PCR product was digested with BszrGl and Xbal and subcloned

back into the appropriate pEVO~LTR vectors for the next evolu-



H V/ T2/ LUC or HIV/ Tl /LUC expressing firefly luciferase, 0.16 1.1.g of
pl res-neo-Tre reconbi nase vector or the enpty vector as negative

control, (?? ookaGesf the Tat vector or pcDNA3 as negat ll,g;f. 9%5/50@!}2];““

Tat. The celfs were | ysed 48 hours pogt transfection and assaye
firefly luciferase activity by using Firefly and Renilla luciferase
assay kit (Biotium Inc., Hayward, CA). The activities were corrected
for transfection efficiency by using a |lacZ vector as an internal
control and neasuring the P-gal actosi dase activity fromthe cell

| ysates. When Hela cells were cotransfected with a Tre expression
vector along with the Tat vector and pH V/ T2/ LUC, a three-fold

decr ease |tnOPu@|Yf3é?asé"hactlFbF@yY WSS ofbasJe'rﬁPédle(is@é’OFPgé’ﬁ@O@C}ndJrWdual
contrast, Ng,deckgase i nlycifigrase expression was detected when the
sane experiment was perfor rred using the pH V/ T1/LUC control (see
Figure 9B). To prove that the observed decrease in |uciferase

expr essi o \asy & dsHd 0$niyec%§l9§£zi ogrand Mot 9 BLoekingdhhs Tl

activity or transcription fromthe LTR pronotér by the reconbi nase,
PCR anal ysihowRas pefflerhvdy assayiial ffergeecsrBraat ¢y upbh FaRtTast,

transacti ;%%Jrggsg§§eofl O EndAgenRCB 2L YSES @sxfl‘%‘é@”@h”%é«oﬂe@&nﬁl

Tat trans I vati on assay was carrl ed out on DNA isolated from HelLa
cel | s tramsftéenredcihi vhty het B\ rkpdfResvbeetdr sSSP Yhicgehbe Brtations

absence O%QEHQlEQEQEbkgéég?lﬁﬁhpgﬁfrEﬂ@rérél1i§rary, and hence served
GAAGGTGGEGT TTTCCAGICA- 3 24) and L2 (5

AGGGAAGAAAGCRABTAGHT POSEQ |f9rN@1bswez€108%mgf1P@VPEp2m19mm

83 25) emﬂe%ﬁ'e@gtibé B@@e@&@&r%%%Efb@oc%!?ésesr@@uﬂ@é@t%aEhQBc}%ﬁent
95C for 30s, annealing at 60C for 30s, and el ongation at
of the recombinase libraries with functiconal candidates (see

Figure 2B). The number of evoluticon cycles required to cbtain
efficient recombinases for each IloxLTR varied between the
loxL TR subsets, but eventually efficient recombination activ-

ity of the libraries was observed for all subsets.

V. Pooling of the libraries and DNA shuffling to allow recom-
bination of the next higher subset

To test whether a combinatorial approach would now allow re-
combination of the next higher subsets, the libraries la and

‘1b, and 2a and 2b, respectively, were pooled and shuffled.

DNA shuffling (STtemMMer, 1994) was carried out to recombine the
obtained Cre mutants in vitro after each third evolution cycle
and also to recombine recombinase libraries of lower subsets
to initiate evolution against higher IoxLTR target sites.
Briefly, DNA fragments containing the recombinase gene were
randomly fragmented by sonication using 12% amplitude for 5
minutes with 30s pulse on and 5s pulse off using a 450-D Digi-

tal Sonifier from Branson. The sconicated fragments (100-400 bp



72C for 40s in a 254 PCR reaction containing 1X PCR buffer, 2501.1. M
of each dNTP, 3mM of MgQ 2 and 1.5units of BioTaq DNA pol ynerase. The

PCR produg}s.ne i sual ised on a 0.7% agarose gel. Th ts
were gel ex %a0@§@¥‘purified using Gef extraction kit ?8?§§gﬁ§&§n

used for sequencing. Reconbination results in a band size of 756 bp
due to renoval of the luciferase coding sequence, while in absence of
reconbi nation the band size is 2.7 kb. PCR on cells transfected with
the pH V/ T1/ LUC vector, containing just one /oxLTR site, produced
only the 2.7 kb band both in presence and absence of Tre. In
contrast, PCR on cells transfected with the pH V/ T2/ LUC vector

pr edoni nanitd y dizepl ayedet heukdieed bansti nadlenvest B8R npurhdicahgon kit

reduction of Tat activation was due to Tre nediated i Si f th
| uci f er ase!@3g&a] t eT? s‘é‘aeaslfleﬁgﬁg §E53. %@?me&&sl’a {7 g%f g&CeIi %Iec’%g{:,‘%ted brua

fragments Jaf@ |oped By seqgugncibpe GoRf hhdegnihe iREEGsS8gEXBESkaRe Obro-
the /oxLTR fl anked sequence (data not shown). Exanple 4 Excision of a
f lﬁl| | - si ze qyaovigtsseky amaviee (@erofxaplll - IV n- 3pkcbéd thamamprésklksess
The capability of Tre to excise_a full-size provi e o]

of VLT bt iR T Fb A8 SRS Aeas TaprLate HOPMEhOCnERRORE:
2008/ 083934iRET/xPR2@08/ 002’ ~-TCTACTGTTTCTCCATA-3’, SEQ ID NO: 18) and

P3 (5’ - GCGGATGAGAGAAGATT-3/; SEQ ID NO: 21) in a 50ul PCR mix
with the same cycling conditions. The shuffled library (final
PCR product) was digested with BsrGI and Xbal and cloned back
into the appropriate PpEVO vectors harbouring IloxLTRl and
1loxLTR2, respectively. The combination of mutations from the
different libraries resulted in synergistic effects and led to
the generation of recombinases, which now recombined loxLTR1
and loxLTR2 (see Figure 2B), demonstrating that an evolution
strateqy traversing through intermediates can be used to

achieve a desired activity.

VI. Pooling of the libraries and DNA shuffling to allow recom-
bination of the asymmetric target site within the LTR

The loxP sequence is a symmetric site that is bound by two Cre
monomers. A recombinase that recombines an asymmetric target
site hence has to recognise half-sites of varying sequence. In
order to test whether a recombinase can be obtained through
substrate linked protein evolution address recombining the
asymmetrical IoxLTR ﬁarget site, the 1libraries from‘ 1oxLTR1
and loxLTR2 were pooled and shuffled and assayed for recombi-
nation in the evolution vector harbouring the asymmetrical
loxLTR target sequence. Very low recombination activity was
detected in the first cycles that was enriched for functional

candidates in later cycles (see Figure 2B), demonstrating that



84 / oxLTR sequence in its 5 and 3' LTR (depicted in Figure 10A). In
this construct, the net reading frame, which is dispensable for virus
repli cati I culture, was substituted by the pu |

resi stance 5@3}6&]?# addition, the i nctease in total gekgﬁ%ﬁg%o@?{&({owlms
conpensat ed by del etion of env- speC|f| c sequences. Viral pseudotypes
were produced by transient cotransfection of 293T cells with this
proviral DNA and an expression vector encodi ng the vesicul ar
stomatitis virus envel ope glycoprotein (VSV-G. Briefly, the H V-1
pseudot ypes were produced by transient cotransfection of 1 x 106 293T
cells with 3 pg pNLT2AenvPuro and 3 pg pCW-VSV-G in Opti MEM |

(I'nvi trogesymmetti-hout Eing ittrimeitcsslmei mg dopl a poteretduilsenentoe (HREIsitk

ng/ M) accordi, Eg to éh a ulf acg:ggcer S prot ocol (Polysciences, Inc.).
At day 2 P&t ﬁsf%? iral "§UpetHat ant was col | ected and passed
through 0.2 pm pore size fllters to ensure the renoval of any viral
aggregate nd cel | nd antl gen IeveI phas det er mi ned
ELISA (In ee§t E’Hﬁ?’st 49 []fzg OHnodénSPrcs bR, Syefutien Soldes

Subsequentuag, BaMetOSarkdeLande{risuaqullburtHd spe OIMEM ceetmme%%ere
fetal calf ser.um (Pans ste In-]p) nt ant i bi otltgs (pg illin, mdual
streptonyc ’ﬁm re °fn c‘?tled 5EROR %If‘ Wel Iprqpaetr By spi no%uﬁa?f%n

( O DoHERTyregtomdlinas200ye vé t hfdr&&ﬁomgiw Oén&hjﬁeﬂﬁeuﬂs&h}gpedevtrilstlon

t oget her vvlt g/m pol ybr ene rlch) at 1,200 x g for 90
nin at rodtt gﬁﬁ%ré’fure Cc}ﬁf\{) é%aﬁ% pos “rection the culture medium

was changed and cells were washed to renove free vi rus At 3 days
posti nf ect ceI cul t ure. was sup Ierrent d wi.th

on th
Poromyei n T Mt R iR R SRR RAER, FRe 0'eb P bR ebenninase)
f or anot heshoWwAB® 29@8/&83@3%5&59@@6%1@06621@5 .wmak$1tte selltéct s

cl one inf ect egi Vi 1rus, tIpar h;![f%rr Jod'&’s"f Sce%gted\/eglllug %%Zc%%%%%d re-

every second ay to e e dead ce fected Viru
parti cl e- redmeasi nagssaerl | saseriidures ttransfeciled &t feantifih ‘éi'lG}Z)l‘aFSHTJE{t

expre55|ng 175%53 Vn rtQﬁep%%%”E%Eoﬁﬂlﬁéﬁﬁo gﬁk%extqgghwgké examined

carrying tHe neorryc esi st ance "gene
neonyci n- riesitgteantvod ek Lopovkstasey e>fmamlt @hedleTR regpecs tleee Figure

reconbinasenaptﬂ f&/fygjrepgﬁiegrgggggione efficiently recombined the

l1oxLTR sequence and displayed residual activity on lox? (see
Figure 7C}. Tre also showed efficient recombination on
1oxLTR2b and residual activity on 1oxLTRZ2, but no recombina-
tion was observed on lIoxLTRla, loxLTRlb, IoxLTR1l, and loxLTRZa
(see Figure 7C). This is remarkable when taking into consid-
eration that Tre evolved from these subsets. This observation
confirms previous findings that target specificity is regained
after initial relaxation in directed evolution over ‘many gen-
eration cycles (BuciHoLz & STEwarRT, 2001; Sawroro & Sceurrz, 2002);

MarsoMura & Erpincton, 2001).
VII. Sequencing of evolved recombinases

Evolved recombinases fLfrom all subsets and IoxLTR were se-

guenced to monitor the evolution process. The sequences re-



Total genom c DNA was isolated frominfected HeLa cells using the
Blood & Cell Culture DNA Mdi kit (Quiagen) in accordance to the
manuf act ur‘féw%% pocol. Quantitative real-time PCR re¥,e§JE§900§/5@BZIt he
presence o gag- speci fic sequenges in the cellular geno
constantly declined over tinme in Tre expressing cells, as conpared to
control cells (see Figure 10B, upper diagran). Quantitative PCR
specific for HV-1 gag (gag-forward: 5'-ATCAATGAGGAAGCTGCAGAA-3' (SEQ
I D NO 26), gag-reverse: 5'-GATAGGTGGATTATGIGICAT-3' (SEQ ID NO 27),
gag- probe: 5'-FAM ATTGCACCAGGCCAGATGAGAGAA- TAMRA-3' (SEQ I D NO 28))
and 5' /3" LTR reconbi nation (LTR-forward: 5'-GATGGTGCTACAAGCTAGTAC- 3'
(SEQ I D N@eazsal c]_a'ﬁarxa\r@r o€ mbta CTGTCANACGTRCACTETAAE- 8L {SEDY BUKO
30), LTR-pr FAM AAGGAGAGAA T T A I

N0 31)) RAEpdIRGr 6 ac TN S T A0 Cci s CORCA i g S00 Ng
genom c DNAmpBQﬁethd Grywarosrefr cmasteﬁzﬁolmMﬁemmerpsuheetanbﬁe@O@l@M
hybri di sation, pro i ng,Platinum gPCR Super M x UDG (Invitrogen) in
an Applied*Bi 8592?%#%’?586'Fast Real - Ti me PCR System Each sanpl e was
tested in triplicates, and resul ts were normal i sed using

anplificatj noftesarre eno I _
5008/ 0830 3BT/ EpSO0HS 00BHSL Bo.% %ﬂé@’% %”B‘E’e 8RR HRomii
5' CTTAAT%@ETAA@AIH‘GTGT@TM& l(oSE@rI Bubieet 8295 4BGvegy gesembinases.

AW ACTFPACREAGT Cf CELT A ROTTRC: TARRA 3 o1 )EéeH%%%%Eggftmc Yer

10 weeks dafnec Ul gpenivagiabgag seqidnees (edabd dieplbpedietinctFéduany vor ere
This result was ¢l ose or ed m ATIS c

r econbi nat |thor&im i héoisg E{‘e £%¥S LTR wa 4 %O getﬂé@m %@g&%seeafﬁﬁlgg@g gont,aCt
| ower di agriands.. Furt her rmr e, cessatl on of particle budding, which was
tracked by determ ning p24Gag antigen levels in the culture
supernatants, occurred with a slightly delayed kinetic, resulting in
100% i nhi biskblen lof particle rel ease as conpared to the Tredeficient

control c%vglygdqeépnbmgg 12 (see Figure 10QnindRREMuEEREr @M . A
paral | el TEHOtUXTTITY T REBE, Bhada AR 79 Y366 IR 40I0B3ANL €C) Tal1ed 10
record anyiabre-i nduced {mmex UBHT ebsi1e6T, Getdouptay et abol i sm (see
Figure lOG,a 3l ower panel } G82S, E150A, L171V, V204A,1320M

1a.4 m»w

1a.5 N3D, V7L, K62R, M87[!, E138G, D329A

1a.6 D29A, V145l E262Q, S305P, T316A o

1a.7 S2T, N3K, L4S, NB0S, MO7I, R179G, F239L, E2620, D278G, 13205

1a.8 N3D, V7L, K62R, V204A, P234L, S305P

1b.1 N59T, 188V, 1166V, Ti74N), S186T, S2141, P234L, V24; 2A;i EZ62R

1b.2 V7L, K62N, A112V, ‘R146C, L161Q, F163L, G208R, R247P, E262G, D341G

1b.3 V7L, Q94L, $108G, E123K, N151T, T268A, N317T, 13200

1b.4 V7L, C155R, E262Q, N317T, 13208

1b.5 N3D, V7L, S108C, D143N, E2620 N317T, 13205

1b.6 N3D, V7L, S114P, D189G, E262C 1306T

16.7 N3D, VTL, $108C, D143N, E262Q, N317T, 13205

1b.8 L4l, V7L, K86R, S108G, E210K, 1320S, D343E

2a.1 L5P, L14F, Q186R, D189G, M193A, L215Q, 1320S

2a.2 G93A, A112T, E138G, D143G, D278G, T316A

2a.3 V7L, Q94L, Ri18G, A127P, D153N, A178P, N319S

2a4d N10H, P107I, T253S, T316A, 13208

2a.5 T6S, D21E, Q94L, L98), E138G, G198S, A231V

2a.6 T10M, Q35R, E150V, G191E, G198S, S254C, D278G

2a.7 T6S, D21E, Q94L, L.981, E138G, G198S, A231V

2a.8 T1gM, Q35R, E150V, G191E, G198S, $254C, D278G

2b.1 V7L, V16A, M30V, Q35P, N59S, A131V, D157E, A249T, R259C, E262Q,

N317T, 13208, T332A
2b.2 V7L, R24H, M28I, A38v, E370, D73Y, Y77H, P107L, A131V, T206A, E262K,




The visualisation of Gag expression by |aser scanning

I mmunof | uorescence m croscopy denonstrated the conpl ete di sappearance
of produc ected cells in the Tre-positive cul

(see Fi gurrwa%%) ph? or the indirect ingunofluorescence Hﬁ%@gﬂ)\ﬂﬁﬁooéil

H V-1 infected HeLa cells were grown on cover slips, washed W|th PBS
wi t hout Ca2. and Me- and subsequently fixed with 3% par af or mal dehyde
for 25 mn. Al incubation steps were carried out at anbient
tenperature. Following 10 mn incubation with 100 nM gl yci ne/ PBS,
cells were perneabilised in 0.1% Triton X-100/PBS for 4 m n and

I ncubated in 1% BSA/ PBS for 30 m n. Protei ns were stai ned in 1%

BSA/ PBS using primry apPi’BedidET. r'@é%

dilu- WO %908/ 083931P @g%g % %;;:g" AN
mouse mond&fonal antibo é‘gﬁg IAOVI w b {? 'é 33C, E262Q,

Vehrly, ALDS Research a 3 %n.ern@aoazsesa@@eﬁ ABrgqrgmﬁﬁ s 3i301Y, BbIRS,

NI Al D, NiHpsor rabbit ahviL; Crea, (120\6085R]1vraH, GosT), Of 66K, AB500) B2 620,041 DTVEa0S
by approprbdte secondar V W16AQ MBIV, RESRs 81086, GUAR, ERSEA, N34DIH1300S, G342W ____
ant i bodi e€b€bot h from : R4, IMﬁ%ﬁé@h@ﬁ?Lcé’ 3, YR, P17, I‘t]ﬂ"@ﬂz%“‘lgéﬁg‘“
coupled to Cy2. Nucl ei ?éGv'i@uBI 184 by DRAQG staining (dilution

1: 1000, Alexis Biochemcals) for 10 min. Cells were nounted in novi ol

nmedi um andveivalrgeembinasss Ng a Zei ss _LSM 51 0Advbe acid mgations canni.ng
m croscopd.1 I nteresting SFI\WéAr@Mm@J@%QHCéSﬁ Gﬂ_ﬁaﬁ%ﬁ@ﬁl Qﬂﬁ‘é@mﬂﬁ* 13208
puronycin @& week 8 was W%-d H\E WQS}%& 13 resul ted
I n severe 1'[30XI c effects % ﬁ@ 3\ §.|.t|:;'2“§
culture (sée Figure 11) obser atlo
Tre- nedi at’ed renoval of Yﬁe B?'bvﬁ’rl% Jéife B‘??é’odf‘?ﬁ‘ p’fn’?zgrrylc7sﬁ VBSA, Q94L,
resi stance (conmpare to FB§Ee L1649, T2080 FRBE/. 0B3981 BEH-PE008/ G6TE21
88 Referenge |ist V85A, Q94L, S108G, D153N, G198S, D232E, E262G, N317T, 13208
1.7 V85A, QO4L, S108G, [174M, T206A, F239L, E262A, D278G, N317T, 1320S
1.8 L75F, VB5A, Q94L, S108G, G198S, E262R, D278G, N317T, I1320S
2.1 T61, V7L, V16A, R24C, M30V, K57E, G93C, Q156K, 1166V, N245Y, R255Y,
E262Q, G263R, 1272V, N317T, 13208
2.2 M44T, S51L, Y7TH, G93C, P107L, N245Y, R253Y, E262Q, G263R.
2.3 N3D, V7L, V16A, Q35P, K57E, YT7H, G93C, P107L, A131V, S147L, Q156K,
N245Y, R259Y.E262Q, G263R, N317T, 13208
2.4 V7L, V16A, V23A, M30V, Y7TH, G93C, P107L, Q156K R243G, NZ45Y,
, R259Y, E2620,G263R. o o
25 V7L, G93C, Q156K, A1750, £2226G, NZ45Y, RZ59Y, E262Q, G263R, N317T,
13208
26 Q35P, Y77H, G93C, Q158K, N245Y, R259Y;, E262Q, G263R, N317T, 1320S
27 M28I, M30V, Q35P, Y7TH, G93C A131V N245Y, R259Y, E2620, G263R
2.8 K57E, G93C, N245Y, R259Y, E262Q, G263R, N317T, 1320S
Tre V7L, Q9H, N10S, V16A, M30V, Q35P, K43E, Y77TH, G93C, Q94L, AT3IT,
1166V, K244R, N245Y, R250Y, E262Q, G263R, N317T,13208.
Loxitr.1 E22G, F37S, AB4V, VB5A, Q94L, S108G, K132N, M6V, A175S, N245Y,
R258Y, Q281R, N317T, 1320S.
Loxitr.2 L5Q, V7L, P12S, L14S, P15L, V23A, AB0V, VB85A, Q94L, S108G, (G198S,
N245Y, R259Y, E262Q), G263R, T268A, N317T, 1320S. o
Loxitr.3 T6l, V7L, Q9H, N10S, V23A, V85A, Q94L, K132N, 1166V, AT758, D232G,
NZ45Y, R259H, £262Q, G263R, N317T, 1320S.
Loxitr.4 NSOW, YT7H, V85A, QI4L, S108G, N245Y, R253Y, E262Q, G263R, N317T,
13205.
Loxltr.5 V7L, Q9H, N10S, K57E, VBSA, Q94L, S108G, G198S, N245Y, R259H, E262Q,
G263R, Q281R, N317T, 1320S. o
Loxitr.6 V7L, Q9H, N10S, V23A, V85A, 188V, Q94L, S108G, M149l, 1166V, N245Y,
R259Y, E262Q, G263R, N317T, 1320S.
Loxltr.7 : V7L, Q9H, N10S, V23A, R34H, VB5A, Q94L, S108G, K132N, 1166V, AT75S,
1225V, N245Y, R259Y, E262Q, G263R, N317T, 13208,
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I. Recombination properties of Tre in mammalian cells

Hela cells were cultured at 37°C under 5% COZ in DMEM contain-
ing 100 units /ml of penicillin and streptomycin and supple-

mented with 10% FCS unless stated otherwise.

A puromycin resistant pSVloxltr reporter cell line was ob-
tained by transfection of 2 x 10° cells with 8 pg of the re-
porter plasmid using Effectene transfection reagent (Qiagen)
according to the manufacturer’s instructions, and selection

with 5pg/ml puromycin (Invivogen). The final stable cell line

was grown in presence of 3ug/ml of puromycin.

HelLa cells were cotransfected with recombinase expression- and
reporter plasmids in a 1:2 ratio in 6-well format using Effec-
tene (Qiagen). A total of 0.6pug of DNA was used for transfec-
tions. Parallel transfections with recombined version of the
reporter plasmids were carried out to calculate the percentage

of recombined reporter plasmids.

Recombinase activity was evaluated 48 hours post transfection
by assaying relative P-galactosidase activities 48 hours post

transfection using the Tropix Galacto-Light kit (Applied Bio-
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total protein content in the cell lysate measured by BCA pro-

tein assay kit (Pierce, Rockford, IL).

As in the E. coli assays, Cre efficiently reqombined the loxP
reporter, but did not recombine loxLTR and Tre showed effi-
cient recombination on the IoxLTR reporter and some residual
activity on loxP (see Figure 8A and B). To investigate whether
Tre can recombine its target in a genomic context, a stable
1loxLTR reporter cell line was tested for recombination after

transfection with a Tre expression plasmid.

The IoxLTR stable cell line was generated by puromycin selec-
tion (2ug/ml) of Hela cells transfected with the pSVlioxltr
plasmid. For the recombination assay, this cell line was
transfected with 0.8 ug either mock, Cre or Tre plasmids using
Effectene in 6-well format and assayed for P-galactosidase ac-
tivities 48 hours post transfection using the Galacto-Light
kit (Applied Biosystems, Bedford, MA). The B-galactosidase ac-

tivities were corrected for transfection efficiencies by meas-—

urement renilla luciferase activities in cell lysates.

PCR assays and f-galactosidase activity measurements demon-
strated that Tre recombines IoxLTR sequences packaged in chro-

matin (see Figure 8C and D).
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structions. Genomic DNA (3pg) was analysed for recombination
using primers P’ (5’- GCCTCGGCCTAGGAACAGT-3'; SEQ ID NO: 22)
and P” (5'~ CCGCCACATATCCTGATCTT-3"; SEQ ID NO: 23) using the
PCR program with 30 cycles of denaturation at 95°C for 30s: an-
nealing at 62°C for 30s, and elongation at 72°C for 40s in a

50pl PCR reaction containing 1X PCR buffer, 250uM of each dNTP,
3mM of MgCl; and 1.5units of BioTag DNA polymerase. The PCR

roducts were visualised on a 0.7% agarose gel.
P

II. Examination of Tre-mediated recombination in the HIV-1 LTR

context

HIV Tat reporter constructs were generated and tested in Tat
assays (see Figure 9). The Tat protein is an ‘essential viral
transactivator that regulates HIV LTR promoter-directed tran-
scription (EMERMAN & MaLiM, 1998). For subsequent analyses the
loxLTR sequence was introduced in an HIV-luciferase reporter
vector (pHIV/T1/LUC; control vector) within the HIV-1 HXB3 LTR
(RATNER et al., 1985). In addition, another copy of the loxLTR
seguence was inserted 3’ of the luciferase coding sequence to
generate pHIV/T2/LUC (depicted in Fig. 9A). Thus, Tat transac-
tivation results in expression of firefly luciferase driven by

the LTR promoter in these vectors.
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transfection and assayed for firefly luciferase activity by
using Firefly and Renilla luciferase assay kit (Biotium, Inc.,
Hayward, CA). The activities were corrected for transfection

efficiency by using a lacZ vector as an internal control and

measuring the B-galactosidase activity from the cell lysates.

When Hela cells were cotransfected with a Tre expression vec-
tor along with the Tat vector and pRIV/T2/LUC, a three-fold
decrease in luciferase activity was observed (see Figure 83C).
In contrast, no decrease in luciferase expression was detected
when the same experiment was performed using the pHIV/T1/LUC

control (see Figure SB}.

To prove that the observed decrease in luciferase expression
was a result of recombination and not of blecking the Tat ac-
tivity or transcription from the LTR promoter by the recombin-
ase, PCR analysis was performed, assaying for recombination

upon Tat transactivation (see Figure 9D).

PCR analysis of recombination on the Tat transactivation assay
was carried out on DNA isolated from HelLa cells transfected
with the HIV reporter vectors in presence or absence of the
recompinase, using primers L1 (5'- GAAGGTGGGTTTTCCAGTCA-3';
SEQ ID NO: 24) and L2 (5’- AGGGAAGAAAGCGAAAGGAG-3'; SEQ ID NO:
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extraction kit (Qiagen) and used for seguencing.

Recombination results in a band size of 756 bp due to removal
of the luciferase coding sequence, while in absence o©f recom-
bination the band size is 2.7 kb. PCR on cells transfected
with the pHIV/T1/LUC wvector, containing just one loxLTR site,
produced only the 2.7 kb band both in presence and absence of
Tre. In contrast, PCR on cells transfected with the
pHIV/T2/LUC vector predominantly displayed the Jlower band,
demonstrating that the reduction of Tat activation was due to
Tre mediated excision of the luciferase cassette {(see Figure
9D) . Gel extraction of the PCR fragments followed by seguenc-
ing confirmed the precise excision of the loxLTR flanked se-

quence (data not shown).

Example 4
Excision of a full-size provirus from the genome of HIV-1 in-

fected human cells

The capability of Tre to excise a full-size provirus from the

genome of HIV-1 infected human cells was examined.

To test this, a proviral DNA, derived from the HIV-1 strain

NL4-3 (ApacHI et al., 1986), was constructed that contains the
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293T cells with this proviral DNA and an expression wvector en-
coding the vesicular stomatitis wvirus envelope glycoprotein
{(VSV-G) . Briefly, the HIV-1l pseudctypes were produced by tran-
sient cotransfection of 1 x 10% 293T cells with 3 ng
pNLT2AenvPuro and 3 pg pCMV-VSV-G in OptiMEM I {Invitrogen)
without antibiotics using 4 pl polvethylenimine (PEI; 1 mg/ml)
according to the manufacturer’s protocol (Pclysciences, Inc.).
At day 2 posttransfection viral supernatant was collected and
passed through (.2 pm pore size filters to ensure the removal
of any viral aggregates and cells and the p24%9% antigen level
was determined by ELISA (Innotest HIV p24 Antigen mAb; Innoge-

netics N. V.).

Subsequently, 5 x 10° Hela cells, cultured in DMEM containing
15% fetal calf serum (Pansystems GmbH} and antibiotics {peni-
cillin and streptomycin), were infected in a six well plate by
spinoculation (O'Doserry et al., 2000) with 1000 ng/ml of the
pseudotyped wvirus together with 1 pg/ml polybrene (Sigma-
Aldrich) at 1,200 x g for 90 min at room temperature. At 24
hours postinfection the culture medium was changed and cells
were washed to remove free virus. At 3 days postinfection the
cell culture was supplemented with 1 nug/ml puromycin (Sigma-

Aldrich) for 2 weeks, and with 0.5 pg/ml puromycin for another
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fected either with a plasmid expressing Tre or with the paren-
tal control vector, both also carryving the neomycin resistance
gene. The respective neomycin-resistant cell pools were moni-
tored with respect to recombinase activity and virus produc-

tion.

Total genomic DNA was isolated from infected Hela cells using
the Blood & Cell Culture DNA Midi kit (Quiagen) in accordance
to the manufacturer’s protocol. Quantitative real-time PCR re-
vealed that the presence of HIV-1 gag-specific sequences in
the cellulér genome constantly declined over time in Tre ex-
pressing cells, as compared to control cells ({see Figure 10B,
upper diagram). Quantitative PCR specific for HIV-1 gag (gag-
forward: 57 -ATCAATGAGGAAGCTGCAGAA-3’ {SEQ ID WNO: 26), gag-
reverse: 5'-GATAGGTGGATTATGTGTCAT-3f (SEQ ID NO: 27), gag-
probe: 5/ -FAM-ATTGCACCAGGCCAGATGAGAGAA-TAMRA-3 {SEQ ID NO:
28)) and 5'/3’ LTR recombination {(LTR-forward: 5’ -GATGGTGCTAC-
AAGCTAGTAC~3" (SEQ ID NO: 29), LTR-~reverse: 5’'-CTGTCAAACCTCCA-
CTCTAAC-3’ (SEQ ID NO: 30), LTR-probe: 5'-FAM-AAGGAGAGAACAAC-
ATCCTATTACAC-TAMRA-3’ (SEQ ID NO: 31)) was performed as fol-
lows: 40 cycles containing 100 ng genomic DNA, 300 nM forward
primer, 900 nM reverse primer and 200 nM hybridisation probe
using Platinum gPCR Super Mix UDG (Invitrogen) in an Applied
Biosystems 7500 Fast Real-Time PCR System; Fach sample was
tested in triplicates, and results were normalised using am-

plification of the same genomic DNA with human B8-globin prim-
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After 10 weeks of culturing, gag segquences could not be de-
tected anymore. This result was closely mirrored by a similar
analysis in which recombination of the 5 and 3’ LTR was de-

termined (see Figure 10B; lower diagram}.

Furthermore, cessation of particle budding, which was tracked
by determining p24Gag antigen levels in the culture super-
natants, occurred with a slightly delayed kinetic, resulting
in 100% inhibition of particle release as compared to the Tre-
deficient contrel culture at week 12 ({see Figure 10C, upper
diagram). A parallel cytotoxicity assay with alamarBlue (Sero-
tec) failed to record any Tre-induced toxic effects on cellu-

lar metabolism (see Figure 10C, lower panel).

The wvisualisation of Gag expression by laser scanning immuno-
fluorescence milcroscopy demonstrated the complete disappear-
ance of productively infected cells in the Tre-positive cul-
"ture over time (see Figure 10D). For the indirect immunofluo-
rescence microscopy HIV-1 infected Hela cells were grown on
cover slips, washed with PBS without Ca®* and Mg”* and subse-
quently fixed with 3% paraformaldehyde for 25 min. All incuba-
tion steps were carried out at ambient temperature. Following
10 min incubation with 100 mM glycine/PBS, cells were perme-
abilised in 0.1% Triton X-100/PBS for 4 min and incubated in
1% BSA/PBS for 30 min. Proteins were stained in 1% BSA/PBS us-
ing primary antibodies recognising HIV-1 p55%9 (1:100 dilu-
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scanning microscope. Interestingly, the re-exposure of these
cultures to puromycin at week 8 was survived by the control
cells, but resulted in severe toxic effects and ultimate cell
death in the Tre-positive culture (see Figure 11). This obser-
vation can be explained by Tre-mediated removal of the provi-
ral gene encoding puromycin resistance (compare to Figure

10R) .
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sequences are separated by a spacer of 5-12 nucleotides, and wherein the homologous

10 LTR sequences with highest homology to a known target site represent the asymmetric
target sequence;

(b) preparing two synthetic sequences, wherein the first synthetic sequence
corresponds to the sequence of the asymmetric target sequence of step (a) homologous
to the left half-site of said known target site plus the spacer sequence and is referred to

15 as “half-site sequence 17, and wherein the second synthetic sequence corresponds to the
spacer sequence plus the sequence of the asymmetric target sequence of step (a)
homologous to the right half-site and is referred to as “half-site sequence 2”;

{c) determining the nucleotides within the synthetic sequences of step (b)

deviating from the corresponding homologous left half-site and right half-site sequences
20 of the known homologous target site of step (a);

(d) generating a first subset of two target sequences on the basis of the synthetic
sequences of step (b), wherein the first target sequence in the first subset comprises an
inverted repeat consisting of half-site sequence 1 of step (a) and half-site sequence 1°
separated by the spacer sequence, and wherein the second target sequence in the first

25 subset comprises an inverted repeat consisting of half-site sequence 2° and half-site
sequence 2 of step (b) separated by the spacer sequence, wherein half-site sequences 1’
and 2’ represent inverted repeats of the respective half-site sequences 1 and 2 of step (b);

(e} generating a second subset of target sequences on the basis of the target

sequences in the first subset of step (d), wherein each of the half-site sequences together
30 with the respective spacer sequence of the target sequences in the first subset of step (d)

is used to generate an independent target sequence of the second subset by forming an

inverted repeat on the basis of the selected half site sequence, such that the spacer

sequence separates both sequences forming the inverted repeat, wherein the sequences of
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both half-site sequences originating from one of the target sequences in the first subset
of step (d) are altered during their synthesis and prior to using same for generating the
inverted repeat yielding the complete target sequence such that in the left half-site
sequence a portion of the nucleotides deviating from the corresponding homologous
half-site sequence of the known target-site of step (a) is replaced by the native
nucleotides found in the known target-site and in the right half-site sequence the rest of
the nucleotides deviating from the corresponding homologous left half-site is replaced
by the native nucleotides found in the known target-site, such that in both half-site
sequences originating from one target sequences of the first subset of step (d) taken
together all deviating nucleotides can be found, whereas none of said half half-site
sequences alone comprises all deviating nucleotides;

(f) generating further subsets of target sequences starting from the target
sequences in the second subset obtained in step (e} by stepwise repeating the process of
step (e) each time generating a new subset of target sequences, until the half-site
sequences forming the inverted repeats within each generated target sequences contain
one, two or three nucleotides deviating from the corresponding homologous half-site
sequence of the known target site;

(g) applying molecular directed evolution on the recombinase recognising the
known homologous target site chosen in step (a) using the target sequences of the final
subset obtained in step (f) containing one, two or three nucleotides deviating from the
corresponding homologous half-site sequence of said known homologous target site as a
substrate;

(h) shuffling the recombinase libraries evolved in step (g);

(1)  applying molecular directed evolution on the shuffled library obtained in
step (h) using the target sequences of the next higher subset according to step (f);

(j)  repeating steps (h) and (1) until at least one recombinase is achieved by
molecular directed evolution that is active on the asymmetric target sequence within the
LTR of the retroviral DNA of step (a);

(k) 1isolating the nucleic acid of the least one recombinase obtained in step (j)
from the library; and

(1)  cloning the nucleic acid obtained in step (k) into a suitable expression vector.
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2. The method according to claim 1, wherein the known recombinase whose target
sequence is used in step (a) and upon which molecular directed evolution is applied in
steps (g) and (1) belongs to the family of serine integrases or tyrosine integrases, and

wherein the recombinase preferably is selected from the group consisting of Cre from

Phage P1, FLP from yeast and Dre from phage D6.

3. The method according claims 1 or claim 2, wherein the asymmetric target
sequence identified in step (a) is localised in both the 5’-LTR and the 3’-LTR of the

provirus.

4. The method according to claim 3, wherein the proviral DNA inserted into the
genome of a host cell is the DNA of a retrovirus selected from the group consisting of
Mouse mammary tumor virus (MMTV), Mason Pfizer monkey virus (MPMYV), Human
T cell leukemia virus Type I (HTLV-I), Human T cell leukemia virus Type II (HTLV-
II), Simian T cell leukemia virus Type I (STLV-I), Simian T cell leukemia virus Type 11
(STLV-II), Bovine leukemia virus (BLV), Feline leukemia virus (FeLV) and Moloney
murine leukemia virus (MoMLYV, and wherein the retrovirus preferably is a lentivirus
selected from the group consisting of Human immunodeficiency virus Type 1 (HIV-1),
Human immunodeficiency virus Type 2 (HIV-2), Simian immunodeficiency virus (SIV),
Feline immunodeficiency virus (FIV), Bovine immunodeficiency virus (BIV), Maedi-
visna virus (MVV), Equine infectious anemia virus (EIAV) and Caprine arthritis

encephalitis virus (CAEV).

5. The method according to claim 4, wherein the asymmetric target sequence
identified in step (a) is localised in both the 5’-LTR and the 3°-LTR of a HIV provirus
and preferably has the sequence set forth as SEQ ID NO: 3.

6.  The method according to any one of claims 1 to 5, wherein the molecular directed

evolution employed is substrate-linked protein evolution.

7. The method according to any one of claims 1 to 6, wherein the expression vector

in step (1) 1s selected from the group consisting of retroviral vectors, lentiviral vectors,
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spumavirus vectors and adenoviral vectors, preferably a lentiviral vector selected from

the group consisting of HIV-1-, SIV~, FIV- or EIAV-derived lentiviral vectors.

8. A method for preparing a tailored recombinase, wherein said method comprises
the method according to any one of claims 1 to 7 and the further step of expressing the
tailored recombinase or a fusion polypeptide comprising the amino acid sequence of the
tailored recombinase from the nucleic acid encoding the recombinase inserted into the
expression vector in a suitable host cell, wherein the host cell preferably is selected from

the group consisting of bacterial cells, yeast cells, insect cells and mammalian cells.

9. A method for preparing a transformed adult stem cell, wherein said method
comprises the method according to any one of claims 1 to 7 and the further step of

introducing the expression vector in vitro into a suitable adult stem cell.

10. A nucleic acid obtained from step (k) of the method according to any one of claims
lto7.

11. A nucleic acid encoding a tailored recombinase, wherein the tailored recombinase
recombines asymmetric target sequences within the DNA of a provirus inserted into the
genome of a host cell leading to excision of the provirus from the genome of the host
cell, wherein the asymmetric target sites are different from the target sites of the wild-
type recombinase, wherein the nucleic acid has at least 80% sequence identity to the

nucleic acid sequence set forth as SEQ ID NO: 2.

12.  The nucleic acid according to claim 10 or claim 1, wherein said nucleic acid
encoding the tailored recombinase has the nucleic acid sequence set forth as SEQ ID

NO: 2.

13.  An expression vector obtained from the method according to any one of claims 1

to 7.

14. An expression vector comprising the nucleic acid according to any of claims 10 to

12.
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15. A tailored recombinase obtained from the method according to claim 8.

16. A tailored recombinase, wherein the tailored recombinase recombines asymmetric
target sequences within the DNA of a provirus inserted into the genome of a host cell
leading to excision of the provirus from the genome of the host cell, wherein the
asymmetric target sites are different from the target sites of the wild-type recombinase,
wherein the tailored recombinase has at least 80% sequence identity with the amino acid

sequence set forth as SEQ ID NO: 3.

17.  The tailored recombinase according to claim 15 or claim 16, wherein the tailored

recombinase has the amino acid sequence set forth as SEQ ID NO: 3.

18. A fusion polypeptide comprising a tailored recombinase according to any of

claims 15 to 17, wherein the tailored recombinase is linked to a second polypeptide.

19, The fusion polypeptide according to claim 15, wherein the second polypeptide
comprises a signal peptide, and wherein the signal peptide preferably is a protein
transduction domain selected from the group comprising the TAT peptide and a peptide

from the third helix of the Antennapedia homeodomain.

20.  An adult stem cell obtained from the method according to claim 9, wherein said

adult stem cell preferably is a stem cell from the hernatopoietic lineage.

21.  An adult stem cell infected or transfected with the expression vector according to
claim 13 or claim 14, wherein said adult stem cell preferably is a stem cell from the

hematopoietic lineage.

22. The method according to any one of claims 1 to 9, further comprising the step of
preparing the expression vector, the protein, fusion protein or the adult stem cell as a
pharmaceutical composition for the reduction of the viral load in a subject infected by a
retrovirus, wherein the pharmaceutical preparation preferably further comprises a

pharmaceutically acceptable carrier, excipient and/or adjuvant.
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23. A pharmaceutical composition obtained from the method according to claim 22.

24,  Use of an expression vector according to claim 13 or claim 14, a tailored
recombinase according to any of claims 15 to 17, a fusion protein according to claim 18
or claim 19, or an adult stem cell according to claim 20 or claim 21, for the manufacture
of a medicament for the reduction of the viral load in a subject infected by a retrovirus,
wherein the retrovirus preferably is a retrovirus selected from the group consisting of
Mouse mammary tumour virus (MMTYV), Mason Pfizer monkey virus (MPMYV), Human
T cell leukemia virus Type I (HTLV-I), Human T cell leukemia virus Type II (HTLV-
II), Simian T cell leukemia virus Type I (STLV-]), Simian T cell leukemia virus Type II
(STLV-II), Bovine leukemia virus (BLV}), Feline leukemia virus (FeLV) and Moloney
murine leukemia virus (MoMLYV) or a lentivirus selected from the group consisting of
Human immunedeficiency virus Type 1 (HIV-1), Human immunodeficiency virus Type
2 (HIV-2), Simian immunodeficiency virus (SIV), Feline immunodeficiency virus (FIV),
Bovine immunodeficiency virus (BIV), Maedi-visna virus (MVV), Equine infectious

anemia virus (EIAV) and Caprine arthritis encephalitis virus (CAEV).

25. The use according to claim 24, wherein the medicament is adapted for concomitant
administration with other active agents of the highly active antiretroviral therapy
(HAART) or for administration concomitant or subsequent to global immune activation

therapy or specific activation of provirus gene expression.

26. A collection of tailored recombinases, wherein the members of said collection are
each obtained by the method according to any one of claims 1 to 8, wherein the

collection comprises the expression vector according to claim 13 or claim 14,



