Use of tailored reconbinases for the treatnent of

retroviral infections The present invention is
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vector encoding a tailored reconbi nase, wherein said

tail ored reconbi nase reconbi nes asymetric target

sites within the LTR of proviral DNA of a retrovirus

inserted into the genone of a host cell. Such tailored

reconbi nases recog nising asynmetric target sites

within the LTR of proviral DNA are nmeans for excising

the provirus fromthe genone of the host cell. The

present invention is further directed to the use of

tail ored reconbi nases for the preparation of pharnaceu

tical _co S ns ucin e vi | oad in_a
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of optim sing the tféfﬁdﬁﬂﬁanﬁldfebeﬁbaglraI i nfection

of a subject conprising the tailoring of reconbi nases

specifically recogni sing and reconbi ning asymetric
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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 by 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 million new infections



mllion people died of AIDS-rel ated ill nesses
according to the Al DS Epi dem c Update 2006, published
whyoosiog3o¥HO (i n Decenber 2006) . The prinmary geei/EPmg/000021
antiretroviral therapy applied are a re duction of
H V-related norbidity and nortality, an inprovenent of
quality of life, a restoration and preservation of
i mmuno | ogic function, and maxi mal and durabl e
suppression of the vi ral |load. Today antiretrovira
t herapy, nore precisely, treat nent reginens agai nst
HV primarily rely on virus enzyne in hibitors and
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.regard there ar rentl r classes of anti-HV
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Mﬁth entering and infecting these cells. Arelated ap
proach is to prevent binding of HHV to the target cel
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preventlng H V from maki ng a copy
hibitors and molecules that 1nh1b1t 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 CCR5 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



of its genetic information (thus producing the

so-cal l ed proviral DNA) are 3TC (lam vudi ne, Epivir) ,
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(stavudi ne, Zerit) , ddC (zmlcitabine, Hvid) , dd

(di danosi ne, Vi dex/VidexEC) , FTC (entricitabine,

Emriva) , Efavirenz (Sustiva) and nevirapine

(Viramune) . The Pls target the H'V enzyne protease

involved in virus as senbly. Exanples for these active

agents are Anprenavir (Agenerase) , atazanavir

(Reyataz), fosanprenavir (Telzir) , indina vir
rep@ikc¥kyan) of | epénaMirus nehdidenavbet(\deldeepsfter they have

ritonavir hbrVIH% and saqui navir (Invirasel/ Fortovase)
beenpiafeghador i ERmhf hati on therapy currently used

|nvoIV|ng the use of nore than one active agent is the

Hi ghly Active Antiretroviral Therapy (HAART) targeting
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particularly in latently infected resting CD4+ T ceIIs

(CHUN et al., 1998; FINZI et al., 1997), requiring
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eﬂd§@9qyséiégyﬁévﬂ¥ aped wsc 4B, | 4Sar@¥bnavir (Telzir), indina-
vir (Crixivan), lopinavir, nelfinavir (Viracept), ritonavir

(Norvir) and saquinavir (Invirase/Fortovase) .

One type of combination therapy currently used involving the
use of more than one active agent 1is the Highly Active
Antiretroviral Therapy (HAART) targeting the viral reverse
transcriptase, protease and fusion (GuLIicKk 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; FInzi et al., 1997), requiring life-long HAART.



osteoporosis (DYBUL et al ., 2002). Substantial drug
toxicities often result in inadequate adherence,
WO e®@alosiony i n the suboptimal inhibition of virPGI/EP2008/000021
replication. As a consequence, new strains of H V-1
are energing that are resistant to suppres sive
treatnments (LITTLE et al., 2002). In view of the
i ncreasi ng nunber of resistant H V strains new active
agents are neces sary and are currently under
devel opment. In addition, further viral targets and
novel inhibition strategies are being tested for
inproved control of H V-1 (DONZELLA 1998; CHI U et
al 2005; HAZUDA et al.., 2004; HAUBER et a
UngRTERPEFR&Y T vEPaPpPERe i SB0EEEAof nbRnLeafe Fang oot ERART
ist A @mdde S Oy r dsghiseehd laaterkbe sgerones fctideincluding
host cell. Excision of the proviral DNA fromthe

miffesho8dgé A meE POC ibvanpl EPABYS b FRent i rhPERR Mglyitus and

osrtee% beathon @rehdidd exs. frogysr r embsBtdy Ldokpgh eBokNcities
it has the potentlai to eradicate even dor mant

of\nernusrq@vés;emn |wat¢feqlg%trﬁ)rmdf¢ﬁretrh?@ hd@tsulm@gClﬁsstftﬁ subop-
tlmaqt gltr‘n%.btl Jﬁ QQPﬁlsd% g(ilf:QE H§e hg 'éor?éequence, new

ternative app roac are site- speC| I ¢ reconbi nases
st(rﬁh@AERﬁ eflatl , at@9eperSing- speci fare recorafiandselso  suppres-—

[titude of functi i n.na f 0 er -
v@hffgﬁgeﬁe (£Iﬁ%hone sggrega )lon% &30% ag ?%? fficreasing

mﬁ»b@mplcef ex€s Sstant | RYer sic@niner nert eg:rtatweoragm‘ntcéefazmedneces-
DNA unjts (revie

S e &} H%nc%ﬁﬁfqﬁiﬁ Wﬁ%ﬁ§rgF38&°P8883bliﬁs%gghg ippe further

vida recoisnase hovmlbacieniepbagetPhtéfassr esel vesng tested

genonme diners into nononers reconbi i on between
£qmng edenec aPR868 bPE- EIYahdé%ONWAsu%ggéofC*& et al., 2005;

HaRakA Icqulaar , seqoenceadESS & ABRRIFSI., 1985) . The Cre
reconbi nase has found w despread use in

An alternative approach discussed in the art is to target the

provirus inserted into the genome of the host cell. Excision

of the proviral DNA from the host’s genome for example would

prevent further HIV replication and differs from current meth-

odologies in that it has the potential to eradicate even dor-

mant virus present in the genome of the host.

One class of proteins that were considered for use in this al-
ternative approach are site-specific recombinases (FLOWERS et
al., 1997). Site-specific recombinases mediate a multitude of
functions in nature from gene rearrangement to genome segrega-
tion, such as for example excision, inversion, or integration

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

One of the simplest and best understood recombinases 1is the

Cre recombinase from bacteriophage Pl that resolves genome di-



nouse genetics (NAGY, 2000) . Cre is a 38 kDa protein

that was naned after is function, as it causes
WO e@sfokioBnt i on ( STERNBERG & HAM LTON, 1981) . PCT/EP2008/000021

Prerequisite for this reconmbination is the alignnent

of two reconbination sites recognised by Cre in

antiparallel orientation which are then bound by four

identical Cre subunits that join to forma ring in

whi ch each subunit contacts two adjacent subunits and

one half site of one recombination site (HOESS &

ABREMSKI , 1985) . The reconbi nation site recogni sed by
me€5€ihsoamddolprdophl estsaptied: INA 1setuenc e khovderasical dou-
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and structural analyses of site-specific reconbi nases
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c ntsubunit

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 tar-

get sequences.

Extensive mutational and structural analyses of site-specific

recombinases have been carried out in recent years to alter



intricate nmechani sns of these enzynes (for a review

see VAN DUYNE, 2001; and COATES et al., 2005) . Alot
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its evolvability . Several &tudi es denonstrated that

Cre target specificity could be al tered when few

nucl eotides in its |oxF recognition site were changed

(BUCHHOLZ & STEWART, 2001; SANTORO & SCHULTZ, 2002;

RUFER & SAUER, 2002). Further studi es addresses the

engi neering of nmu tated | oxP target sites containing

sequences fromthe LTR of HI V-1 to devel op possible
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The method of directed evolution is a powerful method to se-
lect enzymes with altered specificities (reviewed in Yuan et
al., 2005; and JoHaNNES & ZHAO, 2006). In the beginning this
method was used to isolate improved enzymes on the basis of
RNA by selecting RNA molecules with altered substrate sites.
The use of PCR-based method allows the screening of very large
libraries 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



Consequently, library screening in directed protein

evol ution has been [imted to "one-by-one"
wappsoshest hat mai ntain the conpartnments, andP¢E&P2008/000021

advant ages associ ated with Bscreeni ng pool s of

candi dat es have not been available. This limtation

has been overcone by the devel opnment of neth ods that

all ow the crosslinking of proteins to their respec

tive messenger RNAs (nRNAs) using nRNA-protein fusions

and ri bosone display. Functional screens for inproved

protein p rop erties were thus coupled to direct
th@@tmbﬁ%&blaftﬂ@grdﬁmyuﬂﬂma@t@odbmgimnkecuafﬁntagukIaﬁgnriated

pool s have been screened |n vitro (see for exa
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directed protein evolution was achi eved by the

so-call ed substrate-linked protein evolution (SLiPE;
ThRECHHOLZ 2% 1 STEWART Pe200 DV er offier &l thife dGHRIRReE fofof meth-

odtshet}{aetcommsghéf\aéreggffgk%t B? SR DNA 1R ec(HéIﬁ: &S spec-

the protein coding region. hi's ‘manner, when the
tlwecambﬁaasermﬁgAexmmaﬁéeﬁ MﬁthgntNéoanElem§HSlQW%;and ri-
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nsequent Iy, "a Ti brary
ex&deeeNMeas:rquMuﬂd)edDGFb tdi et | fyt oikyalantli dateesponding
cqdi ng r.egi gns t hat re next .to an. altered subst te
cothing qlc?%réﬁfeﬁé 3&%2% 18§ &PAEr JE T R T eehed dit vitro
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ions. This nethod was applied for_alteri t.he DNA
Ofsp £F$594 yPoPtErR F@@&Hﬁﬂﬁgsé’aasndaco\]ah%‘f?%gggt fhg goo-catlled
sUMAW 13600 i AkEHOp Aeget &idBuf BMCHHOLZA P& ; STHOMMSLz & StTEwarT,
2001) . However, a decisive drawback of the use of an
200d0 ontiiheaed o gher HRskdiadico? Toft het FRPPTRINIGA 155 tl?ﬂéyced on

tl"féeegarﬁg bhg Fn%(i@@g&@a%es fHe Sﬁ%@é{hccbaﬁggt reli8®,. In this
whi ch are typically not found
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 (BucHHOLZ & STEWART, 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.



| east twice in the proviral DNA to allow the use of
present reconbinases .In view of the potential of
W@ 2a08/08398ci fi c reconbi nases and the need of fiPdi/AEB208381000021
Al DS therapy eradicating H8/-1 provirus fromthe
genone of host cell, the problemunderlying the pres
ent invention thus resides in providing a nmethod for
preparing a tailored reconbi nase, which tail ored
reconbi nase reconbi nes asymetric target sites within
the LTR of proviral DNA of a retrovirus inserted into
the gengne of a _host cell thus excis_ing the provirus
Inf PVt Ré GBROREESTLERL RGsE-CET FPSLAMARY CPIases and the
nekNVENT| @NnAcegr dimgatiosa fhdsdpaspestii®itihg Pr&sentprovirus
invention a nethod for preparing an expression vector
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. half-site sequepces aof known tar sites of ,recom
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rated by a spacer of 5-12 nucl eotides, and wherein the
honol ogous LTR sequences with hi ghest honology to a
known target site represent the asynmetric target
sequence; (b) prepaMMAgYt OF FTHE! DRVENTEEN|UENCES,
wherein the first synthetic sequence corresponds to
t he sequence of the

According to a first aspect of the present invention a 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
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



asymmetric target sequence of step (a) honol ogous to
the left half-site of said known target site plus

W b@sfosiver sequence and is referred to as "hal PEFEP®0$E00021

gquence 1", and wherein the second synthetic sequence
corresponds to the spacer sequence plus the sequence
of the asymmetric target sequence of step (a) honolo
gous to the right half-site and is referred to as
"hal f -site sequence 2"; (c) determ ning the

nucl eotides within the synthetic se quences of step

(b) deviating fromthe correspondi ng honol ogous |eft
hal f - si t 8PARETr PEALCRGE f 2_¢ t &5 sESHREFREstOf 2F helkhbwiite se-

honol ogoygehatget, shhg QheSteR (B: 5cbHha08PRERAEENG Sequence
first subset of two target sequences on the basis of

the synt Rerressendentestbe SPepef byequamer ephut hehe sequence
first !acgetnacquonte: il g&gﬁga}g e iRl oEOUPLLSES) Aomolo-

inverted repeat consistin alf-site sequence
step (a)gend hal ftis¢t eigbquérdé-biseparat etlsbyefhered to as

spacer se9g§?ce and mhereiQthe second target

=1 . ;
sequence I A thg FFreeiuibeet donprises an inverted

repgat) caesesihingngf thal husiéet séguentcehn anle synthetic se-
hal f-site seguenc&hZ of shgp gb% g;gargted EX thg smondin
spacer sSYGBAEE, Ohn&FEPn (RAI FE¥IRE8Eq0ERReSPE FORRESE 9
' repres@shoilBysuted depenusrofithe arespecyhve half-site se-
hal f-site sequences 1 and 2 of step (b) ; (e ,

gener at i AYSRCEECEhd \FHSEIOGY *toé‘fodé}goééq@ﬁf;é%t oht et step
basis of (the target sequences in the first subset of

(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 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 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



step (d) , wherein each of the half-site sequences to
gether with the respective spacer sequence of the

wo arog®s393equences in the first subset of step PAI/EP®08/000021
used to generate an independent target sequence of the
second subset by formng an inverted repeat on the
basis of the selected half site sequence, suchthat the
spacer seguence separates both sequences form ng the
inverted repeat, wherein the sequences of both
hal f-site sequences originating fromone of the target
sequences in the first subset of step (d) are altered
during t RBRE siift h6BRECANF IV 0SBBRAGERAMP Iy sequences

generati@grﬁhﬁgiBﬂgrlﬁ$gfﬁgﬁﬁgeﬁéa|,dM%%rE@%_€9@pE§H§ences of
target sequencé such that 1n the left halfsite

sequencebatpohelénsdftet heanentedt Pesinkiing | fget rome of the

the corr ndi n gous, hal £-site n h
known ta?éggeginggggg%gpg%afﬁésg%g% a%§§9%§ ?ﬁegéeﬁ Rd) are
nati ve nadkeotidetifioundtheit heykhbenisaraget prtierant using

in the right half-site sequence the rest of th . .
nucleoti&gged Gfaﬁfﬁﬁrﬁsé tEéec6??8§g%%dfﬁﬁeﬁgnﬁﬁgldlng the
gous | ef tohphktsi tarystr ephasece byutthethat i e thel @oft half-
tides found in the known target site, such_that .in

bot h hal fi§Pt §°98GNERCAEs POFF Pﬁa??n&hﬁrSHF&ﬁQtﬁgFﬁeFEViati”g

sequenceggh tthe fdirstspbhaghgohofbeBgbdy hakenrsiee sequence
gether all deviating nucl eotides can ge found,  whereas

none of €&i FhiRalimosint &agdiflieridds AfordFonPri sesrapfaced by

devi ati ngrRUGLEOLLARSc1£5) i GENFAING f Wih@hotb2ak et site
of target sequences start
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-site sequences alone com-
prises all deviating nucleotides;

(£) 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 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



ing fromthe target sequences in the second subset

obtained in step (e) by stepw se repeating the proc
we@3®sm8393t ep (e) each tine generating a new sSUuPGEEPNS/000021

target sequences, until thathalf -site sequences form

ing the inverted repeats within each generated target

sequences contain one, two or three nucleotides devi

ating fromthe correspondi ng honol ogous half-site se

guence of the known target site; (g) applying

nol ecul ar directed evolution on the reconbi nase

recogni si ng the known honol ogous target sitechosen in

step (a)cheray imestapgéd) seglefckleofatpet f ppapences of the

subset 0?&@51‘?&%%@@&4&%@0%{ @t@ﬂgf@n%ontﬁ@nQBg one, two
t hree nucl eotides deviating fromthe correspondi ng

horol ogoas hbré¢e sitel selidar alofladding Known thengperesponding
gous tar98%6?5%§u§$h§l§99?£5aggﬁugnles?ﬁgf%éfgzﬁ&ghn homolo-
| step (g) 5 (1) :

reconbi nase rari es evol ved
appl yi nggnoketatgetts itectad e\wibstirartegn t he shuffl ed

l'ibrary obtained in ste h) .usi ng .t.he tarqget s .

queﬁ% s Sgu?h NSt PRI GF %méagggF &8%6?&%%% SrEs o ostep
(f); (j) (gepeating steps (h) and (i) until at |east

one recom bi nase is_achj eved by no] ecul.ar .directe

evol WP oﬂpphafngsm%%wlealarfidﬁ%caescbrﬁwt&OPaPange shuffled
sequence1wbbhip UM aliRRq0fid hetept raMi rabidNALEE HBfyet se-
(a) ; (k) isolating the nucleic acid of the | east one

r econbi nGHSBCBBL &fnddei MstteP{INCH rthite FFEHEHIN Lo step
and .
(£):

(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) into a

suitable expression vector.

In a preferred embodiment the recombinase molecular directed
evolution 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 is preferably a retroviral vector, a lentiviral vector, a

spumavirus vector or a adenoviral vector.



(1) cloning the nucleic acid obtained in step (k) into
a suitable expression vector. In a preferred

weedpsasivent t he reconbi nase nol ecul ar di r ect edPCT/EP2008/000021
evolution is applied to ini1gteps (g) and (i) is
derived fromthe famly of serine integrases or from
the famly of tyrosine integrases, and is preferably a
nodi fied Cre reconbi nase from phage PI, a nodified FLP
reconbi nase fromyeast or a nodified Dre reconbi nase
from phage D6. Preferably the nol ecular di rected
evolution is substrate-linked protein evol ution

A (B4PE) asPrrt expr E88i G Sreettor iRVRYdIY thedtaPFrbpedto the
neh86abi 838 i3 LG ARl &dROUIRqieCtWe Bhilored re-

['entiviral vector, 'a spumavirus vector or "a adenovir al
combiheseA grceond abpdct spémt e ldr esempri et i@ di sexpression
directed to th ' se cof r Len V s
vebheSaing « R BB bet el obs mE BRI AT i vion for
theel tedraryrdrsi ey saked vexprleskianh wectoorsilpjedtheinfected by a
pregaratiog of harnaceutinI congosition forbthed nist d
TEFERYCEHDn OFCt RBZVIPEPUF DS | AOIPRIUbT BEt TR e®T 8 By 1 -°7C
tof & rovbiast The tpbatnaeddctGan apnposividen reagebef retrovi-
adm nistered to a subject to treat infection by a wide ., .
rusgige SHFEDr 86 SOF Pﬁé@?}esﬁéﬁ'aghFoPhQ%QﬁﬁFEth%4 Gfposition

ofPhgdaeertaal i¢QPesSbhi O Obrther@begenkeinvEit | @8ntSmitant
(igeferably used for concom tant ‘adm nistration wth _
adgimdstaatior agéht Ltdren REHighl §oartsvet the highly active

aﬁyFPeE%559¥gﬁakh%?%g?DWH@ﬁﬁﬁngnprféPraéﬁﬂﬁﬂ§§fééﬁdﬂﬁboncomi—

concom tant or subSequent to global immune activation
taniferogpypubrsespenti toc gdebplatngnnef apEbvak ign geperapy or spe-

iR %%iiiggti&chfid%f@viﬂ;? gté(]lef dexg:%%%%_tiogf. the present

Invention an 1n vitro- nmethod of optimsing the
treatment of a retroviral infection

According to a third aspect of the present invention an in vi-
tro-method of optimising the treatment of a retroviral infection
of a subject is provided, wherein the 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-
cally tailored recombinases have already been pre-
pared;

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

said tailored recombinase, a fusion protein compris-



of a subject is provided, wherein the nmethod conprises

the steps of (a) determ ning the nucleic acid sequence
wo@RoosmsI9eYi ral DNA present in a bl ood sanpl e OPCHEP2008/000021

patient; (b) scanning the UIR sequence of the sequence

of step (a) for known reconbi nati on sequences for

whi ch specifi cally tailored reconbi nases have al ready

been pre pared; (c) in case at |east one of said known

reconbi nati on se quence exists, then a conmpound

sel ected fromthe group consisting of an expression

vector conprising the nucleic acid of the tailored

reconbi nase speciafiincaldoidr emppsinsiengp fsadall knoawnlored recom-

reconbi nati on sequence id il d | hase, . _
f usi on p$6?%?% 8on%?i%PH%gtﬁggﬁnfggfa8§§gggg££§cea%$ expTes
said tai kosedveetonbibapeeparad adubt pshemacehtical composi-

conprising said expres sion,vector is prepared as. a
pharnaceE??%aFoEo 8SFG§P651?%r°?hEh?egh%$foﬁo%$ }hethe sub-
viral |ogdctp bhaesubskeecbquehbeswwsehsequenesy Wit lat least
honol ogy _of at least 30 %to the left half-site and ,
the righBOhdl ftai tee séglibnded fof kAo diifet FEFlteshdtt-site

a reconbipggenc¥herd nihbgn henpleaous; saquerRCEs atBombinase,
separated by a spacer of 5-12 nucleotides, are

i denti fi ebleandnt éhredomed PIREST ISCAENGED f&Guetrfarated by a
(d) peffgg)gbgg skepsy fblud Ped e, the atenerentionsd termed

met hod f prepari ng an expression vector encoding a
tai | or ed“regombinasetapeet fsealdnca”sconbi ni ng t he

(d) performing steps (b) to (1) of the aforementioned
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-

combinases.

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

specifically tailored recombinases.



asymmetric target sequence identified within the LTR
of proviral DNA, and (e) preparing the expression
wQ e@Bo839bt ai ned in step (d) , a protein or a PCEEPI08/000021
protein expressed from sai d4ex pression vector or a
stemcell transfected or in fected wth said
expressi on vector as a pharmaceuti cal conposition for
the reduction of the viral load in the subject. In a
preferred enbodi nent the directed nol ecul ar evol ution
ap plied in step (d) is applied on a tailored
reconbi nase al ready recognising a target site
Thdi fihereant ohr am tfhatthefr wiilrecttyple trrecondd Nesdsion |gf tailored
anot her preferred enbodi ment the Eail red re%pngi@ S€.. th
TeGRMPAMARES | n KA abBved et Hustis i § %ﬂ%gu ed o a s Tt
getBhkeski anppbdvspesifically tail ored reconmbi nases . The
invention is further directed to a collection of
tail ored reconbi nases, each recogni sing distinct
target sites in the genone of a provirus. DETAILED
DESCRI PTI ON OF THE | NVENTI ON The present_inventors for
the first tPHREARRERRESGRIRRIMY AFs THEg INVENTEPNat or i al
substrate |linked protein evolution ap proach to
generate a tailored reconbi nase recogni si ng asymret
Thei @resguéncavsintions tiee $dguehios toftiameprimgvige a method us-
. integrated intq.the t st i —
ng)of oo e i tiaer SEETTER R c daB AR P LR Oy et o
privalcec ttoe yene reaes @ Mmatidoirens racdmbdentef yesabséguent asymmet -
ri%ga s %E%g?ﬁ%gi?g%%g %%%nggge%f Ebgggvikhsl§n§egrated 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 & ZHAO, 2006). One prerequisite of directed evolution is
a starting enzyme that has residual activity to allow the evo-
lution strategy to be successful (Broom 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,



sel ect enzynmes with altered specificities (YUAN et

al ., 2005, JOHANNES & ZHAO 2006) . One prerequisite
w@R00diosmet ed evol ution is a starting enzyne theCT/RRE08/000021

residual activity to allowishe evo lution strategy to

be successful (BLOOM et al. f 2005). An en zyne that

has no activity on a substrate is unlikely to pro duce

vari ants that now act on the distant target. The

nmet hod of the present invention may al so be applied to

tailor DNA-nodif ying proteins in general. However,

reconb in ases are preferred. The term "DNA-nodif ying
repratiethbni sendamiclersawl uderaiypopesesies , whbgansposases  and

activity causes a change in the sequence or structure
fegPﬁﬁaéﬁérc aci d. Exanples of DNAmodifying proteins

sui table for being tailored by the nethod of the

present invention eins involved in
PGS She ctf: At FBh o bx Guck BabeesS DRACREPR)P 4850 THRAned BY
dilre@asas, eesttkebhonhgpdopaeheasaege 1y OPOESOGRL BSES, (see e.g.

transposases and resol vases . Although the potentia
Cogflipgi legr @d -r e2RB) nad8s "6h8 neBOBYVEF r eRfggPeen successtul

tﬁ@gﬂﬂgf QQ %ﬁ%quﬁﬁ W%@eb¥o 8c09gn5zed £SeecBmBin&®b! tBSrecom-
03), no net hod owever, has been successf ul

blmusa fraatmralallx e ¢ Pier 1 me@e@\ﬂr@sl oPeRUSREDNLTIPYERS et al.
9%7r e%%%l %ﬁu&?\lgn? %rtalqﬁé o&aﬁprgécﬂg:é' eél{é)V\HPAl load in cells

sequence (1997) have shown that Cre
whean1ﬂeﬂuverm$ecvntain$oadldntEE$léowﬁerﬁﬁé viktyswas further

C%%E %% e ;XﬁgE%%XPaflt?§8%%§ %tfufoeEan recombine a

enonstra e at Cre can
spraemn‘mmemc&paﬂersesecﬁmcetI@dsﬁn—]f roendree. Hh\lpivotal prob-

LB B s PN LT ! PEREH ARELPIENES A nes o
nd tE@srihad ymfer iec ogitgead bytamtthat 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 SaARAF-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-



rally occurring reconbi nases such as for exanple the
Cre re conbi nase recogni zing a symetric 13 bp
WO 20808341 repeat with an 8 bp spacer. This |i mPCHEPING/000021
has been addressed by SARAHéLEVY et al. (2006) who
devel oped heterospecif ic reconbi nases, 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 reconbi nases can together
recombine an asymnetric target site. However, this
approach has the main disad vantage that two dlfferent
tingcownbi ridses swhbglkdahaveinto be presbent ¢h tiee t gpgeets with
I n h n e e -
g3k ALERRrRECED [ Eron PR SR EEPLRREN R FUEEegPee ca
1o$ungleebembmbaaasetoha9c0@misecom®$©esabSQQMeh@@e Figure 1).

nat ur al | urring.in aretrovir eno The
FUSEEEERL 1 n CHPORE od Bl M | BoPAal f oL Thapelection of
fuheeaban ascte@Ods] bectagnlofmwg tther egognmseric target site
asymmetric target sites different fromtheir nati

widfiRetd | T g% b S i FETRY Gp e HFHAS Of trav-

eﬂsﬁh% Qh&%ﬁ%ﬁrsQEs@%ﬁkéUQ%@E%m@dl@téﬁahhﬁinglBiﬁé@ﬂ@@smolecu—
fromthe original target and stepwi se tai |oring

Layre cOfl Utelsds Ehe r BRURMT RS t AESe28Bs s REBIIS gEEH'?eY“leS with
rehmot OGRS a5 ?mﬁ@@?i@aééﬁfd;éﬂ HUigach dilgn al | ows

selectlon 0 unctional nol ecul es recogni sing the
asynmetric target site within a given sequence. Thus,

Tﬂgﬂﬁgk e%%g@g%?%%g gkttﬁ% %ﬁbﬂgEH¥1%¥Hbé¥¥%§réﬁeexpres—

I nterne |recte mol ecu | ar evolution the
s1mmuemeotsraeecabhegtcapt@dbgee@nz¢WQ@bwmﬁﬁevewﬁvéﬂl tailored

novel net I arget. s i ficiti The Jret
r%ﬁ%@;ﬁﬁ%ﬁé r%%%?%n £'°6n Hg%gélgrlnr%%% é%brgg‘gfgkfg the LIR
ofvepkrorieatodiNrg ansartededimteconbenagmomdhi oli tai Ihorséd 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

X

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
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



reconbi nase reconbi nes asymetric target sites within

the LTR of proviral DNA inserted into the genone of a
whoms/ 08Bl , yi el ds expression vectors encodi ngPCHEPIO®0021

reconbi nases that reconbi na7asynmetric targets sites

different fromthe target site of the wld-type

reconbi nase. The nethod of the invention conprises the

steps of (a) determ ning the sequence of the LTR of

the proviral DNA, identifying therein sequences with

honol ogy of at least 30 %to the left half-site and

the right half-site sequences of known target sites of

recom bi tlae ebs £ whealef s itttee dfomelidgbsnowseacaeessake plus the

sepa rated_by a acer_o - ' y 5 an e -
wherein %%%c%%n%égﬁ%ﬁ%eL%E?s%%ugﬁgégg%}?ﬁ§ﬁ?€hg%?lf site se
honol ogygten@ khtywnahar getrsitethepsesemd $hethetic sequence

aynihet | ESEEETRTAR TRnErg ROEHerf Pal Sypiats cne sequence
sequenceo €0t HeSPONfte t 0l d hearsequereReatet BE asypmedy ilcomolo-
target sequence of step (a) honol pgous tothe | eft

hal f - si t €°8# §&<ﬁ¢%oﬁh9§5r§@#fgﬁﬂ SplaRs! the SpAgEFed to as

sequencevgRdris; f&f eLhechdd s "hal f-site se quence
1", and wherein the second synthetic sequence

cor Kespof@seTBinheg spae ePugbRRIeHERS pYHish Y het R gtighichetic se-

of the asyopeLLiGet t (BeAUENSSt OfgSEERm ( &he NOBPLOspONdi
gous to ?%e r%ghtfhgﬁgﬁsﬁﬁg and ?E r%ferred t% as sponcing
"hal f - si hemgéquense 12Tt (bpllesbedi mindg rhght half-site se-

nucl eot ! destbLhie 1he %(mmetﬂoqnézﬁﬁogmn%%%g%ft Y8R of step

(b) deviating fromthe correspon
(a) s

(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 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 to-
gether with 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



honol ogous left half-site and right half-site se
guences of the known honol ogous target site of step

W@ 2008/0839d) generating a first subset of two taPGEEP2008/000021
sequences on the basis of tike synthetic sequences of
step (b) , wherein the first target sequence in the
first subset conprises 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
conprises an inverted repeat consisting of half-site
sequencetRel barsd shad f - Shee sedgedrde 1df-ssitep f¢guence, such

separate the s [_se e ' | f,-site
sequencegh$¥"§E% ggggﬁgpre§§%§“¥%$§§?gggFggeé?%hbfSequences
t he respéotinveghehé - sntertset|ussmpest 1 wrede2nothet epaiehces of

; (e) geperating_a second subset of.target seguences

on the bASTE BF TfRE tar J6EUSRaRRneEI IR IS f1Ta) one of the
subset otasyep E8juenwber ehntrachiobtt bebkatfesiteep (d) are
sequences_to gether with the respective s

. : acer . ,
sequencedofetfe gAY sbyRithc Sy NHHeEhE f%hétp§b8§eﬁx’ using

of step gHhel $o¥Sgdnbe 8€AGr ahe aRvkRdependpshtt 31884ing the
sequence of the second subset by forning an inverted
03

repeat oRPRELPES| §a5Pethecgurret edufll FRaFt &nsbhBehebt half-

such thak;the sSRAERE-SQUPLREE oRERRT AHeS nhidhBo$€EHENEESiat ing
form ng £he i nverted repeat, wherein the sequences of

bot h hal frsint ¢heeqoanrespoorigonaoined obpbm baefofifaesequence

target S%%u%@l%esknioqmt q:earfgjertStsiSclébscgf Q{epc‘t 2% (gg §5§laced 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 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 Dbe 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 homologous half-site se-

quence of the known target site;



altered during their synthesis and prior to using sane
for generating the inverted repeat yielding the

W@ 20981083981 t ar get sequence such that in the | efPCI/EP2008/000021
hal fsite sequence a portion9of the nucl eotides
deviating fromthe correspondi ng honol ogous half-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 half-site sequence the
rest of the nucleotides deviating fromthe
correspondi ng honol o gous left half-site is repl aced
by tbe nappbyeimmcmebecubl@s flouadt¢d eMelkhdan tar géte recom-

site, Sughnghgtreco 8 lEhé'&%o%%q > ous target site
R

orlglnatlng romon t sequences o
Subset oéhste@ Ld)staﬁemaIOugem@ethaltad@ata$e@@ences of the

nucl eot i an be fo r.eas  non sald hal f

Rl T o1 1 b1 BBGUEHTRR" AT DL EOir, S46Tal ) ASUTRELAGRS oner Two

nucl eoti desthtée gedarsadidigs fdgvtllaerm@ukfsetnsmé tatgebponding

sequences start ing framthe target se ences |n t he
€5n6s Ot

second sHB@@%O%%?%lHé&flﬁlg?eﬁe@ known homolo-

repeati ngohber RE9&t st Ofa StER R ro@eh ti me
generati ng a new subset of target sequences, until the

hal f(hg t 8hyEFLERG e s DEOMACORG IPREST AvereddePefdlyed in step
Wit hin eq ?h generated target sequences contain one,

two or three nucleotides devi ating fromthe

cor riéspoadbhyihenmd bgowka hal fresitesl sevodwdica e the shuffled

known ta&gg}a?kt%m&gh @plygngtggle@ﬁlaﬁsgﬁéeQLsd target se-

evol uti on on e reco i'nase recogni sing the known
honol ogousetaegebfsitthe 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) 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 sequence information computer-

based analysis of the sequence information is performed to



chosen in step (a) using the target sequences of the

final subset obtained in step (f) containing one, two
wW@eroosl083ae1 nucl eoti des deviating fromthe corr eREDERI008/000021

honol ogous hal f-site sequenee of said known honol o

gous target site as a substrate; (h) shuffling the

reconbi nase libraries evolved in step (g); (i)

appl yi ng nol ecul ar directed evolution on the shuffled

library obtained in step (h) using the target se

guences of the next higher subset according to step

(f); (j) repeating steps (h) and (i) until at |east
idenEifec(tmebrienaseei%leachisev\edthbqumle?@m arf divteteedt 30 % to

is _ac e on the tric.t
o AT PR T, L TR or AT Vs SRR o g knovn
tataget; ikﬁe$soha@pegt&helyucldﬂ(:haowd oﬁeddmbﬂnaﬂﬁs oneat are
reconb in ase obt ed in ste I|brary
SeRRG2FEES RVodi ATt %%P SIS 4 g &&8 gh 8Fep (k)
into a suitable expression vector. In step (a) of the
met hod of the present invention the se quence of the

TheTRegM t}rf,ecmr%n@ée DRA iU$edetsrmfitfed e fsich T & grrotein in-

vo8%anP! £, by cENALSEGHERS ! NG sUSEREh CRREBNbERALAAL iGognise and
inhibi tors (SANGER et al., 1977). However, if the

bl@équem:esﬁﬁctﬁec L PRAofsacvenceer dvirmad DNpeGeidaimagd-on sites”
orl P %:e:&c%? of \d heedosite has. &l £ad% RELtween these two
ne () t he

deter step can e on1tted It is fur
tapgssi Hicaso s datiwy lyeqrdiec €5 rav al tedsind inasm”  1s meant to

re%e%u%nc%nn{ 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 invention 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 sequences separated by a spacer.
Instead, in the asymmetric target 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 sequence.



dat abases. On the basis of the sequence information
conput er based anal ysis of the sequence information is
w@esoBosivet toi dentify therein sequences w th hPODEPRZPYS/000021
of at least 30 %to the lef2zt half-site and the right
hal f-site sequences of known target sites,
respectively, of known reconbi nases that are separated
by a suitable spacer of 5-12 nucleotides . The term
"reconbi nase" as used herein refers to a protein in
vol ved in reconbinati on. As such reconbi nases
recogni se and bind two specific DNA sequences terned
"reconbi nation sites" or "target sites" and nediate
reconblnatlon bet ween t hese two rget sit

g PR s P9 de i et TSINEATRS (EefRTigd to a8

“ﬂéaftanyalpﬁ@l&;lew CEHHPONENGh Of h&DF- § BEONDI ﬁ@@pecstysxteem are de-
that medi ates DNA rearrangenents in a specific DNA

finssly Nelt ikl ROMERAY r FAg tPECIMbitn&dEs TeBYgniakti—site of a

kTR Ll e AL ORT STE@SSQQ@eﬁéétl@@a@@dtB@twgéﬁttﬁé'sequences
sequences ternmed "half-site" of ap proxi mately 9-20 bp

hdorlvigngsartd niteg t beffepadt righér diad frisd tUeal 9L s3 t bnown target
S§§Q%%$g%%eegggse8a5§tg?ﬁpgra spacer sequence of 5-12
p. I's

e noted In the present |nvent|on
and also in the art t he ternB "target sequence”

"targe and "recom i 0 e" r e _
H‘?‘”ﬁ?v%dha]hgeaebcfuen MtTary ac{ r{‘ %Jr a?%yggggu??Y%gonly ho
md BePN g asieh are aogni 154 fitg oy minet mmghttarlrgaétf—ssutte seheence of a

met hod of the greseﬁgfinvention rOVI

TR oot | Rog N ePho AP gRte S| PEe S uRraR GBSHas e used

160f5d Shrofeipa igrrad @mﬂ']’ldeﬁle&eﬂahat g@thebyiae of the tar-
spacer. Instead, in the as tric target sit

IS et o2 KPHST 1iGt rihe neSen STOSE raTadE Taraet se-
qhCcs Al Y  hnd1RidPrefl deRjuences within the LTR, is known to

the skilled person. For example, if homology is found within
the LTR sequence to a target sequence recognised by the Cre
recombinase, an asymmetric target site to be recognised by Cre
recombinase should consist of 34 nucleotides with two half-
site sequences of 13 nucleotides each separated by a spacer of
8 nucleotides. Accordingly, the homologous sequence within the
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-
quences 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 loxP site (recognised by Cre recom-



conbi nase able to recogni se an asymmetrical target

site should recogni se and reconbi ne target sites
wa@egiossng of hal f-sites of varying sequence. RiT/BPTOOK000021

asymmetric target site the2sequences referred to as

"left half-site" and "right half-site", respectively,

are de fined by their honology to the left and right

hal f-site of a known target site. The sequence | ocated

bet ween t he sequences honol ogous to the left and right

hal f-site of a known target site is referred to as

spacer. However, if sequences are found in the LTR
bitnhat )hautheondbyhdwo msologycé® ebtrhespoheditef toorthehespacer and

right_hal f-site sequence of a known target site, these
th?eg]ﬁﬁg?ld%'tﬁld:ene rt(qheel%%%m?)eetru]scedt‘_i1 S PR s een eas”
116f gheydrgsant tHwvesgdtr sdusice of the éaamged &tfined by

bel onging to the reconbi nase, whose native target se

Showc Isarsidsgy s teegiente< NG thi Pihe L TRIE j §8quence

ddE1MY tOs t hegski IAG RSO fiin@XaMPhéredd BABDINGE half-
is found within the LTR sequence to a target sequence .
s it crpriusa ey ¢ helrG e nlet ol Hee®, Pancadyhhid r1 ¢ nucleotides

ArQel, sife o ke recoont sedoby, e See9mhidasesShPdr se-
l“%oﬁ%ﬁst d% 54 nucl eot1 des mﬁ?h¥%mo ﬁ%lfgite sequences £oee
quenck3 nucl eoti des each separated by a spacer of 8

nucl eoti des . Accordingly, the honol ogous sequence

within the LTRis defined as either the left or the
Hanoghigyhaif - shi® oontéet spacerldf asheirasymeewhotet apgéication

site dependi ng on the .ho nplogy,taq .the sequence, of .the
TSun SEARGBEC i LA IARISY Se qUETRE Wit n hbol o5y Y Peing
pidfedeid. ralprefderaf congmmindrargat semienne @rgposes is to

defined as left half-site, sequences w

t.h I t '
CEHRET gy 1A i SR oo P ga S utnCE AR eTgES known

in the art, including, but not limited to, the local homology
algorithm of SmiTH & WaTerMaN (1981), the homology alignment al-
gorithm of NEEDLEMAN & WuNnscH (1970), or the search for similar-
ity method of PearsoNn & LipMan (1988). For the purposes of the
present application sequence homology is preferably determined
using the ClustalW computer program available from the Euro-

pean Bioinformatics Institute (EBI), unless otherwise stated.

In view of the requirement of two identical target sites that
must be present in the genome of the provirus to allow the re-
combinase to excise the sequence between these two target
sites, sequences of the proviral DNA are scanned in step (a)
of the method of the present invention that are present at
least twice in the genome. Such sequences are for example the
LTR sequences of the proviral DNA. Accordingly, the sequence
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



fined as right half -site. Starting fromthis

definition, the other parts of the asymetric target
w@e2isssmBe defi ned under consideration of the BCT/EER1008/€00021

of the known target site. ®hus, having defined for

exanple a right half-site sequence wwthin the LTR over

honol ogy to a | oxP site (recognised by Cre

reconbi nase) , the other sequences corresponding to

the spacer and the left half-site of the asymetric

target sequence can eas ily be defined. The spacer

sequence is for exanple defined by counting 8
thpacladdtdngest upserebpt @f Phe the paRyiselt efifdfesl between
th%eﬁkﬁgq as right half-site sequence, whereas the |eft

al'fsite sequence is simlarly defined by counting 13

nucl eotides upstreamof the 5 ' end of the previously

ef i spacer se quence. ... . [ hj s, C -
O 39S RATE RS d RS 4a0] BAChLAnE S ohla g hedhaving
suSifAicliahict Yomo liodgnttict Yknomrt hed wheerit | 4 3t dxei sepymmafesy raace pref-

A preferred conparjson for hanmol ogy.purposes.is .t.o
eﬁ%ﬁﬁ&ﬂ%?%ﬁeq(ﬁégktbﬁy§e&88n@%g%ﬁ§?n qugﬁgﬁr&o the sequence
ofl @GN Giefe KNOWE | &f t REowi t rettmd Ut g . dwaalr, it is also

limted to, the local honology algorithmof SMTH & :
POAKTERPANC( BSIEFt, SERECRERS! 8%6& %Bﬁﬂeﬁ?oa? Y irhntlyy high-
eg@EgQg@N%@g& WINSCH (1970) , or the search for similar

ity method of PEARSON & LI PMAN (1988) . For the

pur poses of the present application sequence honol ogy

1d § P %eam%ae%ftt@{am ned lfJ%itléglttiQQ Geushal WeERBRULEr the pre-

program aval e fromthe Euro pean Bioinformatics
sdmistinwene (dEBl9venunt bbevw ot het WsENGt aeenbipasaewr it recog-

nitshee éegr%\ertel[rle@t tggg%ﬁp siiqggt 'vquth tﬁé9§t tﬁéﬁe%ot%hq{omology to
st pr eésent I'n e genone of the provirus to allow
kridwen riecoydl naseed 0 Bowdeer t hieo sengene et et peesendresef resid-
u;fukéggégﬁnation 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 is scanned for se-
quences 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, 74, 75, 76, 77, 178, 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 invention 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-



sites, sequences of the proviral DNA are scanned in

step (a) of the nmethod of the present invention that
wW@e@sps®3ent at | east twice in the genone. SucPCT/EP2008/000021

sequences are for exanple the LTR sequences of the

proviral DNA. Accordingly, the sequence of the LTRis

preferably scanned, since the 5 -LTR and the 3'- LTR

of the proviral DNA are identical. An asymetrica

target site present in the 5 -LTRis also present in

the 3'-LTR andthus allows for excision of the provira

DNA | ocat ed between the LTRs. Qut of the sequences
meitdrdmt it twidiHian ihed [ TARCARPRHERA THAGATY CTMTATECEARCATGG-3’

lLogy .t g,k r sites sequences are pref

“§$23Py%§hogénQ?ﬁgFggaggyfhe hi ghest honol ogy to the

sequence of the target site of known reconbi nases .

However, it _is also possible to sel.ect sequ e
1 PRAPR bRl TS RRCTRE RTNCRRTS Honpt Syt ChE TighpaShous to
a Nei®ch t batgébespotentriealuseld tiher netdwdriofg tiweo psegnskatic se-

i nvention even allows tailoring reconbi nases that .
AYSRSES -ni SRRy PYBENEE LearRAVNFSs W E h NEPETFRan® 30H 900y~
cllgﬂﬂldégyséc?léﬁl% ) b@r gethéds eknoliaWavershd 0a £hsuriet Bequence
orfresence of resid ual reconbination activity for the

edppecting ayRatic seguegee sireéeriredi §opréf efdbitysite se-

q ef f Ok, SRAUSHSES PaVitRE &RQMRAIOWr Ofnat sbeasted asym-
30 %to the left half-site and the right half-site

meegjrencesgdf kRhbanvwiahget tdiet ddFofokndh PEEBABUPn&OmOLlogous
tc?eﬁhel 'ieffhfr tﬁ%rﬁq—%rietfeeréfdtﬁgb(%t'o%mtsafgtet' Ss%ngﬁg includes

or se quences having a honol ogy of 31,” 32, 383,
tI8h, se@Ben@y, b88we8H, the, skhueAZes4FeppseAB ingg, they, left and

t%%:rg ;tggélg%?igéf gé?c ??sé%&f@??egltéﬁ%sSghe69pacer. The
second synthetic sequence corresponds to the spacer sequence
and the sequence of the selected asymmetric 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-
quence 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



69, 70, 71, 72,. 73, 74, 75, 76, 77, 78, 79, 80%
nore prefera bly 85% particularly preferably 90 % and
woreas/ogavef er ably 95 % to the left hal f-site aneCT/BEB2008/000021
right half-site sequences af known target sites of
known reconbi nases. In a preferred enbodi nent of the
present invention the se quence selected with in the
LTR has honol ogy to the synmetric | oxP target sites
recogni sed by the site specific reconbinase Cre. In a
nore preferred enbodi nent the sequence of the
asymmetric target site is
of5' thaCARGAFGETATTACADCOT ATATGECAATATEE. 5-s { SEG M Neyhtp half-

31)t (FI L%%ncze%eroﬁl [t]_h te o(s%)n tlbr?ci(v‘&hots.gpgé@qlé@ecedsetermlned by

Wit him ogous to a known target site are
sadgethcleora pirgpamtngatdwssynéhet i cospagiienses. InThigsies context,

nthetlc se ue prepared a ”ollgon | eot] de _
el G oSS S 2L £ BRAL G P L 8L R Lo cor
retégﬁ;ri‘dlm@t syﬂwetlmlsfequeme (heterres tpreferably the left

'hal f-site se quence_ 1") corresponds to the_se .
hagif 1id SsePRAT B Bsy MNREEAPC TRF gSELPPESW ¢ hi nq\aﬁch'f‘ﬁe se-

qu¥ndd® Priayiddip e ey thet-o nhhe-kett Eakhisyt enef palindro-
t he known target site and includes the sequence

m%%tﬂé%hV¢héaséaﬁeﬁé§§rréﬁﬁé§en%$n@rﬁﬁérﬁgiy ahG thight half-

%éﬂge fRldzesite, which is referred to as the spacer.
e second synthetic sequence corresponds to the
spacer sequence and the sequence of the sel ected

EIM& r{u%tgeﬁoél Itlﬁtéf\%]%%ﬂ}} I}?e:!—f-rcﬁngd tg]@tepf oé/t[éfys(b) and

ogous otherig site of the known target
pst:e tont&;se@bnd:foluf@omwh@dt iode thequaneationy epvfredn also

b%ogf%r , haell;] Si te %%Cteg%ase B% %ﬁgcﬁ%tﬁggugf@ﬁgr' Qtep (a)

etlc sequences | referab entical and
asdrgeisponds sttept He)sequence of t he LTR repre

In step (d), a first subset of two target sequences 1is gener-
ated using the synthetic sequences of step (b). The target se-
quences 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 oligonucleotide se-
quence as inverted repeat, wherein the sequence of “half-site
sequence 1” and “half-site sequence 2”, respectively, is used
to complement the second half-site sequence at the opposite
end of the spacer sequence. Accordingly, the first target se-
gquence 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 i
separated by the spacer sequence, whereas the second target

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



senting or defined as the spacer sequence of the
asymmetric target site. However, in a further
weedpsasivent t he spacer se quences of both syntP€r/ER2008/000021
sequences conprises one or 26wo se quence devi ati ons.
The deviations are preferably nucl eotide substitutions
which retain the original |ength of the spacer
sequence . In step (c) the nucl eotides within
"hal f-site sequence 1" and "half-site sequence 2",
respectively, of the first subset of synthetic
sequences of step (b) deviating fromthe sequencesof
2" hecagurrissson ngnherbedgsaBehef CoRalifLinge ofndthg ghtversely
re%%lﬁéhtaW§ﬁgH§ﬂﬁﬁ§ Qggﬁgﬁb&hgsen §m9mmh5§%g§§t§r%equence 2"
eterm ned by sequence alignnent and sequence
sepampaeidsdry thnet sbsceontseduentclee terpieficgupé 1) . In “target
"hal f-site uence 1" is conmpared to the .Er _
sBBBoRA Ty BRI VETTESs i 1e RAFENITe ster EPLAYP i Y~ nale
siltef tschplehcel 1o -spguercthalbiesas thgusegeeht®e-»f, in “target
"hal f-site se quence 2" is conpared éo ot her Q%If;s'te“
SSERCRg 4 he tPEI ISTHIGTTR: Het | 96 PRPHRt a5 t EO L IR Th pg half-
siteefset@bhyet he rsghte hath £ ¢ -6 sagquaiffncEhig -get hod
must not necessarily perfornmed after step (b) and
prior to step (d) of the nethod of the invention, but
si%AN 43 SQ benper figr ned dey S erenttppas®)of dke spacer se-
met hod after step (a) and prior to step (e) . In step
quadices avithén xfsdet toP two kel Seggenceseduerfdrer of the
ff¥§gjéﬁ%ggktQ?eSé?&?@%hﬁl??Qﬁ%ﬂ%?éané%&ﬂ%&gﬁes dﬁa% to the
target se quences of the tfirst subset are pallné1on1c
seagtuegerucl fedthal el B quempeeseitavingt hdesiredtag etlpd gpacer se-
qsrﬂﬂytgfpthgr%%:ﬁﬁéf%iéTn%¥?§Ht§££§!aho§¥6g§gﬂfﬁ a further
1farget sites aré’synthe3|se on the
embodiment the spacer sequences may comprise one or two se-

guence deviations originating from nucleotide substitutions.

Generally, this step represents a first split up of the se-
quences of the asymmetric target site selected for tailoring a
specific recombinase (see Figure 1). Sequences are dJenerated
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 sequences. Each of the half-site sequences

and the respective spacer of the target sequences in the first



basis of the half-site sequences of step (b) by

conpl enenting the mssing half-site sequence in each
w@bhiogosiesl eoti de se quence as inverted repeat, PGUTEPINS000021

the sequence of "half-site2sequence 1" and "half-site

sequence 2", respectively, is used to conplenent the

second hal f-site sequence at the opposite end of the

spacer sequence. Accordingly, the first target se

gquence in the first subset (referred to as "target

sequence 1") conprises an inverted repeat consisting

of the "half-site sequence 1" and the inversely
subgptat®d Shapf -(sit el Sedqndapendently sggafatted p§nehrete a new

spacer. ce, e .1 he c r ce.l ;
e R R R e
ancanprarses arpeavenedreejeati confSithe ngelofctidte half-site se-

i nversel y repeat "hal f-site seguence 2'" an
ey 1R EBaReRtE FPACEEparat el by SRE"BpaLaroth sequences
fos@quencend seavergade rkpeat | séd aFrggtrsequencehds, t hde left
sequence are arranged as follows: 5 '-"halfsite
haddqFéii€e SPLUERSEe P hAFI&H SRGRERcE | ' 2s. F15e] fo generate
a ' EAFOE n3RAUSRGR tIid NeaBgELCRGRAr &I T 2NGRE A%1f-site se-
follows: 5 '-"halfsite sequence 2 '"-spacer-"half-site
queEGFede "Farget sSHRPNEP £0 WAabSPE SPaPRECHbovER fPCONd new
sy?rﬁn%@.r(i@_ tardfi® PACET §f qUeACESa WIdidL eachudI of “target
synthetic target sequences of the first subset are
sgorehecaldl’y itens¢daktoangnespiesgoridsinco e WY target
qf t LTR. repLgsentihRa defl s Jehespacer ”
E”%ﬁ%ﬁggjogﬁ%he gggnn%triggsgrgggﬂgﬁfg.oHomever, ir§§§uence ?
id ufthetlenbodidrent tdenespdcer asepraridesnawy syomstirde  target
Qne or, two. se_guence_devi,ati o] j fr.0
{1 Bt e LUBeET GrBne: GoRGraT] y SoiRratg, g Pre parental
tadreprteserfuenaef iikstingpuidedupnod the sewgugmoesrpd taeget site

asymetri r [ [ [
(seey E‘igureC 1t)a. gk?otwesx}etre 5’1’% er%ct)se‘éj inoqgogt?érllto,“&ge ahalf-—site se-

guences derived from each of the target sequences of the first

subset are altered during their synthesis and prior to using
same for generating the inverted repeat yielding the complete
new target sequence (such as for example by performing nucleo-
tide substitutions). In the left half-site sequence of a new
target sequence (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 sequence (see
Figure 1). The nucleotides altered in the left half-site are

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



speci fic reconbi nase (see Figure 1 ) . Sequences are
generated in this step harbouring symetric target
W@ 2t08s8#8r i ved fromthe half-sites of the asynP@r/EP208/000021
target site selected for tas loring a specific
reconbi nase (see Figure 1 ) . As a conse guence, each
mutation (i.e. difference to the target site rec
ogni sed by the wild-type reconbi nase) present in one
hal f-site of said asymmetric target site has now been
spread up between the symetric target sequences in
the first subset. In step (e) of the nmethod of the
ther eeerietiingemuicds otidesarget csdquaressendf onge finy fgoth half-
.subset are use : t S n t t
siffuani e Rl g HROAE) BB B EHIAE SR pfeSs o ene
firespecbisee , s gacée rofint hehd argetetsepmrees ifprrdsel on the ba-

firstsybset of ste . i s independently used to
SiFerk rat;é’ee gehfgtim lrfaa]ri;g)feél Sequiente %’? e ¥t i hgl e e formed on
theeaenrd ssWiseihe byiglenenat £ ngitan (gneertsghrepeat Durthwer, the
basis of the selected half-site se quence such(%?a .
néev1at1ng

SeHENSFacktt Teduehic el Seraraied itth SequerRds ot

nddi@dtAver ted reepgatd( seecFigubaelor thdhusifthetéeftrinally,
hal f-site squence of "target sequence 1" jis used to .
nogen@fattéea M lifs thaddw sdrensreaueneapgat ovet ahovhed Fepptise all

adaldist ausecouenes . of "target sequence 1" is used to
generate a second new symmetric target site, the left

hal f-site sequence of "target sequence 2" is used to

ADCOEIRIE, AL OLLE QBMySY THPLL dod G aRh { QudNd & pacer se-

rig site sequence of "target sequence
quenealsl ywigeith t eagkenamat esyn frafritch tenvgsly naeduércer gét 2 new

su%lsteq:’ M?lerchl %ee§%lgzdt IETIEOIE hg SRAGH tg%QU?JIIC%e%tOf sga}?ence of a
parental target sequence IS Included 1 nto e ne
higjharetilsdtarged srétefsely Fdeneida]) andoweverspordls to the
ségﬁghééng¥tégg’L%Qerggiéééﬂgf%é“%r defined as the spacer se-
quence 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 sequences'(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 sequence of a subset
generated according to the present invention that deviates

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



guences derived fromeach of the target sequences of

the first subset are altered during their synthesis
w@r@spsiver to using sane for generating the i NRET/ERTHS/000021

repeat yielding the conpl eke new target sequence (such

as for exanple by performng nucleo tide

substitutions) . In the left half-site sequence of a

new t arget sequence (derived froma target sequence of

the first subset) a portion of the nucleotides

deviating fromthe corre spondi ng honol ogous half-site

sequence of the known target se quence of step (a) is
posépliaped nbyheheoraeispendiny ebondésgpvsndefinende Rhowpe known

tanget se d | r nding . ri -
noRipndc WEIERAY bEri0E SRR Wine i ecombinase
cheegnence fept hea )f ioSttisubset)od hef relsé pfesdet invention. In

nucl eot | des deyvi ating fraoqmthe correspondi " “ _
thﬁ?ﬁDF8@%ﬁ§tfe$¥“%ak?g@Ftejq%¥ﬁ%§ﬁn§ceagﬁge?ﬁgd%%ti6%“1 muta
t el eatredescfiotlnde roh i hge Mblopwn t ar get sequence (see

Figure 1 ) . The nucleotides altered in the left
hal f-site are different fromthose anended in the

ad iG] forsidie, piehatthaht Be deysatsngrnuekgeti deguences is
are only present once in both halfsite sequences
shemingi RRAES NGLHe oM bheld af §88reeduefcd® st tPRCifigrexample on
crbbsel; s ebehen iy rhe thakgele prguence; fipfdredhontirthe 9@ a HIv
sis of the left half-site or 1n the target sequence
pforimed dis tshewbashsFaguree?kight half-site (see Figure
1) . Further, the sequence alteration is carried out
such that each deviating nucleotide is retained once
In nstoze Of) t hertia¢ f - sibests FPhatkygehonequénche hakf generated

hal f.-site_sequences_ al ane 0 [ al |
St ervtllé} ngr%rﬁcll{z]gti%@e A gé’%\??}ég ;% s%t%at é@e abs(()e\?émidn subset by

stdeis o Wemrat i(nd) e mpacers sef geexeese t hi.a.eaphitting up
tﬁgWEQXSéQeggguggEggti% %ugﬂﬁ§srg£pg%{¥¥% 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 wusing target se-
quences 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 sequence to 3 or less (see Figure



subset being derived froma synthetic target sequence
of a higher subset are preferably identical and
w@orsmsiends to the sequence of the LTR repr esPOI/EPZPOL000021
defined as the spacer se quence of the asymetric
target site. However, in a further enbodi nent the
spacer seguences nmay conprise one or two se guence
devi ations originating from nucl eoti de substitutions.
Usi ng this approach, the nunmber of nutations (i.e
differences to the target site recogni sed by the
w | d-type reconbi nase) in the target sequences
1)r epHes esttemg sacteduiisen iof stie |memidrarrd ndepgating nucleo-

art nr%lqlgé e rd gafmgr‘ﬁge}?eg?e%%%sekelét oaé | tem'gé?g ' 98Guences

are S esent I'n one of the target sequences
oﬂfﬁﬁffé@pnueoﬂdérs Whehtdenrédevn@tmn@baumtaﬁldhﬁlaﬁing nu-

T

a \A@;u}bfsﬂrarlf@ ESR ableictinhp alitracged saguendenaf whisldbseteating
generated according to the present invention that

CHRVTHRT (I, GUORETd PRer EREFCPY oRFEHE RACE B0t PEber of devi-

atPRpeitc Aot sSanBRosht F pardMcd her §0rhesSpRNGetg site recog-
honol ogous sequence of the known honol ogous sgnnetrlc

n%%ﬁ%ﬁ#YsE@%eﬁeédtﬁYE?k?@ﬁ@ﬂ?%&%ﬁ%l%%%eskﬁ%%%n fhveeRpseveral

térac_?e@fsetqpu%n'@%tsh‘%ﬂagf chﬁoEr esSepLikaveptd oﬂharh n3t BfSthese de-
context, the terns "devi ati ng nucl eoti des" and "nuta

viitoimy aveleseridnt erchangbabey . then exbaapt e sefuehees of the
fﬂqearher%égp % Qﬁ%tl% osftlllqr gfépzsees%%etn 'aet?‘{]é)t\.’\{‘ng nucleo-

nore generally in Figure nore specific exanple
tioded hesdsagiiguak ah.asymmetri c sequence within the LTR
of a HV provirus is shown in Figure 2A. In step (f)
further subsets of target sequences are generated
Starting from the second subset of target sequences 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 nucleotides. The same applies to the generation of
the next subsets, which are only necessary, if the target se-
guences 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 dgenerate
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



starting fromthe target sequences of the second
subset by stepw se repeating the process of step (e)
WO 2@8/0839Bi tti ng up the target sequences into tPEI/EP2008/000021
respective half-site sequestes and generating new
pal i ndrom ¢ structures on the basis of these half-site
sequences after altering the sequence of the half-site
derived froma target sequence of the second subset,
each tinme generating a new subset of target sequences,
until the half-site sequences used for generating the
inverted re peats contain one, two or three
tamgekestiqgencgsvisstdmgtiatonat Iséngder depordi gquence does not
co%%er}'ilsg_?_ﬁgi?‘eh@hgﬁsé.tgf SEAUENCE fatti % Kﬁ%‘ﬁ@oﬁ:?&eg.et
SFrte. e present inventors realised that
reconbi nases- can be tai |ored using nol ecul ar

di rected evol uti on using t se ences B
The B RSr81 S 1° t?eer}earragtétq‘gsgtrq"g‘gt%‘éeelzC used as éjatzutg’esttraa et se
quéinkker stdi nellusbne than Bunmbet eofi des ibramgt herdladtdeles to

target sequence. Thus,_ the generatiaqn of s%bsets of

nugPersr BRLCYr BBFSS des ct 1 bedt b eV o ‘reduce t he

nunber of deviat ing nucleotides per target sequence
to 3 or less (see Figurel ) . The stepw se reduction
Inofstere m@hber WFthrdiafi AglRGELRE CidestrAn&VIoyuyiendss apP-

plQe@u'mert_h%f SRS Rk tagethiseayenaes kabwAl hbREE/ous tar-
orders wth decreasing nunbérs of “devi ating nu

ged] eviticdest upteb 4adi malingubder taraateatssranisas o e firal
su@%i (11. %%taai%%%st{rﬁteg‘alégr (@?l %%%lt%lﬁ.ngh&e% @d %‘47@' Yl Yhree nu-

e creating t ferent subset's”and t hereby
cleediciesg déeiauher fobmdevhe atdorgespohdongddwmalipgous half-
differences to-the.ta site n ni y L _
stk FIPPE T B rade Pk P Bl o AT Ea L gl oo @ o
stirantget sequences that do not conprise nore than 3 of

t hese de
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 & ZHaO, 2006).



vi ati ng nucl eoti des each, while the target sequences

of the final order as a whole still represent all
waleoosagiosg nucl eo tides (see Figure 1 ) . StarpcTgrPion®moo21

the second subset of targeti2sequences obtained in step

(e) athird 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 nore than three deviating

nucl eoti des. The sane applies to the generation of the
Inn'mdfisrm*setssep\/\bifchnoaleeudalry chieteemdr yevdlfuttibe tlilgetries of

ence f the ar subset sti cont aln nor.e
g‘ |§‘leldn§eﬁ%gllbé6‘tal Je$© uens?ﬁoulacfebeg etratf qty meth-

odsh }thﬁurﬁﬁilﬁ)dtﬁénhrﬁub%tgs o:fytlaggej segoenpesnii IBCRbeand DNA

generated until the target sequence final
TGRS VBB S8 g ST e e (RO (es® the methods

diAaQsdiangly .t ndeperdi-Ag teBnhine pAYEREr aphl @Iea{tfktm NGO 02/44409.
nucl eotides in each half-site sequence the nunber of

Tt@nfsleqsmgﬂénetfatwff ot LRBRHY haPPRsi ¢S ebfienBetated hgecombin-

YRS Tdoh th@hd8heSble iRy tdirbber sehhefBYsfOF €XaMPlgal sub-
e necessary to generate only two subsets for the left

SdTaICfbtﬁltl@dsequefﬁéEp (er e%tétftlhr"eléamfef@hﬂrorswb%e?%e nigperated
o) esng.gfwf ar%reaq: ofm{ {3% Dﬂé S!:Efls neQFgggs§Bhe%(% the re-
ahe evl a ? es

nuc bet ween severaftar get
ccsrexjme\mee&ssueﬂnablm andi niplee ntcdregetl age qligrrse edoegvapttion is
se . mre than these deV| at.i nycl tI% S.
CaﬁFel 6# o 6lsek8 geﬁ E}t] n%e hsekrllslu sé stg 5
target se quences for reducing the nunber of deviating
nucl eot desGLo nunpers below three.is |IIus% ted i

TP ER A2 9 SEE5T) Ca Tt FISA o6 bl BCEPAF g FREELon °m

pﬁﬁﬁédﬂi@nstépapg) of the method of the present invention is
substrate-linked protein evolution (SLiPE; BUCHHOLZ & STEWART,
2001; International Patent application WO 02/44409). The sub-
strate-linked protein evolution is carried out as described in
detail in the Examples. Briefly, the target sequences obtained
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 BucHHOLZ & STEwART, 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



plied on the reconbi nase recognising the known
honol ogous tar get site of step (a) using the target
waewaessoes of the final subset obtained in stepC(/EP2008/000021
contai ning one, two or thres nu cleotides deviating
fromthe correspondi ng honol ogous hal fsite sequence of
sai d known honol ogous target site as a sub strate .
The term "final subset” as used herein refers to the
| ast sub set generated in step (f) . Depending on the
nunber of deviat ing nucleotides in the asymretric
target site and nunber of subsets that had to be
angenaratlethdd bedlceirnte simberrlof dégeshedngvolution vector
nucl eoti d er.target seguence below 3 , the "fina
f°§u%hgepexﬁagvg%?gégﬁdﬁﬂggﬁ any subset, for exanple the
second, third, fourth or a |ater subset, and may be
different for the half-site sequences of the.
T et o i GotCRtERe MR Sone I S hGtieFor (@) are

con®Bliaeul agndi raaifad Vol thé Otecin®Q oggf e6FredN 8Buffling is

| aboratory evolution or in vi tro-evolution, are known
knoint B afte (REF d fPavidew SEEWRJAN QS t MEYSHULL JoOBTEMER, 1999
sth@kg! enges) therei n; JOHANNES & ZHAQ, 2006) .In a first

step of nolecular directed evolution libraries of

random y nmut ated reconbi nase sequences are generated

0 ' 6 hyafy 91 PYeSH NGLEREQT int
T%%¥éggh%éﬁggngpgxﬁhgﬁgﬁgﬁiné %?e%iéﬁkd In e.qg. YUAﬁne? 2 nev
gemlerat2005)qf ovetthersretboosisisr| dsed timgehe sequences of the

International Patent a i cat i 2/ 44409. The
N3 Ca &8s o uez?\%g i ?5$€é%ol?f]prs%%p\r<§fshe mut at ed

reconbi n ase al so contain one of the target sequences

of the final sub set obtained in step (f)...Aft
Th& ahefBct F’Sl’fto;{”t%bergeﬁlé?sa‘%ed 88 URR (hdresdVie

subset used to generate a certain subset. For example, the

%ers to the

third subset was generated on the basis of the target se-
quences of the second subset. Thus, starting from the third
subset the “next higher subset” will be the second subset.
Further, the next higher subset starting from the second sub-
set is the first subset. The same applies to the third, fourth
(and so on) subset, and the next higher subset starting from
this first subset is the asymmetric target sequence with the

LTR sequence.

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 molecular di-

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



plasmd library into appropriate cells expression of

the re conbinase is enabl ed and the nol ecul ar directed
we@r@B083i9en i s carried out as known by the per sSBOI/EP2008/000021

skilled in the art. In a pseferred enbodi nent the

nol ecul ar directed evolution employed in step (g) of

the nmethod of the present invention is

substrate-linked protein evolution (SLi PE; BUCHHOLZ &

STEWART, 2001; International Patent application WO

02/ 44409) . The sub strate-linked protein evolutionis

carried out as described in detail in the Exanples.
vebrtiiefl .y, Esxtdve e gef Seqﬁenees oktthioded dfn mekgpcyfyr adérected

cloned into a,plasmd he so-cal | ed ution, ve
eV%ﬁﬁ&H%@rWﬁFthgsFﬁﬂ%%$n rnﬁx%%§} T ﬁégié%té%%e @%ﬁﬁ?).

the reconbi nase. The randon1nutat|on is carried out by

errorprone PCR e BUCHHOLZ & ST T, 20 .. The . .

e tea s géoﬁlﬁfaﬁybsgr?ﬁén tF&R gfgﬁ?éél?n?goﬁyFlon -8

a1 lappAlild ba ahkovosyi RE@ssionsafr d1kel neeeakiingse. By

usi ng an i nduci bl e pronoter to drive 'the expression

of the reconbinase it is possible to adjust the

TH?@”é%%ﬂ(yléfﬁgﬂf%cdﬁﬂﬂ%%s%%e&%bgahlb@ﬁgbﬁh&°9ec@h@§ﬂlﬂg tar-
DNA 1s isolated fromthe cells and is ested with

geNdeseqeemans t herphasifiasthhacometeahion r &2ofrbrhed dRgreasing

rec ar, Iy arpld fLe £
i 5 ROEREL B 0508 " SSRUBRL) Y AT Shrces
t tof lheeplasbﬁdtprG@@ca§VEntdlﬂﬂw¢kmdth¢hélP€R prodeieew  that
I s di gest Ber and Xbal a S I back ..
t@ﬁrﬁ?éﬁ dige %5%510F|0§r$gbggﬁ g@%fgggQﬁegggrgpggs of a
1@&/@} L&thkﬁmatcycﬁﬂ e;aﬂgetstm\(elm)cetshe:erseldmnﬁinna;s/@elrigbsaribesffects

eyo d in ste g gg are (Hpblned and shuffled, The
a?%ck IB QYytioT WG SR thélgptnfworecomblne
4 8ydewedgaeacdl NgHULL &u@ﬁENWEEthQQQ,demonstratlng 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 is
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 1is



STEMVER, 1994) . The conbined and shuffled library is
then cloned into a new generation of vectors

w@ommpns®Bng the target sequences of the next hPgITEP2008/000021
subset generated in step (85). The term "next higher
subset" as used herein refers to the subset used to
generate a certain subset. For exanple, the third
subset was generated on the basis of the target se
quences of the second subset. Thus, starting fromthe
third subset the "next higher subset” wll be the
second subset. Further, the next higher subset

apptlded non f tdrhst heilsezond usibgsethé s thlrgeti rsequriysst . of the

The sa pplies.to the third,.fourth n 0 - _
f¥§ﬁﬁséﬁg%§ﬁd Fﬂe%HSXFeﬁ?gﬁgpdsE g%?‘s gégig%gf?%g%T?ﬁgfc tar
geftlhrs“etf_}_)&lﬂl@%ebfi stkpe (asymiehihcthar gER seéqueacerewitel DNA is

t he R sequence. In step (i) .the nethod of ool ecul ar. .

USHY & GY NG l}thieorFqcé)mé’ﬁnﬁlgFe&lgﬁaﬂ{e CERBFf P11 APy nases
rI@iingdgl nrd epaffdt Uskhbehbest @gethseqguesece sabstbeby mo-
next hi gher subset according to step (fl . Inthis

lapgie i IvE reaRe st iR tP e At i i dlect R vl T FPoORPLNase
tife FDQSECQEQE' edh befor gsiAnst £Pc (ghrgaR Reeede hHtthin the

It is also possible to uSe a different nethod of
LTholodeiher regitroected BBl ution in this step of the
net hod of the present invention. Exanples of different
met hods of nol ecul ar directed evol uti on were descri bed
1k otﬁd&xamﬂde@ byherUaNtebdal of (2008Ful#er efddralsitpdt Rvolution is
nmet hod .of _substrate-linked protein evol uti QS :
P00 Jo EnEoSBRG RE" SRACSRUTT I ERcT ] Brenra: fpieion.
step yi el ds reconbi nases recogni sing and reconbi ni ng

Ir}[x ﬁ%}eggtsi%ch%eencneusclheaircb%%rildn %ft I% eC %gls@atoln%nr %g%bglﬂ]gge hav-
ing activity on the asymmetric target sequence of step (a)
within the LTR of the retroviral DNA is isolated from the 1i-
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 (1) 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-



nunbers) of nutations fromthe different target
sequences of the | ower subset. The inventors were the
wo 20080831961 show t hat the conbi nati on of mnutati oPST/EPZIN$/000021
the different libraries of 3a | ower subset of target
sequences result in synergistic effects and led to the
generation of reconbi nases, which now reconbi ne target
sequences of a higher subset, denobnstrating that an
evol ution strategy traversing through internediates
can be used to achieve a desired activity. In step
(j), the steps (h) , i.e. conbining and shuffling of
mardeanuenase Hhebrardeesyinasds( inay, beeoptimi%mplf@até@mression
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asymetric target sequence pre sent int LTR of, the
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nareabiroRnhaf nhikeei sabset 5, ofudrrgettrseaueneeguvase (Macara,
necessary to generate target sequences with only_ one,
2G040 @ravt meeeacgiﬁ,q et i e deve ke ionacid het r%’&%nb%é%ed recom-
bidfraries evolved for exanple for the third subset of
target sequences are conbi ned and shuffled and
nol ecul ar directed evolution is applied on this

shuf f | ar ' he -t e c {de K
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IR P R TSR SUBLBE Srn pnaEhEled (S BFERS (@) and
(fMGﬁbI&K@ékm@ﬂE%élCamﬁlygef seqmeec&noégsheps(ayreferred re-
within the LTR of the praviral IS used to evol ve

SR RS Pe¥I 11 br APy tg}?n‘p??rg% chﬁ%Waseéntegrases are
s RCOHN St ngh the tareged segyestesg obrt BRiEBIStinsubhsabe (CoMBEs

no

etyal., 2002), any component of Gin or Hin recombination sys-
tems, Tn3 resolvase (KrasNnOoWw & CozzaRerLLI, 1983) or any other mem-
ber of the large serine recombinases, Ragl, Rag2 or any other

component of the VDJ recombination system or variants thereof.

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 recombinase from yeast (VOLKERT & BRrOacH, 1986),
Dre from phage D6 (SauEr & McDerMorT, 2004), R recombinase from
Zygosaccharomyces rouxii plasmid pSR1l, A recombinase from Klu-
veromyces drosophilarium plasmid pKDl, a recombinase from the
Kluveromyces waltii plasmid pKWl, TnpI from the Bacillus
transposon Tn4430, any component of the A Int recombination

system or variants thereof.



| ecul ar directed evolution to obtain at |east one

reconbi nase that is active on the asymetric target
wee@amsiel Wi thin the LTR of the retroviral DNAPCT/EP100$/600021

step the nmethod of nolecular directed evolution is

preferably the nmethod of substrate-Ilinked protein

evolution. In step (k) the nucleic acid of the | east

one reconbi nase hav ing activity on the asymretric

target sequence of step (a) within the LTR of the

retroviral DNA is isolated fromthe |i brary. The

nucleic acid is isolated fromthe respective plasmd
Rewpmbiinathe lf'vcbmatyeusyngs'arp@r@pwmaaser ekamiky | e character-
. _enzyne Vet hod estrigtion e cl
ls§5e nzlv% e sakltlsfrodg 6T Son. - e%&g{éel%qgeglrg&encod qe that
iﬁruxihnﬂmhlﬁasenwmw¢Imﬁvmmara@mmﬂaﬂibyckmbmnaﬁe$hdd9m the

h as,f traph T cl
=<kiPg HAy°BE2SF of BB tor STC Aty Y {ORpEPdL Orce ba-Tohe

-80 0C ) or nmay optionally be cloned in step (1) into
an ex pression vectaor for use in further analysis, i

ThSr & Y&& isids sitbrt gt HETE 3t 16iE SFe MR TR vanﬁﬁchare

adr@vaasubiert 1 R NEr&tOShs Syt aldled c@XBHESSE@Pstitution
vectors are defined below Preferably, the

anddesnisiddaséent phaPMynebealAedaad el B&h ofF Fhi hefRRg i Qn all of

ereel 5 4 EPSHLR A iheynd upebi oM i RramMaiRhi aheteldre de-
environnment. Further, to obtain good expression in

rirvedval i an cel s the reconbi nases may be optim sed for
expression in these cells (e.g. codon usage
opti m sation using nmethods well known in the art. See

If ar pmeﬁqﬁn@dSHMMBHEMeet athe 2009) vecehghadseeptiencedimeric

ne%ﬁ%sgﬁém?%tall r%th the rOt %I n"\fl':_ th.é} hselm.[%l%l{gs as de-
é‘ ian cel SUCh as lh qgquence

sdtNGARAYy CraMERT 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) 1is 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).



2001) may be added to the nucleic acid of the tailored

reconbinase . In a preferred enbodi nent of the present
WO 2ws/08399n t he known reconbi nase whose target BE/ERI00£000021

is used in step (a) and upss whi ch nol ecul ar directed

evolution is applied in steps (g) and (i) belongs to

the famly of serine integrases. Preferred re

conmbi nases belonging to the famly of serine

i ntegrases are selected fromthe group consisting of

phi C31 integrase (COVBES et al., 2002), any conponent

of G n or HnNn reconbination sys tens, Tn3 resol vase

( KRASNOW & CQOZZARELLI, 1983) or any other nem ber of

Prggﬁpagi tﬁpfl%ﬁ&re qgg!nﬁigitiRgg&ue£$ 218En99¥18&h§% step

one reco ion-s em or vari ant
(abheeembcanmsaﬂoﬁhebophetheréd BnmommmehmesaffLTR of the pro-

.reconbin el ongs to the fam of . tyrosine
ViFH ebPad e CuPRERaL el PEC oD, ECEL B TUhGHIT (1 rrenome of
thkanAbky e&i1iyrosine integrases are selected fromthe

group consisting of Cre from Phage Pl ( ABREMSKI et

al ., 1983, 1984), FLP reconbi nase from yeast (VOLKERT

Thg %@é‘gﬁ't 1986hcobreifeam phages Dhe HSAWER i IVGERMATTLTR se-

R reconbi nase from Zygosacchar onmyces_r ouxi
qughasmaf pSRIviyek eBEDPNAs &aviom KLver BRpesedy to the loxP

51QEOS%%H||@%dUB¢%%i ﬁ%ﬂyéa t&1£§098pL@QSQSﬁ@0ﬁbtm© 1) and

["'uver omyces™ wa asm d Tnpl fromthe
beBaogBIug thend@Bsoh Tha4BOlm@ny %ﬁﬁnﬁnﬂﬁﬂakﬂ TR 00 3] {BLACKARD

onbi h O t r_va n c S
B NI PN BT pltat Ak et ool foconbloas fhuaence
pobythamlﬁg6a typr og29e ahethetaetsveesbfetnaobeopmti@n initia-

.t hat tilised faor avage, rea
t P@cdﬁbanEESEﬁﬁoﬁ X%grséFﬁﬁ% %%tegrggg; 33 TG sE G Sequence
thaer ines | 515% eadqeéneet yimsiaeity to the sequence of the IloxP
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 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 HIV-1 LTR allows the excision of the respective pro-



The termvariant in this context refers to proteins
whi ch are derived fromthe above proteins by deletion,
wGemsisat i on and/ or addition of am no aci ds apdr/mpPz00$000021
retain sone or all of the fBanction inherent in the
protein fromwhich they are de rived. In a preferred
enbodi nent, the known reconbinase is a chineric
reconbi nase obtained by for exanple "famly shuffling"
as de scribed by CRAMERI e t al. (1998). Prerequisite
for the enploy nment of famly shuffling is a
significant honol ogy between the reconbi nases used for
vigenerfatdmgi thecbhomesomat edorbonasésn Andtexarpl eagoshgwn by
th%hkggrhgoggponbinase that can be used in the present
I'nvention 1S a chineric reconbi nase consi sting of se
guences of reconbinase Cre and of reconbi nase Dre,
respec tively. In a re preferred enhadi.nent. t
HOUETBDi fheds STREOE oFe HEmEITR08 FaCddhoiy e art that
othyMet i Lotad getit8i tfpdi Bide bpckbawinasekoxddn The |gxterated
site (and al so other reconbination sites of,mﬁlg-ty e
thage FifsidTRdes) diyesgenhdridhetni T HFEot 18" Hp 1 RepEst é;)enome of
reteRahedpbyyvt hes el ghd ri el Apst tlbélscﬁe'IP&hé Sof Wh&host cell.
represent the so-called spacer, which inparts _
Cagidi6etPoAGAREYCED EMe 5P¥ eCXFWREFOPREF BRI T HRRE ¢t delee basis
ofbm&ﬁoq]%@,getam i NolbEe SPAGRLTERAURNGRN R PENHRA 8N of such
the relative |l ocation and orientation of the two
LTRargd wigpaeisngdrgvRdsifinem the biRapbfs@$hBNA HIf estrains with-

ration, exgi t : : I,
nSHGGERY Ep ot Bb abPi- P o SRl A e R B G0RE
identified in step (a) is localised in both the 5 -LTR

Tk}aelqugpc%qvgivr%rléb%\lzg?%%% g\ﬂde%g%%o?gleln%vr\r’leexg% S!ao%o%@, cell 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
(HTLV-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 textbook “Retroviruses” of CorrIin JM,

HucHEs SH, Varvus HE (Eds.) 1997, Cold Spring Harbor Laboratory

Press, New York).



the host cell . The present inventors identified a
sequence within the LTR se quence of proviral H'V DNA

whanws08p930 % honol ogy to the | oxP site. This SPCUEPHEs/000021
referred to as | oxLTR (SEQ4D NGO 1 ) and belongs to
the LTR of the primary H V-1 strain TZB0003 ( BLACKARD
et al., 1999) being part of its nodulatory U3 region
(sequence position -262 to -229; where the site of
transcription initia tionis +1) . The loxltr site is
a 34 bp asymmetric sequence that has 50% sequence
simlarity to the sequence of the | oxP site with four
m smatches in the left elenment, six in the right

el enent -an e f . aGRh ur;
nElSTBOLEOg ERIBLELSHY PAL SESUL 9hten (SEE Lo cne
gddmmd @&LERh@&tquenaelastaesDNstbata reheopmesenSelected from

i nventors have been e to produce ai
e Gl R A ae o iHeS PARESEE, FubBrr v ERie . Gogpp  va-
sTEOPENESr PhEsRAY kAras HMEMV)|, onguriat nTnalelnepeaikemia virus
This is the first tine that a single Cre related site

Tyisect 1 i(ETFEcbhbi Ha8aNwds Yeer atebePitt ViR 8ndivREs Hn (HTLV-

Ile)syn@ﬁﬁférg tarcgel Sidifen@Bntyivys toypde 1r eganki-n3seSsimian T
known in the art, the re conbi nase of the present

ce}lrivelcﬁmwnraec@gﬁm%egypar dét GHds hlpat Besrideasipmeaniy virus
ﬁﬂg NV &R i RITOL rgonﬁ@ t\neru%” 92"&6\}) t@r{cgeltiof‘d)rﬁ@y 0Elurlne leuke-

nati've Cre reconbi nase. The devel opnent of tail ored
myreecomisnddedivhat specifically targets asymetric

sequences within an HHV-1 LTR all ows the excision of

the respective provirus fromits chronosonal
In nd eguathen préﬁezmedwambﬁdmmeﬂgot&hﬁl:ﬁ@ﬁnvwnus is a lenti-

v:arrtil\éetﬁera ected robr&”‘&lfles ér oup hgo se{ss’g{]ngké)%l ﬁgmérrl] S.Hx%unodefl—
ciency virus Type 1 (HIV-1), Human immunodeficiency virus Type
2 (HIV-2), Simian immunodeficiency virus (SIV), Feline immuno-
deficiency virus (FIV), Bovine immunodeficiency virus (BIV),
Maedi-visna virus (MVV), Equine infectious anemia virus (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’-LTR 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 evolution (SLiPE;
BUCHHOLZ & STEWART, 2001; see also WO 02/44409).



other tailored site specific reconbi nases can be
generated that reconbi ne divergent target sites found
WO pooslog3ogenonme of retroviral provirus insertedPCTER200$1@00021
genonme of the host cell. Camndi date sequences can for
exanpl e be determ ned on the basis of honology to the
present | oxLTR sequence. Exanples of such LTR
sequences derived fromthe LTR of other H V strains
wi th honology to the | oxLTR sequence are shown in
Figure 2A. The proviral DNA inserted into the genone
of a host cell is preferably the DNA of a retrovirus.
Retroviruses conprise a Iarge and diverse fanm |y of
I% l%%ﬁ%ogyA VE%useresen hgllng§£K Eﬁ%tHﬁg QIcthld encod-
S replicative strategy whic |nc udes
1n@SSlﬁfﬁlat Skaps tdie reverseed raersmbmam ohat hesvrarcajlve on
RNA into linear doubl e- stranded \ nd t su uent
SRR G Cor AR BRALES G P4T L ONATS L (e GRROREEovE™
raf oNre hostiegbtl. iRebr e ragRSearions ubshnd e iptdssion vec—
seven groups, ~de fined by evolutlonarZ r el at edness.
topisy %t ORBSEIGr GORSHEATSPHERT BRPEESSHMY t 4he proteins en-

cBR¥ 1BN-thanghy GRETR- K€L HHVLE USIn I BRE €§BBEOEEt EQ¥hI USBEession
wi th oncogenic potential, and the other two groups are

veherbemelyy ieusds hamd Seid -SpaRbGE Finsese Xt Ao IRAREAmal vectors

| I
oI BpILISaToS o) PNETLRUY WSaRuiP Rttty these

exppalesaipet roag rarss gn@@éudﬂhltEﬁﬁSﬂ?%@FDSn@lru§e% Huais lational

re$&§%§§gggho %g %%{&Se%.ﬁﬁyﬁhQH%k%ﬁp% tQQIXuElQQQ acid en-

IVI s group (for a review

cdﬂmagtheestanrbweﬁtnaddmbmhas§e¢f(ﬁhawyyasénofiﬁﬁﬁﬁ%ﬁ@mrA
HUGHES SH, VARMUS HE (Eds.) 1997, Cold Spring Harbor
Laboratory Press, New York) .In a preferred enbodi nent

THh et O VT ¢l t dNA dgemiced i nie@etrheto 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 sequence, and a ribosome binding site. Eukaryotic
cells are known to utilise promoters, polyadenylation signals,

and enhancers.

Nucleic acid is "operably linked" when it is placed into a func-
tional relationship with another nucleic acid sequence. 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 positioned 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



genone of a host cell is the DNA of a retrovirus
sel ected fromthe group consisting of Muse nmanmary

WO 2008083981 rus (MMTV) , Ma son Pfizer nonkey viPOBEEP2008/000021
(MPW) , Human T cell |eukeami a virus Type | (HTLV-1)
Human T cell | eukema virus Type Il (HTLVII), Siman T

cell leukema virus Type | (STLV-1), Siman T cel

| eukem a virus Type Il (STLV-11), Bovine | eukenia
virus (BLV) , Feline | eukem a virus (FeLV) and Ml oney
murine | euke ma virus (MOM.V) . In a further

preferred enbodinent, the retrovirus is a lentivirus
besepkcwmmhduanhOth@eghoap c@hé|@$¢¢quﬁeﬂﬂfﬁﬁﬁ theuhagbpred re-

comfvenC %)”ﬁﬁﬁ% %ﬁ%vygygylgflgﬁpk%#g} Qgggigﬁeyggtors, and

VI TUS Srm a defi i ency virus
suifﬁh@e ﬁ&gunaaomyHEBQude¢e$l@mmyummmusn(EhV)artBﬁvrn@ variety

of noq§_|0|ency virus (BI'V) , Maedi-visna virus (MY
%ﬂ% $Sif ecti ous aneni a virus (ElIAV) and Caprine

arthrltls encephalitis virus (CAEV) . In a nore
preferred enbodi nent the asynmetric targ { sequence
t

ThRQEHPIPIPEAOPN VECEHT( 456 Yhe et REBSBR™t hBVPPRERRL maY Pe @

re%Qgeﬂkb@nvé§t5903£|§€Htiﬂlb&1hvé@@o§ -4 THHand, R8s vector or
“LTR of a HV provirus . Preferably, said asynmetric

ang aadgﬂétovs-éq&emq%m HeaVshy bbf hat FEeferreR Snpadigent the

exgreégﬁoﬂf V%c'i"o\f PEQViS US.hasyt hel sectencessRicded t Brom the
This sequence is referred to as

grb@plmpnsnﬁtanpr@feﬁﬂé@ienbéﬂ“henﬁqﬂhe‘h@t%&ﬁVTﬁerlved lenti-
le%% 85 ?'rfghﬁgv§¥QiU$é Qoﬁgp%fgdfép é£§hﬂﬁgrﬁgké¥1bed by

€ present inventionis t
Scwubsm{&ﬂEaULnKéGOpoote|n evol ution (SLi PE; BucHHOLZ &
STEWART, 2001; see also WD 02/44409) .In the nethod of
the present invention the nucleic acid encod
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



ing the at | east one tailored reconbinase that is
active on the asymetric target sequence within the
whIHs08398he retrov i ral DNA is cloned i nto anPCT/EP2008/000021
expression vector. Expressi4dn vec tors are genetic
constructs for expressing the proteins en coded by the
nucl eic acids within the vector. Such expression
vectors nmay be either self-replicating
extrachronosomal vectors or vectors which integrate
into a host genone. Generally, these expression
vectors include transcriptional and translationa
(Epsgaf aeoryl nuc? @& girar operabl vy 40 (ki HARGENHAGH Nl T USSBNEGGER,
Zoggbd en coding the tailored reconbi nase of the present
éntion. The term "control sequences” refers to DNA
sequences necessary for the expression of an operably
i nked codin g enqg LN a artic Iarr%%s%tog%
InTie Tf rot e S UEhcEE YIS e S uitt S abi & *For
coﬁéﬁk&ﬁyﬁf@Spr&@ét@%a@Dl@eri\fmtlnudae tthqfeandtier ,selected or de-
optiaonally an operator sequence,_and a riboso
rigpAditRgTsitE. By Y1 sdeinds S I 15 ?J{Te?yg%negalom_'
ruBl OBl SaRYmpadeisat ik isiednedSkerdind enhacflSated retro-
Nicleic acid is "operably linked" when it is placed
virHeesa f PROSPHOAANCREPRIPRPR hi BSFt h ANGLRSE! rﬁft%e&“c focus-
fOQRHggS€99§QC§r Qa2 X AB R 2108 Reweken ghipgahancer is
operably I'itnked to a codi'ng se quence if it affects
the transcription of the sequence; or a ri bosone
TP LNAERG 1L b B OBELADEYC AT BifB0al Ao COH! RASHUANGR. inven-
if it 1s position so as to facilitate translation.
tibnpkithg ugdacgbmeppkshedebyorigarl@ﬁtawecbh®9©@%nls selected
restr.i ct| n_si 0 X
Ors%ﬁfﬁgtlc oPlg%ﬁéc gde agigf g %? P%k%?% %Fedﬁgév tives
themeaﬁcmkdawea\Mﬁdm(ﬂﬁhﬂﬂunnmuds4HspHMax1rdﬁas and deltaret-

transcrip
roviruses.

1on, the

In this context the term “LTR” refers to both the 5’ and the
3’ long terminal repeats of prbvirus having promoter function
(for a review see the standard textbook “Retroviruses” (COFFIN
JM, HuGHEs SH, Varmus 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 expression vector en-

coding a tailored recombinase and the further step of express-



tional and translational regulatory nucleic acid wll
general | ybe appropriate to the host cell used to
wexpsmes®3t he tail ored reconbi nase. Nunerous tyPEFEP{008/000021
appropriate expression vecueors, and suitable
regul atory sequences are known in the art for a
variety of host cells. The expression vector used in
the present invention may be a retroviral vector, a
lentiviral vector, a spumavirus vector or an
adenoviral vector. However, in a preferred enbodi nent
the expression vector is a lentiviral vector selected
mfyr diet Heigrags! corsinbriinageoforHia/- fusiag) \polypeptigle compris-
\@Q%&Aﬁﬁ%d 4@{& PR {)}J ooV 8 USig Lentiyidgl rd&GHOISase from
or exanple esc by SCHAMBACH et al . (2006).
thmwmnqﬁ&wqedcedb@@cndmns agfhet heepeisiomtse nyeaekbadt Hato the
res siaqn vector, co ses ceII I al
G BRieh Vaa T P ET IR er® [ HigenspapneRBibfRatnethoa fox
prepapasg ah bhprpse$entvénventeonodIM@ pr vaibdeed magchebinase
a consti Ytlve or qphlnducible pronoter. Further, the
ingPo Yt EPE LB €Fther a naturally occurring
pronoter, such as a bacterial, cellular or a viral
pronoter, or a hybrid prompter. mldﬁmmnes
EXRiCSH 10BnBiEn&NEl BREABECoRCADr BNERIANGNENDr bAbE BFSd aF gCOmbin-

asknOW e tihe Ardn B A disafddtd @ fiegerto step (1) of
invention. Further, the pronoter used in the present

thienvesrithosh ey Eanesf@vd@ga dereXREgSAE Of wHaurengsiing a tai-
lo(}%%urféé&lbqrrlgggt &an dc%fﬁ/fgd 1ngf BoPatiiably bacterial,

occurring pronoter as used herein nmay be a conbi nati on
ingfecti sractanre ldhamerrseobioni AEdtendm Proaveer sobher expres-

%Sg%gg%% so th&f Begkeogkglﬁa alQB %Srgﬂgh¥§éaz M&¥hods of
tai ned etlon or tron of cilsactive

introducing exogenous nuclelc a01d into mammalian, insect or
bacterial hosts, as well as other hosts, are also well known
in the art, and will vary with the host cell used. Techniques
include dextran-mediated transfection, calcium phosphate pre-
cipitation, polybrene mediated transfection, protoplast fu-
sion, electroporation, viral infection, encapsulation of the

polynucleotide(s) in liposomes, 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.



elements within a specific naturally occurring
pronoter (EDELMAN et al ., 2000; ALPER et al., 2006;
WORRSEMNBACH & FUSSENEGGER, 2006) . In a nore pprel/2P1008000021
enbodi nent of the present udvention, the constitutive
pronoter or derivative thereof is selected or de rived
fromthe group consisting of pronpters of cytonegal ovi
rus, Rous sarcoma virus, nurine |eukem a virus-rel ated
retro viruses, phosphogl yceroki nase gene, nurine
spl een focusform ng virus or human el ongation factor 1
al pha. In a further nore preferred enbodi nent of the
Ther dsesit taven tised, fdie erduebbledpridsotterilnred recombinase
der| yatiy, f gl e e 0
e R B e o PFREE L TR o e FEALY Vi LT netuding
pﬁ?&ﬁkyedltrcnnlkﬂuﬂ siuchsess sSpunmaekrupés arfterial cells or
el taretroviruses ntext the term"LIR
YS2Ster S bdth ?‘ﬁ}éa%YOtJa%dc?fcﬁ 53 SuF%nSSt g% nafample insect
cdlepeatrSmahmpl Oxh r el havi ng pronoter function (for a
review see the standard textbook "Retroviruses"
(COFFIN JM HUGHES SH, VARMUS HE (Eds.) 1997, Cold

TheP I'd G AT Bofvdrdiona fuafthd? @sov iR ¥orddghod for preparing
Preferably the inducible pronoter or derivative

a  Heprpionng s Adwkt o8t OF GErivedIREGHY R ISTRRhod comprises

crderd ¥atdves Iheieae dasd V?Qrf E)Q@IPHEYn!; Al VaxdorddMon vector
El AV, CARYV, SlV FIV, BlIV and HTLV-11. The

eqnq@yﬁm ai redAvired ﬁ@ﬂpﬁbﬂnpﬁévﬁﬁéstbenﬁ?ﬁé@efo?tep of intro-
d%g;% Ttﬁ@ ?ﬁgqlkgﬁgg K&ﬁﬂﬂygngﬁgﬁlﬁggrghn'ﬁﬁﬁdaﬂgkgﬂgntioned

rses or enenti oned or pr epar'l ng an _
meshtyprde s 1o e nege roim ae re re ok pige $5 ke | vretb 1 eeopdd ok e ahgilored

the, further stegrof expressing fgat&ylto %%m cell.

LSRR Ss & 0r Pusion % po ype}%lde conp
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 cDNA, 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



ing the am no acid sequence of said tail ored
reconbi nase fromthe nucleic acid encoding the
WO e@dki9BBse i nserted into the expressi on vectPCT/EP2008/000021
obtained in the aforenmenti aned nmet hod for preparing an
expression vector encoding a tailored reconbinase in a
sui tabl e host cell . Expression of the nucleic acid
encodi ng the tailored reconbin ase cloned into an
expression vector according to step (1) of the nethod
for preparing en expression vector encoding a tai
| ored reconbi nase can be carried using for exanple
tabgetesitks Rnsediféerambmélpantégpresgedn s¢yssews. the wild-
Fbmever ot her expres sion systens known in the art
tyﬁa ) %%bbéa%%ployed Met hods of introduci ng exogenous
nuclelc acid into mammal i an, insect or bacterial
hosts, .as well as other_hosts,

Ing B8 SHVSSUER [P SaPYCNFER B Ra Ubedrhe method of

théeplBkgHes inkehdilendaxkr amemedicatead tacamsfseeficne®d, set forth
caIC|un1phosphate pre cipitation, polybrene nedi ated
ast SERs &b t¥dn, 2 prBRopPaseEnt 58 R é]eéefni"éBGFattPSnlOXltr se-

qu¥hkal sbpf £5ELOMN s eNRARSIIN: an of the pol ynucl eoti de
(s) in liposonmes, and direct microinjection of the DNA

into nuclei. Fusion proteins are prepared by nethods

21981 i o dl 0, 48 Al tne FOE r2X2ERLE, otfhetk‘?é(pBSé:"?éP@ acid are
vector the nucleic acid encoding the tailored

varéeohbi rdsehies miokwid | acbd abeandyceonprhiredabiudihg grethod
ofse;qlléeﬂvcre% é?‘xCCOd_JL naC1 %C ﬂga@g%%‘ggp%kdﬁeg prS%t eﬂ nsm%ylarity,

cloni e nucl ei ¢ aci d enc e tailored
preée@nbdnaSeleastréﬁe m&tmlth61sgqun@n@ pfefdmeresbegndleast 70

oo} de or roteln th s uen S_W be

%BﬁgggééyaSeY53|oﬂr%r%fe AT TH e%ﬁﬁlééuse Lpdjarity and
moexpmﬁgﬁmﬁgeﬁhenialé@sed9oeebn®1mﬁ&nxlty 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, 098

or 99 %.

In a further aspect the present invention is also directed to
the expression vector 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.



fromthe expression vector are preferably host cells
i ncl udi ng prokaryotic cells, such as for exanple
whawsesival cells or yeast cells, or eukaryoti CPCEEP®)8/000021
such as for exanple insect 4tells or mammal i an cells.
The present invention further provides a nethod for
preparing a transfornmed adult stemcell, wherein said
net hod conprises the aforenenti oned nethod for
preparing an expression vector encoding a tailored
reconbi nase and the further step of intro ducing the
expressi on vector obtained in the aforenenti oned
Innet lvoe feoregr epRpidgean eRpr basionedeteopmhedth Rretein has
tail ored_regonhj [ [ in U{ e ad L -
g anng) et TR paREe Pl EOBA 112 BB E T recom
binasdi weet edrhedt Tee nfrot diTR asicdméd nelbeai nabl e fromt he
af orenenti oned nmet hod of the present invention. A
"nucleic acid" as used herein is a polyneric conpound
A166M Pid BetkOf weoNaheniley émbkeitheaububift staidldmi recombinase
nucl eotides. Nu clei¢ acid . include ol yri honucl ei
PTAEPANERNAC AHEE Ol FHEXYPIHORES! Gile BRFd STBRR) 2C bt feduence
sc®f AMHLEN JBYSHIE 13 NG £- $1 I aRdlesk 51 Woubh @ $d ¥ advked. will have
DNA i ncludes cDNA, genom c DNA, synthetic DNA and
a FAALERPRt IFeidapiAY [oF iats 1esddedt Tsperie thee il @ se-
qdoicd tained by Jehe dmethad aofp thes presentty NVAM iRdst pref-
iIs a nucleic aCid encoding a tail ored reconbi nase,
enpidiveian samiengel grigd legddabiotasd rlecsbi Hess asynthe sequence

seqet{oirccht aarsqeéchefweI@(geS3W %H' g %Qee%ﬂfr\eﬁt@rgﬂér §§milarity
inserted 1nto the genone of a ﬁost cell leading to
widdcitsi @rs dfigthesprowi rils f3omihe Yondie of7 4 8 ostd9 3. As

fé?ﬂéu%#g¥§eégiégﬁ.?%MQY?E{%%t§Eg§%f§té%%€g§%c“ééﬁgegéquence
romthe target sites o W | dtype

homology or identity, with identity 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



reconbi nase . In an enbodi rent the nucleic acid

obt ai ned by the nethod of the present invention has
wo b@sosBei ¢ aci d sequence set forth as SEQ | DPCIDEPR08/000021

and recogni ses and reconbines the loxltr se quence set

forth as SEQID NO 1 . Also included within the

definition of the nucleic acid are variants of the

nucl ei ¢ aci d sequence obtai ned by the nethod of the

present invention that have at least 50 %simlarity,

preferred at least 60 %simlarity, nore preferred at

least 70 % simlarity, even nore preferred at | east 80
intpsioeilllari thecavdestepr efer pedl @blieeds? 0D@ss, the cell mem-

L Laci t.q t.he nugcl ei id s e t : ;
b R T T e
seljeeasehi gh ps098in92¢af3reH4lt Obn G @FLale8 of Y%ege  fusion

In a further aspect .th resent Jinvention is S
pra:g?éefe&ntt8 tcﬁ2R3XprI€s§°|h%n C\?gcr:lt o b eaJ‘lnnacba}Jle 1?I}eonm perform
itsheuateierentiasedppetiod oécohieipiesent inaehin®nCré recom-

further aspect of the invention.i.s the tailore , ,
biPEEsnbPAYSe BRRSt o1 1T SRS SUHLAYn AT VPFGh fAGO. cells with this

appkeb8AENtH@RLde FERNQY Gfoobhe pIEsete dmdveitt | isomBitfhase have
term"protein" as used herein includes proteins

fusshgpepeEndele saridasefty I DRSS hi BH - be 29060 e@rigt deithyet al-
(2blese iHande andis therue)Likapchd seadenrceidfivdie the tai-

invention can be used to generate protein sequences.In
Logegr efegiombd nepBdilment ehe st &0 oI ce dgifbi Biegei rus  from in-

reRbQliel.a has the amno acid sequence set forth as SEQ
eIE EKI % . This recom bi nase was ternmed Tre for LTR

reconbi nase
Thus, the second polypeptide in the fusion polypeptide may
comprise a signal peptide. The signal peptide may be a protein
transduction domain such as the TAT peptide or a peptide from
the third helix of the Antennapedia homeodomain (DERrRossI et al.,
1994, 1996; Vives et al., 1997; Vives, 2003; RicHarD et al.,
2005) or the NLS (nucleus localisation sequence) for deliver-
ing the fusion polypeptide into the nucleus of an eukaryotic

cell (Macara, 2001).

A further aspect of the present invention is directed to the
adult stem cell as obtainable from the aforementioned method
for preparing a transformed adult stem cell of the present in-
vention. The stem cells are preferably infected or transfected

with the expression vector according to the invention.

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

the aforementioned expression vector.



Al so included within the enbodi nent of tailored

reconbi nase proteins are amno acid variants of the
w@nionos®ei d sequence set forth as SEQ | D NGO 3PCT/EP2008/000021

Preferably, the variants w4bl have a sequence

simlarity of at least 70 %, nore preferably a se

guence simlarity of at least 80 %simlarity, and

nost pref erably a sequence simlarity of at |east 90

%to the sequence set forth as SEQID NO 3 . In sone

enbodi nents the simlarity will be as high as 91, 92,

93, 94, 95, 96, 97, 98 or 99 % . As for nucleic acids,

sinilarity in this context neans sequence honol ogy or

nt| th i de refe . ' : +

Hem gﬁgFl%ns¥i ég %%rﬁﬁﬁgg Sgﬁ%ggéfgngggggw derived CD34
cdhmshanues1k@mmnbenzmimiﬁmdd asram eGoQsF +matoll hibosd peripheral

t he nu ic acid honmolao. gi,es .. In a furthe referr
O ot e AROERS (81 For &1V SEaREEREs STHSPeEh Ty Sugihe leu-
kdphepcepar edcasrasf Bsirgn 2002y pegthiede,n wdithy Heabnigaeby modi-

well known in the art. In a preferred enbodi nent the
fies Ic6rdd PéddnbhrRske pac%%réﬁlhs‘?% itk dd 824 188¢6nd

poly peptide. Preferably the fusion pol ypeptide is

obtained fromthe aforenenti oned nmethod of the present
I nykat isgwtenhef eithet hertai [tBred 2 BB oNBItARsCF S| nkegignates
cdi9 A éﬁf@r{‘d (B! yReRt ide ELgheiably, o‘fhesetl%ur%%dzal and (b)

reconbi nase protein is prepared as a fusion
tkmolcw@mhldéyt 6oi Aormast erpsésonenanfinoftenr ehepmpee of spe-

di t tal] e 03 ro
Cla 533 é?ﬁi n %o g%egtlggﬁgﬁga%$%ﬁ¢lntﬁ: uc%??é%%éh capa
bntﬂie:ypol@qne‘pml c&e dearirrlri vicA@leel AslulTypiteal lagllpurddn doe iso-
of eLns canppt ente |nto cel |s ause the e
e %m%agégf%e Lel FRER e%rane égﬁgi he|r¥§$§edggkerentl

a tdaveMRTiv ifdusilen SbchpembﬁlCepeptadeSreferred to 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 viral locad in a subject in-

fected by a retrovirus.



sequences to proteins can result in the uptake of
these fusion proteins into cells. In the cell the
w@e@s®sI3can then performits function. Site SPEDEP1008/000021
reconbi nases, including Cr&reconbi nase, have been
successfully delivered into cells with this approach
(PEITZ et al ., 2002). Cell-perneant reconbi nase have
further been described by NOLDEN e t al. (2006) and
LINet al. (2004) . Hence, this strategy may be used
to deliver the tai |ored reconbinases into cells to
renmove the provirus fromin fected cells. Thus, the
A sfemherpcslugopepttu od ithet hienfandiiom ped Yot Perrmageutical com-
co rlse PER e -
poﬁ%& ano rans %Vo o%g?ﬁggﬁg gggéh@gg%#gpég??dgﬁ afhaceu
tlaamepbmﬁesitmumthe phefdrihﬂyxpxéstm Ant emnafpedi 2of a solu-
meodonma DEROSS| et al 94, .1996;,.Vi.V| al
tlj?é‘g?”l%‘%% 903 “ R GRS eatpp ldatﬂ()’é‘sfl“fugh f\ILS
gnucleus | ocal i sati on sequence) for deliver ing the
usi on pol ypeptide into the nucl eus of an eukaryotic
Th@elPh%$W39$H$l%%blfrepﬁFFEF?ﬂeﬁmﬁépéBthFrtHE’ gsent °n¢  ©°F
mdraVeBHAmd e udiicaatigd taddigadd t siemeeld) as excipient (s)
obtainable fromthe af orenenti oned net hod for
ang¥/ eparddip vt st of deel il t S¥EeRieREP 6Pt RPN Suit-
a1l e iihey S}%ﬁ&@ﬁﬂé@tﬂfﬁ s Al dod nfectigh® in the
transfected wth the expression vector according to
arthe invention. In a preferred enbodi nent the adult
stemcell is a stemcell fromthe hematopoietic
| i neage expressing the tailored recom bi nase, the
Tnﬁcmhmmmﬂdenﬁitéhsbomppsiyp@@tk@b e compsesfngintdeation re-
or nti.oned 18X reSS|on r oj.etic
du%ﬁ %%%Hgéfuare gne narfg%- é?lvggggégg b§'LOx8LEBYirus
low 5.000 genome egquivalents/ml plasma, preferably below 500

o

e-

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

nome equivalents/ml plasma when administered to 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 (Dyeur et al., 2002). Thus, the virus .load

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



cells, which can be purified from G CSF-nobilised
peri pheral bl ood of donors (e.g. H V-infected
W@200808393) by routine | eukapheresis (SCHERR & EDERP2008/000021
2002). The in vitro genetically nodi fied cells wll
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
spe cialised cell types due to their asymetri cal
division capa bility (DONOVAN & GEARHART, 2001) .
plAduibt-asherh febmstbanpbeibso | Guedefitoym difdes emte three main
N tlssu?svof Ja_l go & fromdl feerentl at ed
YPREi Vfdiafel Suth s? M tel1s are referred to in the
state of the art as "nmultipotent adult stemcells” ‘
The essential difference between enbryonic Iur Qo N
ot S oRTV KAt St 16 A AT Hoh ST oGt B ZBF FaOF | BaEFR Feaction
the nUWﬁ@£P@§)dlﬁﬁﬁ[ﬁ@éf%tﬁdvtlSﬁbﬁﬁtoﬂhTébtﬁanobﬁe Diagnos-
obtai ned fromthe respective cells. In a further
pr ef er Eé8Senbodi nent the present invention is di
rechedpl.on Mg+ Jyd iR pngel !b°Db(Ab| ;000 66844 €Y Oftv RNA Assay;
HIV-|nfected pa tients . In a further step of the
met hodBaterhBlpgeeehicsnvatt i on the expression vector
conpr i e I n a -
o or BH et g SR a ] B R POt Mo Fingam -
si on prodteensdr AskevadblioMsteewmxcel | obtai ned by the
nmet hods of the present invention are prepared as a
pharmaceutical conp o sition for the reduction of the
Invi &alpdedfad ried aemdujljamdnti ntﬁectpéﬂirbly&caultét:aéviCFQJEPQ‘SitiOH of
further subject of the inve |on 'S the ceutica
RS R TS &?Vg&tépﬁedsb)?af)ﬁg Sf SF eHBAT |on%d£1mal hod:° load in

a Hhewy macRibted by a retrovirus below 5.000 genome equiva-
lents/ml plasma, preferably below 500 genome equivalents/ml
plasma and more preferably below 50 genome equivalents/ml
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 viral load below the detection
limit of the virus 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 viability (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



tical conposition is preferably present in the form of
a solu tion suitable for intravenous application
w@ 200B08396n) . The pharmaceutical preparati on nNegI/EP2008/000021
further conprise one or noisg pharmaceutically
acceptable carrier (s), excipient(s) and/or adjuvant
(s) . Carriers, excipients and adjuvants suit able for
use in a pharnmaceutical conposition are known in the
art. The pharmaceutical conposition of the present
invention re duces the virus load in a subject
infected by a retrovirus be | ow 5. 000 genone
ceddai valrentnsitm lquigesnale tmodhdigh| whseliog 30@ tgdhengyiral res-
equi val ep g% I ferably bel ow 50 ge
erﬁgﬁé é&uf%§§£% S %fﬂ%fggﬂﬁﬂ%ﬁ%ﬁgg mnistered to theg
subj ect. Thus, the pharnmaceutical conposition of the

present inventiaqn conprisjng an _expression_vector .
Th@nc%rb"i‘ﬂbacaelfta]ﬁagr e OPERBRbT HAs & EoF "Eha Yt af hieer the viral
1checembireasevasudcpr eteedtod fushobhpohyopeptonieioriray of the

stemcell conprising the expression vectaqr). i s capable .

C&ﬁiqy virus

Moger SRFEIATY t HEPRHT ugt Fiihd | T%)suEPéEP ifécted"
(MBMUET T MilalhS Y€1 di gakémda t fergenelbe mes@rmoi-)Qf Human T
retrovi ruses within hosts cells, thereby preventing ,
cefldr tiearkeniipe véyus SRS tThe(RATIDThe> ¥edn Vi Fost Leukemia
vihQad'r@x useqsheren refighsnt or ther H YoRNmeguiN@Lentspe 11
i.e. 'denones) that are associated with 1 m of the _
(SFAfi-@AD '\, s Boivaswen JeDVBOLaetviglus RIOD), Fahire teiekemia virus

I-kAS | gag i t ] ped - ing thewsont ent of
(é\%LEIgI a%gfgggggaﬁ%ﬂﬁ%b%%%e a‘?t{{)lml%he( pat | ()ent.
Currently, there are three main types of viral | oad

h?%%a %a%%ﬁhh%glefe%é&rghveﬁgédﬁﬁggEsgetrovirus to be treated
r-anscr i ption-pol'ynerase chaln reaction

with the pharmaceutical of the present invention is a lentivi-
rus. Said lentivirus is preferably selected from the group
consisting of Human immunodeficiency virus Type 1 (HIV-1), Hu-
man immunodeficiency 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 1s selected from the group
consisting of Thumans, primates, monkeys, cattle, horses,
goats, sheep and domestic cats. However, the subject is pref-

erably a human being.



(RT-PCR) : Amplicor(tm H V-1 Mnitor Test; Roche
Di agnos tics 2 ) Branched chain DNA (bDNA)
wo/essasiot m) H V RNA Assay; Bayer Di agnosti cs;PEREPR0§/000021
Nucl ei ¢ aci d sequence-based3anplification (NASBA)
Nucl i Sens (tnm) Assay; bioMerieux. In a preferred
enbodi nent the pharnaceutical conposition of the
present invention is capable of reducing the virus
load in a subject infected by a retrovirus bel ow 5. 000
genonme equiva lents/m plasma, preferably bel ow 500
genone equi val ents/m plasm and nore preferably bel ow
50 genone equi valents/m plasna. Patient with a virus

'oadpgereg g&'éggg gGaame @my'gﬁakggkééeicgia%%Rp@setlon is

cons be re atively we justed to
foredioaicnal ttneatdent i s Howeiver , witte gdedr iacttive eagernfisDDE the
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currently bel ow about 50 genone equival ents/m plasna
In this context, the inventors were the first to sh
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host cell w thout negatively affecting cell viabi

ases@adrifggien9 (FuLicnielerat redtdPent LOFEPRT ot el c'eI%O@
with a tailored reconbinase ac cording to the present
invention (1) retroviral DNA within the host's genone
InamchotRervipngs epaedi emboBdndhhgthrorhpralaceeltes] scoppesition

igh OEO]J og]cgr?lnldsegtr%q:&%w on%?n‘%tggl £l I'E)qt (}H)%e\ﬂure%l & global im-
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muplear aatevdtcat chepesyt i on mrefcdifdll yacetuglebon hef provirus

viral
gene expression.

The premise of immune activation therapy is based on the hy-
pothesis that deliberate activation of latently HIV-infected
cells may aceelerate 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; MaARCELLO, 2006; SHEHU-
XHILAGA et al., 2005) due to the fact that_global T cell activa-

tion apparently also induces viral replication and increases



| oad of retroviruses selected fromthe group

consi sting of the Miuse mammary tunour virus (MMIV) ,
woamensPBi zer nonkey virus (MPW) , Human T cePCT/EP2008/000021

| eukem a virus Type | (HTLW41) , Human T cell |eukem a

virus Type Il (HTLV-11), Siman T cell |eukem a virus

Type I (STLV-1) , Siman T cell |eukem a virus Type 11

(STLV-11), Bovine |eukema virus (BLV), Feline

| eukem a virus (FeLV) and Ml oney nurine | eukem a

virus (MOMV) . In yet a further preferred enbodi nent

retrovirus to be treated with the pharmaceutical of
thehenpresent £ | peephioali ¥ lemangqtuscelBaj geyond the level

lLentivirus is preferabl | ect f he ,gro
th@%nscfaé}i%% SPnEﬁﬁﬁ 4 %n@%‘e |C%A€§Q%%u%lwpg%fo) further
spedi¥it) treldmaamsi nmenotkede csencytei tusatyp@v2 (GdleV-@proach

15 PR Ry TR 8, G Mhene FRI D Gutescent vi-

réﬂﬁ?ﬂ%ﬂkﬁéﬁ”gﬁéd&ﬁﬂdU§c{f%éﬁion“@edﬂatbﬁﬁapmbwusuéNWkne ex-
, Equine infectious anem a virus (ElIAV) and C%Pri rge

PrESERPPt I YerRGe pHAMITIaE R LRI 2 9w fert i PrPol @S-

£ POV QU 1 ithhes PefgONnekbh! @ tbrihBe rart, tdratcHt hbth appear
present invention is also applicable to retrovjral _
td rfeRsttiivene bha temier etlr oVl ritses2R#RAFS hoSeCthitt dnelrolit-

ef#$¥%%‘ %M&%ﬁﬁ&m tBﬁo@PPJ%&Jréd%%%ﬁtegh@y & TRHQW HBanscrip-
t'he pharmaceuti’ cal conposition is adnmnistered to is,

t iswladctack fwagmdrheo fir BAF-¢omsiyvst d hep obeh@rdigved by histone-
I es _scattl. or , at S d ya1 -
oSS, USRI S hoiRs, SO2Sn SPRERANY varorose
adidyancteai ngerdmtwe Joref erdwck endodimerth tdfe HIV-1 from resting

armaceutical copposjtion is for .concom t )
c% rﬁ'ht‘#ﬁﬁrb%e v hc%i%“éra%c?(i:%levaatgleon s[ o¥ %8’ h|288f3§/ LEHRMAN
etGii e 2antir.etroviral therapy (HAART)

However, global immune activation therapy or specific activa-
tion of provirus gene expression or similar therapy strategies
greatly benefits from the concurrent removal of proviral DNA,

thereby reducing in the patient the pool of infected cells.

In a further aspect the present invention is directed to an in
vitro method of optimising the treatment of a retroviral in-

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-



The highly active antiretroviral therapy HAART is a

conbina tion therapy targeting the viral reverse
WO e@nas8IBPt ase, prote ase and fusion (GULI CK ePCHEP2008/000021

1997; LALEZARI et al ., 2068). In another preferred

enbodi nent the pharnmaceutical conposition is for

adm ni stration concomtant or subsequent to gl obal im

mune activation therapy or specific activation of

provirus gene expression. The prem se of inmmune

activation therapy is based on the hy pothesis that

deli berate activation of latently H V-infected cells

may accetelaye terddiredt i xar b ipassisstiente vRLapafEsdeen pre-

vVoi rs. Erggg ation would occur via immne clearance by

pro granﬁed eath of those cells actively expressing

H V-kt) ( ptoapaptottclepesbdunesof Kbk KASKNo#N BRAYOmR DB ion se-

. G obal inmune acti_vation (activation of_i ne

cells, i ﬂBFH‘d?ngeﬁlesstﬁ’ngthPI 3 ICSTRSGEA S ACHT eveg TrOm  the
by, for gxaupl ecnadstihgt &t iaan efpiresrimt oxeéasor comprising
cytokines (e.g._ IL-2), or T cell activating aptibodies Fi-
(e.g. OKFBy nirheifedrt? thehadid ik Fﬁ%ﬁﬂ inase Speciii
activatignieonduebgditongeshiiberabehy racbhyahetion sequence,
HAART-resi stant | atent reservoirs did _un fortunatel ,
fail to peifakentPyed| rAFABRPENEFS: | 2aflSYPRaPTPEShBUREMPLLS
(for reviews gee KULKONUK & BRAG 2 Q06; £ MMRCELES 18P88; recom-
SHEHUXHI LAGA e t al ., 2005) due to the fact that
gl obal Tbdekkeaeti v tdadnl tapperrente il apaddi AYRERSS1ON vector

viral repll saldan.and.d ner Baesl b6, UIDLT oo RO e Ator the

H V-1 target celTs eyond e level that can be

cont ai neaebycHAARTo { FEASERL va1 al oad 2000)hef pubhiect:; otherwise

speci fic treatment Si’%‘fmehgr‘?\S??SarXft Q-thgak HEQ/ sME the left

appr oach 7l g teﬁe actrvation o ranscription o

ot herw seaqui-eseentind ithe 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 expression 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.



ral genomes. Specific activation of |atent provirus

gene ex pression may be achieved by adm ni stration of
WO b@sjosaBbol es ter Prostratin or the human cyPORER08/000021

I L-7, which both appear tosseactivate latent H V-1 in

t he absence of cellular prolif eration (MARCELLQO

2006) . Moreover, the selective transcrip tiona

activation of H'V-1 nmay al so be achi eved by

hi st onedeacetyl ase (HDAC ) -inhibitors such as, for

exanpl e, val proic acid, that eventually induces

outgrowth of H V-1 fromresting cells in absence of .
Incdifif dretdtad vat Fanl o MARCEEEONL DRSS LEHRNWANLEedgfor use in
th%o%_)ea:tm'ém\e'e}é%r a %Mmﬂ %ﬁ%tg' Vj‘ﬁ.ldnpna tP@E]?cRYiLOJl infec-

specific activa tion of provirus gene expression or
tisinmitdhart tikerspacisticaldgi s ighaamd ytberefonisife ommadiefic tar-

oncuy r removal o i ral . 1hereby. redugi .
oo TGRSl SLoPIR Al ApANREN S LR i,
If wider odspe $dguepnesenbrinveasi dounsl dirtdciredthe aTR se-

in vitrg nmethod of g tinisin% t he tn$ﬁ$nent of .8 e t _
EEEFSViITalY A F et O OF & °Stibj%e ct® “ MM $'avt hdd ~°7°< =° *€©
cor@Apel S€Sspbeisiepasgimed) idetingerti NgedlendwiCbei @ specific

aci d sequence of retroviral DNA present in a bl ood

relZeyi&ust Wlbht it ; NS SSBARRY ngF YHITTR séGudfite dfauences

wilth@ nSeaueReevafast 8Ra( 3f beheknowbrbecHIDENAIAPMWiI11l thus be
sequences for which specifically tai]ored reconbi nases

lasgvecnl rE¥a8ly BenSpEechparedin cx¢s i echberedoVdy@l DNAs

tﬂyh %%b@ekqQW%a@e%%qabQ%BiQerseﬂgwggéﬁ,eﬁésgédré§§ntﬁﬁs prob-
compound sel ected fromthe group consisting of an
leaxpradsi on w@@pdﬁktoﬁ@ﬁﬁgﬁﬁgally tailored recombinases for

treating the retroviral infection of basically each subject,
the present inventors provide an in 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 1is infected with is preferably determined by DNA se-
quencing using chain-terminating inhibitors (Sancer et al.,
1977) of the genome of the wviral particles within the blood
sample obtained from the patient. Other means well known to
the skilled person providing information on the sequernice of

the retrovirus may also be used.



the nucleic acid of the tailored reconbi nase specifi
cally recognising said known reconbi nati on sequence,
wa@ a00d/083B1 or ed reconbi nase, a fusion protein CPOPEPH08/000021
ing the am no acid sequenca&7of said tailored recom
bi nase or an adult stemcell said expression vector is
prepared as a pharnaceutical conposition for the
reduction of the viral load in the subject; otherw se
sequences with honol ogy of at |least 30 %to the l|eft
hal f-site and the right half-site sequences of known
target sites of a reconbi nase, wherein the honol ogous .
Inseqeences e Separdat &dthy aedhicdatihe st epe@tente obtained

innyGlgot i&hesisarsgahggat iehi-ed ARG tAIIEE ARt ddfuences for
target sequence”; ) performng steps (b) to (1) of
whithe afpeentintd bited tastlleogedf orepeepana ses amagepr esseady been

vect or, fQr .prepar_i.ng. an_ex i on vectar odi _
prfegl‘-’llrggéd%{helcsom %rﬁgsel%pggff%;%@%iyg?’eg%%‘g'fgni%%% t%%qnpaie com
puagyrbatedCcséqugete sepencies iadenrtdsidradthen bbonet he LTR

of proviral DNA, and (e) preparing the expression

vector obtained in step (d) , a protein or a fusion

1EPritei nTRXpEESIRA 11018 Spa f BX1 4 €560 YAacCtdle afldod sample
stemcell transfected or in fected with said
CoFRBEESsIAdn WSSorCR)s L BIRNGRCARTC BAN LIS 13 oGt asym-

nelehe o ediieddOnsQfuthee Vichal ot i 8 tha 1subidecteddnditiase al-
met hod a tailored reconbinase is Erow ded for use in

regRy tpdatmentheh & sarPerpdsgplerrag fFe AnPefFeyPrgpnsist-

idd“G%: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 virus 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.



tion that is specifically tailored to reconbine

specific tar get sequences of the retrovirus the
w@atosesiw3i s infected with. In view of the sequee/EP2008/000021

varieties found within theskTR se quences of various

retroviruses a reconbinase tailored to reconbine a

specific asymretric target sequence of a specific

retrovirus will not necessarily recogni se target
sequences wWithin the proviral DNA of other
retroviruses and will thus be | ess or even not

efficient in excising other proviral DNAs than those
it was tailored for. However, to address this prob | em

a 0 ovide, indi.v] i e c L ha f.ar
R e i S T i S
theubjetdiod tde presening neenespsepsdenhdeeghoin evicoddng a tai-
net.hod allowing op timsation of the efficacy. o :
LSl 1 R HEg L Akl G0 Cby Sl et S Foft preparing
art addpfdsrd oa necady nasedinat avi tdibpesd f reablyinase specifi-
recogni se a target sequence wW.thin the individual . e
Cahidy] FRPOBRIPOME ArSuBFIRPSFE F nf WBIEE witHieP ot bientified
wilt@hiroftdertn wict rihdret dogbwirdsherdiv@nihonhef wWpddd sample.
msing the treatnent of a retroviral infection the .
Thigc | i@ vWECitdhes BGE@RCE tdP r 8Er BvPPYP L DRRCAFREBABS| RegomPining
e 09t $AMI epRA R rPatieNtet Sodlet @ MAgd paltiehhi Sid i 58t fering
step the retrovirus the patient is infected with is
faomefidtaBny adeéeer nbhedt byl M™NA se quenci ng usi ng
chain-termnating inhibitors (SANGER et al ., 1977) of
t he genone of the viral particles within the bl ood
Theanghd a iolstdai dresc f immdrhep paitidad | aldveer fapansenel |(b) to (1)

otl;n&\{\Q ‘fngtggg st?blrj L;?pe;pej_rl%ﬁw Rh o\é&(glrgﬁsﬁ.g{}orv%%ttl N Htoding a
he sequence ot tne ree%ro rus may al so be useg. In

tasitleprddoreabmblieasa ®ilso cappetdwthadse LTR sequence

obt ai ned

Finally, in step (e) of the in vitro method the obtained ex-
pression vector encoding a recombinase specifically recognis-
ing and recombining the proviral DNA of the retrovirus the pa-
tient 1is infected with is prepared as a pharmaceutical compo-
sition for the reduction of the viral load 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 expression vector con-
taining nucleic acids encoding the individually tailored re-

combinase.

The recombinase to which the method of directed molecular evo-

lution is applied to in the above described the in vitro



in step (a) is scanned for known reconbi nation
sequences for which specifically tailored reconbi nases
whawe/0sd9seady been prepared. This search i s pep¢DEPB®AS/000021
by using for exanple com padber-based sequence anal ysi s
as descri bed above. If the LTR of the virus particles
found in the blood sanple conprise at | east one
sequence corresponding to a known asymnetric target
sequence for which a tailored reconbi nase al ready
exi sts, then a conpound sel ected fromthe group
consi st ing of an expression vector conprising the
mafddei £s achdsen tirem a | mléd—tw@nmeﬁaggigp@@i Pircadn yalready
t%f%ﬁ%@y ég%m%%EgsgnOW%wE e??th@aEEQBmﬁihgsesggd reﬁerably a
ailored reconbinase, a fusSion protein conpr|3|n8 t he
tamanedacrecveguerse O¢fesaguis ang oreds Figddilyl dafee gt asym-—
n .aduylt stemcell transfected of infected, w th X
i e LSS0 Fe f REd hB50e foh iy Sparhl hiRaOF B pre
sqpitarpmeeitdl aa)comosi ¢thaicd odepdreds eshucth@nhafiotdgy of the
viral load in the pa tient. This allows a fast afd
2 SRSl ST re U T ADEARI9R O ETFTRA (AP coular evo-
1t acthOp wet gy ield | €6 eat rFecaBinaase. (Hameryiid-type or
no such tailored reconbi nase has been prepared be
t3ighred)n PO nhe? LFRIGBHUERCEHF St g B ripy’ homology to
sdaldd d & thawnd Hen irke JH el MR8 al1S piaed th@E will require
I denti fying sequences therein wi th honol ogy of at _
addigsiorzd Wil utien efxcind ftei petand eheéPerghically tailored
rd@ds HAL Segyenses Oérﬁ@owe LR Get t$hiESoRfuing. As it is
reconbi nase, wherein the honol ogous sequences are
maepat bkely byhat spacexistibgl2andekredt irgeombAsagpsvaccognises
such | 0go q r r ned ri
B R
t @bow@udrare sstfigpun(da)i roft Heh el TRet hbidkfadredpm@lecular evolution is

preferably applied on such tailored recombinases. Fewer dif-
ferences within the target sequences require less evolution
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 (c) 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 1is performed to

ensure that the respective recombinase recognises and recom-



pari ng an expression vector encoding a tailored

reconbi nase al so applies here.In step (d) of the in
W@ 2aos083vet hod, the steps (b) to (1) of the nmetPCOERI008/000021

preparing an expression veesbor encoding a tai |ored

reconbi nase descri bed above are performed for

preparing an expression vector encoding a tailored

reconbi nase specifi cally reconbining an asynmetric

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
bipesvithgl DA IdH o e ymsterta\icr isinded paiduemce) e1so in mammal-
. _suf f ering o] Lthin_a.yer I I e, etal l
8 es{e‘ralllps?'i o{nﬁbgrno%%ggg%béée p}/foeff%gtaéég E{%)rf}%%(e% %}‘ rﬁ%émallan
ceidt hoa-H oasprisgiar | 0gl as, eXpilesseols vedtiokaendodeahgls, CEM T

il d ' I || h .. Fi Ly, i
oo, 2B o B P ST Rl 55 " kY "
pression vector encoding a reconbi nase specifically
e R R IR

imds thdPhardmeitd ¢ §0FRRrskikan fiakckheonedyctd oufect the
the viral load in said patient. In this context, in a

toidorker remeadinent tAEpRAr PREEGPEal ScomPasiad omto a col-

1R¥aher abd yspaY; £0pripecbheotodi veduabl ¥atak! ongdsr &tep al-
combi nase as a protein or a fusion protein expressed

lawsonthhecerpieystopn vedt o eplaesteancelfl d¥ &t effailored

hnt d w I S| yector. a fo
s
feommr ifses amasxpifesbieonthector Thongtrawnnagnpukeei ef tailored

reacc<:3i Sin%rs]%gdiwr]l htil?le éhr}Ldsi Vcizéjf?elétyiénai ir%l.eedasrees C@k@i nggability
tﬁat a tailored recombinase is available that recognise a tar-
get sequence closely related to sequences within the LTR se-
quence of proviral DNA a recombinase 1is required 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 is 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-



The reconbi nase to which the nethod of directed

nmol ecul ar evo lution is applied to in the above
wa@ewssived the in vitronethod i s chosen from aPCT/EP2008/000021

wi | d-type reconbi nase or amtalready tail ored

reconbi nase. However, the reconbinase is preferably a

tailored reconbi nase (recognising a slightly different

asymnetric target sequence than those found in the

LTR of the pre sent proviral DNA) . The choi ce depends

on the honol ogy of the asymmetric target sequences.

Al t hough directed nol ecul ar evo lution may be applied
codang redénwedasecprbihasesn | datigeipreamenyigrigy) vectors con-

r.ecogni sin tar S Lth . . : ,
coli B ance TR Tt RelT TP ERe B o e A ey
loredquireecabdddntsonalinepobtuéinnfcoyel @s torabtwect@rs comprising

specifically tailored,recombinase and wil.l _thus he B
o i cORNPHGOTART; EordORBre PCREPY"PRAT &t cPared ac
codisly B8 Gabhonedufeconbimasasctesegni ses an

asymmetric target sequence having cl ose sequence

honol ogy to sequences found in the LTR, directed

100 5 fy 1RO leitblo@Ami S £ PERE €EaPDl Ycepph | 861 Ofle SPESsent inven-
tailored reconbi nases. Fewer dif ferences within the

tioar geRMEERRMCEXPFRIRAME YRSEOEY oPDEPRIIEyBlEdets acids en-
cé&yﬁﬁj it c3REG! kheh bYeQf EREmb S8 Napke (PkSVedsion vec-
ousl’y tailored to recognise a different target
tegsquerec eheno eiftberadyeprhségaedcer wihl noge heteryd ehusempera-
savi ng. t] al ' t ]Q%pt L& -
Sty o‘%fl réa }n Sgtct [ 7odn‘fw\{ll n@ta&pirggefseoreflrr e%{%o |'rreI%{O of tﬁweor v
rdln widtog smetshodrthed eddit dac ynegfhogist werld 1t keoahr éadyghe art.
existing tailored reconbinase identified in step (c)
of the in vitro or the reconbi nase specifically
It abiDr edei Bbsieps (dp ikheopeirenal kyitesdedni rchel tam: that the
m%{ggﬁﬁﬁ% 3%gﬁagr%§§$€L£§%g#y§ogr8¥géEQbéﬁwéég§éIg%mprise 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-
qgquences. 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 boies in the target site in
the second and the third subset represent nucleotides from the

homologous symmetric target site replacing a deviating nucleo-



subject is infected with. This testing is perforned

prior to preparing said reconbi nases as pharnaceuti ca
W@ oipo8ivti on. Testing of the efficacy of the PCT/EP2008/000021

reconbi nases is perforned 6® ensure that the

respective reconbi nase recogni ses and reconbi nes the

specific asymretric target sequence also in nmammal ian

cells. This testing is preferably perforned in

mammal i an cell such as HelLa cells, PM cells, Jurkat T

cells, CEMT cells and peripheral blood nonocytic

cells (PMNCs) . In a further optional step of the in
tidet r Ghpetspedest seprienics iimg tihige targgttmeEgausincgs of the dif-

[ oviral .infectign of. j.e e il are
fe%%&%wﬁ%ﬁ%ﬁ§%iﬁ%ﬁlgeo%?gsﬁéggksq%ﬁ%Fu%%%%i%Eo%&%uﬁomOlogous
takgeti erqulenspecidriccald ythas | depidctedonbingsédackThitgipes on
hS%ep al | ows the constructhon of a chIec%’on ofl tid B
Whitet S Y ai 1 B d P atonBl hls EECBREAT FBRoJA s T He0t e re
plspeskchtC tmegetesemieancrs df bderent nheosvthadés obnéihef dif-

ot hers. The grow ng nunber of tail ored reconbinafes

$hapd pre-

fefpphi MY ToP e CUFIROFNEFEaSES tF& DT OhaBPFFLY
fe@rbal | aLedhR6eRBHBASAshS -availlraklie ot halqueeegni;Sehs2= half-
tar get sequence closely related to sequences within
sithe SepResequbncesbf pr dPVEALeONASRePEC FIfpiIaTased Srom half-
siE%q%éﬂﬂédgg'lﬁhH§2M”Lhi%vQEQWHnQe@%ng@éﬂérated from half-
reconbi nases 1 n the collection the |ikellhood that a
siwel gettippaceedonbi nase has to be tailored in a nore
time consum ng nethod decreases, whereas the
i kelihood increases that the faster generation (i.e.
Figagei r3 ngCbmssnavorialt i dhregce@spvolubigpesitiatabyy (A) Re-
tai.l ored reconbin%%e anting

cohPao8rs FaFSRa “taroreats BhotiPnibe LeipaiErEial sypperate
liakkidnadvaapeicin theopreseatei aeeptiod. i S riectesd tidglalighted
igxgrey represent those different from loxP (SEQ ID NO: 35).
The left and right 13 bp sequences of loxltr was used to form
the palindromic 34 bp subsets loxltrl and loxltr2, respec-
tively. loxltrsla and 1lb are derived from loxltrl and are
characterised by two half-site mutations, each corresponding
to the palindromic arms. loxltrs2a and 2b were derived from
loxltr2 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-



| ection of tailored reconbi nases, wherein the nenbers
of said collection are each obtained by the nethods of
wo b@spsw3sent in vention . Consequently, the coPCEEP10081000021
of tailored reconbi nases of63the present invention
preferably conprises expression vectors encodi ng
tail ored reconbi nases, bacteria conprising vectors con
taining a nucleic acid encoding a tailored
reconbi nase, tai |ored reconbinases in protein formor
viral vectors conprising the nucleic acid encoding
tail ored reconbi nases prepared ac cording to good
bimedufdoweri kgngr adt ids€. Ko @ xer eifretircad eshrigediarehing heith two
ollgctlon of the. esent_inyer e qn conpri ses

trd2pPassi 8h eg%t%ﬁléﬁﬁuxkiﬁﬁfpﬁhgl Yacids en coding
speC|f|caIIy tallored reconblnases The expression vec
tors are then eith yophi ed or will be stored at
iRk Cr A AR, S707 00 SB e Bf Lo on “Strateay
usRACt Ry |ea'olﬁé0tl©lxm$roép¥éblf@1: y@ebmb5na§e§a1s|§1domut tye evo-
met hods well known in_the art. It will be obvious to

luthenp¥esbRTEKPEVRTLPHIERE aFe PASEIt AR HRENBERPH Yetor and

dﬁﬁ%ﬁ%nt1hﬂyen&iP@cgﬁfcrkgsgaﬁggver%QE&bh%%s%yC|ﬂaﬁ§ﬂt sites
processes, and aspects of each cycle or the whole

(loyditasi) s m&l@aﬁéoautmﬁhén Prlitets dbard i pei siplstion of
r!helﬁté%%éﬁida-99581&n égHE%H%Q%gOf SBBHEEE”QW%QZoiestrlctlon

asynmetric target "se quences. The grey shaded arrows
sn@pla@td tshecesvsériedandpdatssofan bgnmetrievedrgeingi PeR with

prl aratgd G%i RST ?ﬁﬁﬁgﬁée PPl @e% BY hvo. TH after Ndel

5&r s “an rs W e asymetric target s
dugqmﬂi@&ntThacPeBtmdeeldeviatan@ Konbahe hbﬂbl@@mube used to

séRﬁEo&%L%%%ﬁf%ﬁ%%%sé%&? rgggmggﬁgggsaEE gstﬁgpg%§§ging vector
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 of the mutations are
shown in the indicated colour code. Amino 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 B-
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-



of inverted repeats on the basis of a half-site
sequence and a spacer sequence. The grey shaded boxes
WO oo8log398ar get site in the second and the thireCEER®E$/000021
represent nucl eoti des frometthe honol ogous synmetric
target site replacing a deviating nucleotide. The
spacer sequence in the target sequences of the dif
ferent subsets nay be different fromthat of the
honol ogous target sequence (and is thus depicted using
bl ack stripes on white ground) . The chart only
exenplifies the nucleotide re placenent. The
'saftploar:enénﬂ‘géofirmt memmaldlbeot ¢efelss and ofndfirflingdentMutations
u I e Ssh bl nd e
h:Tg‘eij 15 bre\%l %‘%%y Fid SE?h&B e?égqﬁéﬁ,cezz%{,; 245, 259
adasa:GMaldeathcea Memmtict asd ' nent+aoverdead rﬁjie“ates based on
generated fr m hal f site sequenc nverted
e GO S FE G Ral ForPBC b RCeTsS | AR i, 4S5 number
c@mmmhgaltcdl teét ek ceved diid e Shhat egy. n(uqr)atlon analysis
Reconbi nase target _sites used during the conbinatorial
P%ﬁﬂ%ﬁq%&éﬁlFﬁ&éﬂee§oFﬁtFBﬂw%r%$E§§ TYEFELPBA. The
bases highlighted in grey represent those different
fromloxP (SEQ ID NO 35) . The left and right 13 bp
Figaiieen@ esCoOfPa kit Ahs theed A3 trorSAIURE CFalyirtdy o‘?ﬁ*ter HIV-1
’ﬂ% Fgcrﬁ%péggs Aol tidonaneh 19X 42, o £ eSPeG i Vel ¥rr  sequences
0X a and are derived fromloxltrl and are
warhar boaread stea tiyet% hal flogilte ﬁeeaeneﬁsaneaéhe Slmilarltles
corr NG toythe, r c
w%ﬁ?wggggg%rlvedq?Fgm {@Zgg%dsgégﬁc g%%ééﬁg% ?equence
hddnkngymwﬁ S@kamuVatsoasaléa¢he @EﬁpAC$QNHamVR@f1Hh§he li-
26 substrate linked directed evp Lution,c
b?ﬁﬁ¥or 9 £6°6Brarn the™ rré fggoﬁ%?ngsg IS¥§LO

siwwrbern afheeablsdtisea.cycl es for each | oxltr subset

sequlehnces are

Figure 7. Activity of Tre recombinase in E. coli. (A) Sche-
matic representation of LacZ based reporter assay. Site spe-
cific 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 lacZ based re-
porter excision plasmids. The different combinations of IloxP
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



is shown inside the arrows with the final cycle nunber

shown at the arrowhead. The reconbi nase |library
wa@easwsoyl of the first and the | ast cycle of tPEI/ER20g®000021

sites are shown as a restriesti on analysis of plasmd

DNA underneath the respective targets (Bsrd/ Xba

di gest at an L-arabinose induction of 200 ng/m) . The

unr econbi ned (upper band of 4.9 kb) and the reconbi ned

(Il ower band of 4.2 kb) are indicated as a line with

two triangles or one triangle, respectively. Figure 3

. A representation of the directed evolution strategy
linseditd @valniengdelst.r Thpeciflcolreednbenasetage showpcombined

The vg Iut| vectors O laoxltr re b on the
plﬁéﬂb@ eg?or anagcon%aﬁﬁyvnl%)nea h|§%Feg§§ng

r econbi nase target sites (loxltrs) . Reconbination at

the loxltrs | ead el eti,on _of t i.nt.erveni regio
FigaRen Bl na o2 g e REeroPeeEs T Rice aRat v €9 9% rera
celueCes@hulnaandishat £ Swah @@—VEI:ém@K/@cﬂté&lmgt}PCEhwéilted re-
primers Pl (SEQ ID NO _19) and P2 (SEQ I D NO %
coppiensRAePIdrGoSEiteR. PTREMPER (888I FSIVHC ad): 7RBC paRYLS were

ritRat LA beaused LorsuRchane sRacio sUCCESSE Ut ransfection. Re-
reconbi nases into the starting vector for the next

campdnat iRastdeilettiesn adi gexstelering pitehi PPyl aRd hresults in
aékﬂ@atq%‘?‘lur £ %@Vg%xﬁi ﬁ&?oﬁ}’ekﬂsgt%aw dﬁl{lQOtcells (B)

own int gur ence el i1 mnates
MduymrkmﬁatlamaB geteabd pidses actHigire iq ceNAppiyngtes of Hela
mut ati ons of evol ved reconbi nases onto Cre seconda

C%ﬁ%ﬁuﬁ?wEFaW?E?%$%%thEEe§“8FC?ﬁgdndF§FW6ﬁ§a§Fe ‘%mﬁeporter
pldbrdilie | R Ladad colow; 4 3@6 aATNQ AGId PEAHRS AP a per-

pearing nore than once add to the bar. Structura
cegltegentest ofhelr enayee showiv sy baf scébtsaaheeicpargAled trans-

N ) and arrows for b-
fection with the recomblned 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 recombination in the Ioxltr cell
line described in (C) after transfection with Cre and Tre ex-
pression vectors. The PCR products for the unrecombined and
recombined control 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 HeLa 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



sheets (1 to 5 ) based on the crystal structure of Cre

recom bi nase. The catalytic tyrosine is denoted by
wO0s/083981 filled triangles mark am no aci ds nmaRCHEP2008/000021

specific contacts with DNAe¢6Hypervari abl e codons are

i ndi cated by the am no acid position above the bars.

Figure 5 . The am no acid sequence of the Tre

reconbi nase (SEQ ID NO 3 ) is shown. The NLS

sequence, added for nuclear localisation of Tre in

manmal i an cells is underlined. Mitations highlighted

in light grey and dark grey (AA 131, 244, 245, 259 and
1282 depiwtn®NA ebhtacti sarabron- cont abe rﬁéﬂ\ﬁ’d@s/lﬁlé—‘se@lontml

veé% the Cr oca¥%ha5’8% ughgr§UCE§§g§ égkg Jﬁg nBromoter

cid ’ nunber correspon tot uence an
erﬂidic&tsl ofn analsysRSrpgésenttexé |T|atanaBre>rﬁsm& siﬂBR/n Iamwel Tat
t he nutation. Figure arison of the lo

SRS ARER JeReTRGEEL TR SMiIRAees S dan of fire-

f15el Bedi iy Gfe 211HAMd HITRiGRenIRs pisisned | gaiad me‘aed heor PCR
34 bp loxltr sequence and the simlarities were
ded@ciioft el THREIRRUIAS %r e (Bhowh ds™ jFsiT&ageRecombination

viL QURN CE, NI Q@ Ofy 1haxlden e¥er sHe abkitbeakespeatihyeregion.
LTRs in the |Ii brar The accessi on nunbers of the

(B VRPlE‘fI—'PV%edﬂéfrTéesg’ié}?‘e ashdWAtyn afieabsepashecrigur ©f Hela
cl1s AGi i {Ne Ofodt o1 e\?@&%f‘%ﬁl@l\?ﬁ‘l&LU(ﬁ%d -pkéenkd€and ab-

mat1c representation of LacZ sed reporter assay.
s@ide ofie Bidi cThecdhipiafdti ohu¢efrizago pREiVéhPyalasf measured

e € Bef&ég?%ﬁgmﬁ nsfe%%%dt 19 4 qﬁ@t%té ogkfoz_r? léﬁggrs post

expreSS|on nati on speC| ICIty
tid st atatoed ustngat:hevlLaczS based rmpedted eker sitgansfection

BB IS oY v bidch 48 End o oBbmBinages ee o} Z8htEer 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 HIV-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-



i ndi cated. Wiite colonies are produced as a result of

the re noval of the pronoter driving | acZ expression
wa@paossyveconb ina tion. (C Activity of Tre rePCHBPIag@00021

on different target sites after overnight culture at

50 nmg/ M L-arabinose concen tration of plasm d DNA

corresponding to the pEVO versions of different target

sites and Tre and digestion with Bsr@ and Xbal . The

| ower reconbined band of 4.2 Kb is indicated as a |line

with one triangle and the upper unreconbi ned band as

aline wth 2 triangles. The cal cul ated percent age of
gregednirineed misastH iV df @agh vapgst digagRewn dehesg ¢rtihignation

| - Figure,8 t pansignt van-
oo, 985 Y 3, Syl gLcf st [T, SEEPTILAESR by auar

actrvity in a ce co-
titranstecked-with PABI Odt edted cEmoimias ONINdi sdpdrderfrom the

. pl asm ds ee Figure 6 ) . The cells re fixed.and, .. .
e R R " h 3 YR 4A7ROUFE RORT-TF antiadt | 86 . TEg dericient
(conRonat icen 1delaet @gean 4i,ntéer vienamd %0 oposegrams &kion. Each

results in activation of |acZ expression ref] ect;d ,bry
SaBPAE EaFl SX[BIeNe48UF BHBE SO B. gAf hePbRI das Of viZus par-

tidabi Widledde celd tysat @saplibetascebhsigent panshgediee@ls in
wi th indicated reconbi nase and reporter plasm ds. The

thg. GalldetEs | TS PECENESt Yeirs pledsemieddadya e o ety dia-

gr%ﬁn)t he enzyneactivdd YW@ék§e#>J>§t'§1f:£§§fé’@{fj§Jrl.elTﬁe{ abSrcentage
fection wwth the reconbined forns of reporter Tgiasm ds

OfpgvgﬁéxiéﬁﬂlQSWDVéX@lFFe?¢}°ﬁ§é@ﬁbwﬁ§pﬁ6n1ﬁfﬁi edergressing

cﬁﬁ&%rkq.%oﬁ QQEQ kgx Bé Egh@réﬁpeéigé,c§£'shb@ﬁ; 8%%& viabil-
cell Tine s transfected wth nock, Cre and Tre

iteepr essgicors ivedttencandlp- gahatovsidageadenavblye wassay (lower

it SB0R oliocEr 5RO SRSt ot LORE Lo he Fokttr dapnt oey
lddene descihbédect (fhuabfinoteansiest ion thiet hcdrtercdndculture
(éQH%E%i) at week 4, or in the Tre expressing culture at week
4, 6, 8, and 12 posttransfection. Incubation of control cells
with the Cy2-coupled secondary antibody alone served as nega-

tive staining control (NC). Nuclei were visualised by DRAQS

staining (dark label).

Figure 1l1. 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 monitored over time for cell viability by

alamarBlue assay.

The present invention will be explained in further detail by

way of Examples.



pressi on vectors. The PCR products for the

unreconbi ned and reconbi ned control plasmd (pSV oxltr
war@spSyBl oxl tr) and af ter transfection w th EBrEERP2UIS/000021

Tre expression vectors areeshown. The | ower reconbi ned

band is denoted with a line with one triangle and the

upper unreconbi ned band with a line with two

triangles. The length of the PCR products is

indicated. Figure 9 . H V-1 Tat transactivation assay

in HeLa cells. (A) Schematic diagram of the reporter

vector pH V/ T2/ LUC that con tains the [oxltr sequence

(denoted by a white triangle) within the U3 regi on of

the H V-1 HXB3 LTR Anot kher, jof theloxltr

sequence, which is absent in"the pH V/ TI/LUC contr ol

vect or, Resdmbdaned 8xprefsidtm andirfepemtenardasnids L TR

pronoter encodes in its R region the Tat-responsive

TAR region. Tat transactivation is reflected by
Varioneaseg rexphessiver tofr sf iverd | yehacafet aser ltheampdirdpdse of

denote the primer pair used for PCR detection of .
thEoCBRBFRAL | ARVCBIFACR (19 1| GoF ITRECMBTIRT of"h aoYnEhetic
ddug el-@Xkbhdsbl Egoid ledtal i drhedrutiebanaseggodi ng

region. (B) Relative HHV-I LTR activity after

transfection of HeLa cells wth the control vector

c AHWAT i leUeDhRsPesenee-ald ahrsepre QbcdbL. pTRESneo3 (Clon-
firefly luciferase activity was nmeasured fromthe

tacddpettiiie irgardecikall cendl PpglfegcatrA8ThBOr $156st for ex-
prters%qg el Hgmmgjf’lfargcéé]y][st_l es were corrected for

transfection efficiency by using a LacZ vector as an
internal control and neasuring the b-gal act osi dase

ctiwity fro e (- e elptdMme HiV R i den-
Th}ctruﬁuvluttlizﬁosztt erpret}’gefgcé’lﬁésé%\%tgr ?%V?%s%fect%d vﬁﬂt]h the = "

tigHlV/ g2¢dfiC fect ohei mlipreesdiyc ereprh tatys ehegP obrTriexLTR sites
£ lgrenlklinlgy S‘carlltee S’pavc\:le rree gal%sha}y erde sapsec elfvoerl%/'. (p pF;ciR }gae§ e&éér? nprevi—
ously described (BuceHoLz et al., 1996). pSVloxltr was generated

from pSVpaX by replacing the loxP sites with IoxLTR 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 IoxLTR sequence 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 Xhol 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 (MaLiMm et al., 1988; RunL et al., 1993). The vector



Tre-medi ated reconbination in HeLa cells transiently
cotransfected with Tat expression plasm d and the
wo pasosived vectors. The | ower band of 756 bp rE@EI/EB®0$/600021
the reconbi ned fragnent after |oss of the |uciferase
coding region and is only detect able in cells
transfected with pH V/ T2/ LUC and Tre expression vector
. Figure 10. Tre-nedi ated reconbi nati on of H V-1
proviral DNA. (A) Schematic di agram of the
NLT2DenvPuro provirus. The loxltr sequence |ocated in
the 5 ' and 3 ' LTR is depicted. The spacer sequence
p3Tseundesr | yereiratee Ref léeatapdr égicorries SRSt ($ER edDPhyO:  2)

béﬁw%eﬂur9@¥cbﬂjﬁﬁ%55tQﬂﬁe %ﬁ% (L{ght grey-Aeq. , rard plasmid

envspecific sequences were del eted (D). espectlve
pNWSVAempgeudouypesdweneaused bb théepNL&blapc@visal(EﬁA (Gen-

B ot it EAELE HHG L (4 Vodn GRS DY convert-
i e di N Ichi e iRt atri he lox

nlrrgggjlrﬁll(ne ﬁPg@ E)Et Iié? Pagiea:[r) rmesqlbqgtﬁeo(?gr;)mt%e oxLTH
SARBEEEe ant U ther e P Be PRSP, & b e fragment

wilt®li@Nt heC @i @leheCalnhi®1abtveekpdsitbon §7BNALd07249) was de-
posttransfection . Each sanple was exam ned in

latedy) jdtasty (C}h%né’lefs@o‘jdf“gvl $RRUGNGS (V2P e TPBIRGSE by the
pudhveehl rdabidanideeSsennt RN R24GRY dgyal sy tme envelope

cul ture supernatants were determn ned b ELISA
ghﬁcﬁpgpéﬁ?natofhéqSﬁGPéaFed“%E@¥§iﬁé%tV%éﬁ%feéﬁi ﬁ SVh@ has

bl 68RLagBAl (BRfibLLI g7, Of 29hspl replication within
the Tre expressing culture, conpared to the contro

cells, is shown. Cell v iabil ities were
sinultaneously noni tored by al amar Bl ue assay (| ower
diagram . (D) Detection of Gag expressing cells
(I'ight grey label) by indexamgle rdrunof | uorescence in

Géggrg ﬂ(%f(nﬂéallored recombinase recognising and recombin-

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

To start the evolution process HIV-1 LTR sequences were
scanned first for a sequence with similarity to the canonical
loxP site. The chosen sequence belongs to the LTR of the pri-
mary HIV-1 strain TZB0003 (Biackarp et al., 1999) and is part of
its modulatory U3 region (sequence position -262 to -229;
where the site of transcription initiation is +1). The se-
lected l1oxLTr 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).



(Control) at week 4 , or in the Tre expressing culture
at week 4, 6 , 8 , and 12 posttransfection.
wo paalosioBon of control cells with the Cy2- coupP@IEP2008/000021
secondary anti body al one sé@pved as nega tive staining
control (NC) . Nuclei were visualised by DRAQ
staining (dark label) . Figure 11. Tre expressing
cells are sensitive to puronycin. Cells fromweek 8
posttransfection of the Tre-def icient (Con trol) or
Tre expressing (Tre) culture were exposed to 0.5 ng/n
puronycin and nonitored over time for cell viability )
Iy Eramapstien L25ajhe Fexdfif saquensfeini sHbRtrpteelinked di-
exph-aibRgd bRofdid Nevofigtald i Maxfi Exanpl es. Exanpl e
1 Reconbi nase expression and reporter plasm ds Various
expressi on vectors were generated for the purpose of
t he, present_ | ti usi ng. st andar S :
T A R Sesh e o PR O S P BB offfked airected
pricgelinologplutGon amsl GeeceDbdd weveinoboned Smavart, he2001) (see
Jvectar EI RF?neoS (Contech) utilising the Wel and
A BEntiPUFEstfiction sites for ex pression in mamalian
cells. The multihost reporter vectors pSVpaX and
SVioxltr are iden tical except for the directly . . ,
6He eI bk 6F2PBRITR SPPE&LIPIRRKPAg NFd p%"cs‘%/%’g‘?tdrﬂ“ site
£ 1@%REC tHV €] ¥y 1. HSVPae hage beege e eyt g 08§ YeRestiRedhe fol-
(BUCHHOLZ et al ., 1996). pSVioxltr was generated from
1loydvgar poreplaetagechesisgptept @4 aqiifd PEYOTROXP (BucHHOLZ &
sTERAMENsEs1) The Jiad -f&§Pansi e reporter gene plasmd
pHIV/TI/LL}C was con structed by ligating the H V-I
HXB3 LTR between t he Spel and

Primer sequences for 1loxLTR:
5’—ATGAGATCTACAACATCCTATTACACCCTATATGCCAACATGGAAGCTTGCATGCCTGCAGATCGAG-3’
(SEQ ID NO : 4) and 5’'-TTGAGATCTACAACATCCTATATGCCAACATGGTCGAACTGTACCGGTTG-
TTAGTGA-3" (SEQ ID NO : 5)

Primer sequences for 1loxLTR1l:

5’ -ATGAGATCTACAACATCCTATTACACCCTAAATAGGATGTTGTAAGCTTGCATGCCTGCAGATCGAG-3"
(SEQ ID NO : 6) and 5’ -TTGAGATCTACAACATCCTATTACACCCTAAATAGGATGTTGTTCGAACTG-
TACCGGTTGTTAGTGA-3’ (SEQ ID NO : 7)

Primer sequences for 1oxLTR2:

5/ -ATGAGATCTCCATGTTGGCATAACACCCTATATGCCAACATGGAAGCTTGCATGCCTGCAGATCGAG-3"
(SEQ ID NO : 8) and 5’'-TTGAGATCTCCATGTTGGCATAACACCCTATATGCCAACATGGTCGAACTG-
TACCGGTTGTTAGTGA-3" (SEQ ID NO : 9)

Primer sequences for loxLTRla:

5’ -ATGAGATCTACAACATCGTATAACACCCTATATACGATGTTGTAAGCTTGCATGCCTGCAGATCGAG-3"
(SEQ ID NO : 10) and 5’-TTGAGATCTACAACATCGTATAACACCCTATATACGATGTTGTTCGAAC-
TGTACCGGTTGTTAGTGA-3’ (SEQ ID NO : 11) '

Primer sequences for 1oxLTRlb:



Hndlll site, and the firefly luciferase gene between

the Hindlll and Xhol site of the eukaryotic expression
wo e@Bo0839pc DNA3 (| nvi trogen) . Subsequently, theCT/B8R10082000021

sequence of the primary H Vil strain TZB0003 ( GenBank

accessi on nunber AF096641) was introduced into the

HXB3 LTR by PCR The plasm d pH V/ T2/ LUC was obt ai ned

by insertion of a doubl e-stranded | oxLTR-encodi ng

ol i gonucleotide 3 ' of the luciferase gene be tween

t he Xhol and Apal sites of pHIV/TI/LUC The HI V-1

Tat expressin vectorﬁchat Earenta vect or

> PEEAYTERM ARG hIE T NE AF C&Fﬁ%ﬁ“‘é%%ﬁ BTN ErATTBEIS A EMTAC
(sHoGalp wave b2erandesC+iTORERTOE ERAAOTRICFATTMARGAAT AR TAGEAARGT TATTCGAA-

crci288scTR Haceta-a) - (sed983ke :The) vector p3Tre was
generated by ligating the Tre cDNA (SEQ ID NGO 2 )

between the Hindi Il and BanRl site of pcDNA3 . The
PrigleassiadepIsT2o:DémiPBF® is a derivative of the pNL4-3
5 -QfT@X(tZ[I@ll‘CCBNAT’fc@@ﬂl‘AABﬁ(fﬂCT&QQ@S@AP@@TWTG&N&%@@CA&MGAG 37

constrcte ' _

(SEVL&T_; Slg({]que%%)es g JIICC MTE&W(E%%E%EA O%XAGA%'GGTCGAACT
GTWB@WTA@'&BS%qdé‘Fﬂ II9 NOa 51357 bp fragment within the
env gene (nucl eotide position 6712 to 7249) was de

Prl&&eﬂxwgh&glk%?lggﬁmggf codi ng sequence was repl aced

é% uron¥0|n resi stance ,
FRESSTAGE ¥§Q§ﬁ@ﬁﬁ06iﬁ§T@T%ﬁ§gfﬁ%§FgA§§Ag$TRyggﬁqguF%ﬁAGAchAG 3

(SK1 OB t:i $6)iandsy’ -HONGALSNVT B CTHAECAT ARG CORH IR T BEAACTTATTCGAACT -

crABe¥ER@adrcdl 3~ ,(s2PQ3)no Exanpl e 2 CGeneration of a
tail ored reconbi nase recogni sing and reconbi ni ng an
asynmmetric target sequence within the LTR of H V-1 |

Thie tefRT Ml +Qf eaRdidalke casy Rk isg lRaroet SRAURNCES 6 the
To start the evolution process H V-1 LTR sequences
evp@dugion vector digested with the same enzyme. Clones were

validated for the <correct sequence using the primer 5'-

CAATAACCCTGATAAATG-3’ (SEQ ID NO: 18) by sequencing.

Starting libraries of recombinases cloned into the evolution
vectors pEVO-1loxLTR were generated by error prone PCR as de-
scribed in BuchHOLz & STEWaART (2001). The evolution vector is
based on the pBAD33 vector (GuzmMan et al., 1995) and contains
two directly repeated recombinase target sites (loxltrs). The
plasmid also contains the araC promoter allowing arabinose in-
ducible expfession 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 1li-
braries were transferred into E. coli DH5a cells and grown in
LB liquid culture containing chloramphenicol at a concentra-
tion of 25pug/ml. Using the evolution vector (see Figure 3) and

Cre an archive of mutagenised Cre the libraries were tested



scanned first for a sequence with simlarity to the

canoni cal | oxP site. The chosen sequence belongs to
wo b@si§R3nf the pri mary HI V-1 strain TZB0003 PELAEZHASD0021

et al., 1999) and is part od¢ its nodulatory U3 region

(sequence position -262 to -229; where the site of

transcription initiation is +1) . The se |ected | oxLTr

site is a 34 bp asynmetric sequence that has 50%

sequence simlarity to |oxP with four m smatches in

the left elenment, six in the right el enment and a

conpletely dlfferent spacer (see Figure 2A
£oEy ah® FRATR Bif ofor hé AteXE TR s%ﬁuéjr?cséiqlhi’?dsukﬂ P?“éf”ez & STEWART,
20bhpked di rected protein evolution i n E coll The

| oXLTR sequence was exam ned i n substrate |inked

directed protein evolution a s described (BUCHHOLZ &
repSRlORTL; G00kok (SRR RO CFIAN &, l1g . 8204085€aPAL NS 1 pand

ragnents containing a restriction site flank

retﬁyeboianrstoeeimeteorgeneeet Etobye PER udbwevethe Giod, as well

ot.i des u3| the asm EV
oo, BRI SRA! RES A ADEyBL P EYRL P o e
prBduper waﬂquebca$nédr {@@daTRnot5'shown) , reflectlng that the
as@é%é&cﬁgp\ %T%ggg@gﬁﬂ@g%%%ﬁe ©0 severe c;rGresult

in- TECARAI A ACAMCATCCTATATGCCAACATGGT CGAACTGTACCGGTTGTTA
GTGA- 3" (SEQI D NO: 5) Primer sequences for | oxLTRI
. 5

1IIAT £d L HNCHE CeTDEEASAGECTAMAT: resrve) A
Gi[ﬁﬁgﬁgﬁTCGASG - (SEQ I D NO: éfggﬁg 5" S quenes

- TTEARRRTRT ACAACAT CCTATTACACCCT AAAT AGGATGTTGTTCGAACTGTA
CCGGTTGITAGTGA- 3' (SEQI D NO: 7 ) Primer seguences
for 20xLTR2

To test whether removing the asymmetry of the target site
would result in recombination activity, the original 1loxLTR
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 1oxLTR1 and I1oxLTR2 were tested for
recombination using either Cre or the library, noc 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 1oxLTR2 by evenly dividing the half-site
mutations to form four new subsets, termed loxLTRla, loxLTR1lb,

loxLTR2a and I1oxLTR2b (see Figure 2A).



5"
- ATGAGATCTCCATGT TGGCATAACACCCTATATGCCAACATGGAAGCTTGCAT
WOBOSAGATCGAG -S (SEQ I D NO: 8) and 5 ' PCT/EP2008/000021
- TTGAGATCTCCATGT TGGCATAACACECTATATGCCAACATGGTCGAACTGTA
CCGGTTGITAGTGA- 3' (SEQ I D NO : 9) Prinmer sequences
for loxLTRla : 5'
- ATGAGATCTACAACATCGTATAACACCCTATATACGATGT TGTAAGCTTGCAT
GCCTGCAGATCGA' G'S (SEQ I D NO: 10) and 5 '
- TTGAGATCTACAACATCGTATAACACCCTATATACGATGT TGTTCGAACTGTA
CCGGITGITAGTGA- 3' (SEQ I D NO : 11) Prinmer sequences
for loxLTR b
V.5 pATEAGHIT ALRACTICET AT AMIACCMGTIATACHT TR the
CATGCCCTGCAGATCGAG 3" (SEQ ID : 12) and
5' - FURET A THRC FEOCMETEAGAGCBETARAFATIARCE TATHFEIRACTG
TACCGGTTGTTAGTGA- 3 ' (SEQ ID NO : 13) Primer
sequences for | oxLTR2a:
St rt ARGAGABPCECTAT CEFCGILTAMOACCEIATATAGSAAGATCCAABCTE@L ut ion

Vo T R CTEE AT T Ot ATRACREL L A PR AT RS2 PEVO-
lofwgf%I@sI ﬁ%@?@ﬁéﬂ:a@ed( SEQdd3 NAvedl HodHd NEyecS EXpaEIRs 2.11)

ang! - IIEAGATCFRT ARSI BCECATARCACCCEAT ATCECAACT TRAAINAGETPEC cells

RS (i B e
cohAeoCAT BT ACH GsugmI(SEQ I D NO : 17) The PCR

fragnments were digested with BgH | and cloned into the
evol ution vector digested with the sanme enzyne. C ones

TheeT Lo Vet A Rd foprhiheeS0rdectheeauanae Ysi g di@ion cycles
prinmer 5 - CAATAACCCTGATAAATG 3 ' (SEQ ID NO 18) by

(cyedeéncivege Shdntedgwithr aPPpg/wi Lezoabi masesand opfes] arabi-

By error priohe PcrR'33 i & SSTEVART™Y

& "SEritped i Buc
un(t200kpt i Siecewsl ut & oomycd ©f oh Swhasech Devddiea pBAD3Bnimum in-

vector (GUZMAN et al ., 1995) and contains
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 P1 (5’—TCTACTGTTTCTCCATA—3'; SEQ ID NO: 19) and P2
(5’ - TGTCGCCCTTATTCCCT-3’; SEQ ID NO: 20) 1in a 50ul PCR mix
containing 1X PCR buffer, 250puM 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 BsrGl and Xbal and subcloned

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



two directly repeated reconbi nase target sites
(loxltrs) . The plasm d al so contains the araC
w@e@sns®s1 al | owi ng ar abi nose i n duci bl e expr esBCREP®0$/000021
t he reconbi nases and a chl gsanpheni col resistance
marker (Cm) for propagation in E . coli. The plasmd
al so offers convenient cloning of the reconbi nases
using BsrG@ and Xbal sites flanking the reconbinase
coding region. The |i braries were transferred into E
coli DH5a cells and grown in LB liquid culture
contalnlng chl or anpheni col at a concentra tion
tisgngvmle -Usinfg 1Y Aol WS off et Pred seke s g%ﬁ%o% jndividual

c18RdsCreran) ar ehhve-pds nut ageni sed Cre the libraries
were testedfor reconbination activity as descri bed

(BUCHHOLZ & STEWART, 2001) . Reconbi nation and
Cr§3Ub§(ﬁg&%fn£é:R Segl dl@)‘if’@fjlcae Qtl x7e1.k§p ki@@d f@\;%f;sm '(Bgta not

reconbi nati on gure 3 ) However, Cre
sh@wnﬁhe ﬁaﬂienﬁwn@auhad h@ghe¢©WBEMefﬂ*ﬁ§uﬁ;€ETR sﬂhescontrast

ex T, sgg PCprr%dUCt ma%nggg Tegrég tgeggi goyg)IOW recombi-
FbFIec I'ng t KAE fhe gsynne ry-an I ons
ndtdthBcaﬁethOasem&ﬂelb&LEBSthsensrespmbtnamgonheIhhtatlons

. .Preparation of .subsets of th tric targ
5L dIEREE ] GREPRPFY LABe B hansthel TF eltoUT G L e Boy T yerved
asOfa téiead@@ptpside ﬂ@ﬂ|Qub@éqﬁéntnd[ﬁ@@ﬂ@dﬂ@ﬁb!ﬁtlon cycles.
activity, the original |oxLTR target was split int

Rl eH¥Et < TR Pl PRAFBTIRD t SYELES s FESe tPEh T | SaRkehment

ofl OXhd r 2cWBHBi R4 8at @dphasedsonitthe AIdd itHalasyii@lddtes (see
| oXLTR sequence with the left and right half-site

FigedgeEds IEsherTRAN Yo LisewP ek ¥ nf¥nl § TvES TetF 9bpeat obtain

e%ﬁ;ﬁgeﬁgggggcgﬁglna§@¥EV§ﬁa when | oxkifk and IXLEB2ween the

loxLTR 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 1la and

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

DNA shuffling (STemmMErR, 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 sonicated fragments (100-400 bp



reconbi nation using either Cre or the library, no
reconb ina tion was observed (data not shown) . Hence,

WO b@siosaoat i ons in these sites were still too nBEYEPZNS/000021
the starting library to digplay any activity, and this
necessitated the further sp lit ting of IoxLTR and
| oxXLTR2 by evenly dividing the half-site nutations to
formfour new subsets, terned | oxLTRI a, | oxLTRI b,
| oxLTR2a and | oxLTR2b (see Figure 2A) .IV. Perform ng
stabstrate |inked protein evolution using the subsets
of the asymmetric target sequence | oxLTR Starting ,

in| i rigs)es WHre edohblifasks wigited i o ¥He eE‘é?thr%%tlon kit
vect o EVO- 1 ox| t.rl b, I

(O RGB VOl oxPEP b Uer S Gt B e - aull hed aboydToated owa

walsS @Ry ea %041l )P@%ﬂ?r&uﬂ ngependan |LYSitr{@n@ﬁé?r k8de pro-
into E. coli DHoa cells grown in LB liquid culture

greantaidtiaay aibhws anpdenkEeahpat . damce@mﬂaknbntbis primerless

. Th mb | f
PR, GRS rT GE oy 5001 601 AdUCRE WA £ S00rg T 1ot PO

wiknargbigase and (sheterabroesectoreErti’gtimowas No: 19) and
| owered during the successive cycles until

P3saltd’ sf #OCGATGACAEGABEAETF8h; waBQaghi BQed2 ht ann?nﬁﬁuthCR mix
wHtgmofjcaCtelqsogr? cygp{r%_‘;)cgfdl‘tlaéﬁg)l n'?l’?ee }El a%: (final

er- eac evo utiron cyc was dl geste W

pd¥del r g tecadi %@5‘@&1"\mgtﬁeEsiEGIleén&ithaha&in@Uemeﬁéd back
fully reconbined the evol ution vector were anplified
miqq h'thei meP®TPPTi8te TOTRYY GTTTETCCATAPougEn9| p gL TRL - and

nd T n; oSE 0
0 o SR T o 2GS0 e

dlefaf@iredNTFl,lbzrﬂw@fs MgSulzedndnl syngaptstes Bf6FafsDRAD led to
}Pem g@éﬁ@i&?cgkdif&o&%i&lggegw lvﬁlvfic%g now recombined IloxLTR1
and 1loxLTR2 (see Figure 2B), demonstrating that an evolution
strategy traversing through intermediates can Dbe wused 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 I1oxLTR ﬁarget site, the libraries from{ 1loxLTR1
and loxLTR2 were booled 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



program 35 cycles of denaturation at 940C for 60s;

anneal ing at 55C for 60s and el ongation at 72C for
w@0®s/083981 PCR product of the reconbi ned form oPCT/BR2008/000021

pl asm d produces a 1.7 kb band. This PCR product was

digested with Bsrd and Xbal and subcl oned back into

the appropriate pEVO LTR vectors for the next

evol ution cycle. The library was nai ntai ned above

25000 i ndividual clones for all libraries. Cre

reconbi ned only loxltrla at very low |l evels (data not

shown) , reflecting its high target specificity.
syeOwetrastn ERpr 835P6R 6ftehésndPhgenPEeECHT bF BFS for the site
soetdikedebBrb Uk e6oMLdcnaki on activity at all 1oxLTR

subséet's. Splitting the nmutations facilitated

recognition by the Cre library, and hence served as a

tartlngﬁpqtngffq 6S Q§ﬁg&§§% af%%led-§¥°|&$éfﬁk n pFocess

A& &5 erative directe “6n cycles resu
wasn eartednentl ofndie dwedonborBER Ispblcalfues mddmblnases were

oslunet di dat Fi 2B
ARTBGEL ooy BT ECRP P A e by BT P T 1 et Ty 4Rdividual

rédﬂﬁbﬁ@a@é&eSwEQé edthckoshIRiyar kad1bstueensihg | exsdRiction
subsets, but eventually efficient reconbination activ

analy sge ﬂﬁeEI|BPéﬂlégaB%s“%%§§FVHH'for al | subsets. V.
Pooling of the libraries and DNA shuffling to all ow
recom bi nati on of the next higher subset To test

ThehetPiek ackbydi necerParaspprisgenedoditeé et atTdwrpeombinase)

M@Qﬂ nat# o0 Of t becogxsindi ghier osubset sjokher | 's@f:@r W8%h some

la and I b, and 2a and 2b, respectively, were pool ed
r%ﬂdi@HuMCF@d’ltDr\lAfghuflquPngﬂl(esTl'EWERedlgw)avvé@cz based re-

po CLatrerf e&i Qié,r t(Qe ggg ”Ae aﬁpedTg ttq%s ﬂ}{é target

vitro a eac evolution cycle and alsoto
spestidiviing KébdﬁbanaSS kebompiest bén | pnepesubset gere examined

in the evolution vectors of all the 1oxLTR subsets (see Figure
7C). As in the reporter assay, Tre efficiently recombined the
IoxLTR sequence and displayed residual activity on IoxP (see
Figure 7C). Tre also showed efficient recombination on
loxLTR2b and residual activity on 10xLTR2, but no recombina-
tion was observed on loxLTRla, loxLTRlb, IloxLTR1l, and I1oxLTR2a
(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 (BucHHOLZ & STEWART, 2001; SanTOorRO & Schurrz, 2002);

MaATSUMURA & ELLINGTON, 2001).
VII. Sequencing of evolved recombinases

Evolved recombinases from all subsets and 1oxLTR were se-

quenced to monitor the evolution process. The sequences re-



to initiate evolution agai nst higher |oxLTR target

sites. Briefly, DNA fragnents containing the

w0 e@siokioBnse gene were random y fragnented by PCT/EP2008/000021
soni cation using 12% anpl i ttade for 5 m nutes with 30s

pul se on and 5s pul se off using a 450-D Digi tal

Sonifier from Branson. The sonicated fragnments

(100-400 bpin size) were purified using the PCR
purification kit (Q agen) . To reassenble the

fragnments, 2ng of the sonicated DNA was added to a

50mM PCR mx and anplified using the sane p ro

ram
vegiadedlapowel 1% el ExaRRl €018 | 342519 fem tHhey digfferent sub-
I erl.e LON t S s -
se?%r rEt‘la‘nﬁé: ﬁzex%cm%%@p}c?%grggﬁplt% Usekasoa mhaten and
cofipl e METAGT GTH TOTROATAL 8 e SEQ 1 DEINO hil®)e mngh iP5’ (see Fig-

T IT-S'; SEQID NGO 21) in a 50m PCR m x
v ? ha?ﬁ%?ﬁé ¢ycling conditions. The shuffled library
(final PCR product) was digested with Bsr@ and Xfoal
and cl oned back into .the ropriate pEVO vectors

Taﬁé?b&ursihﬁé’sl SRLFRY aé:r‘hﬁi | ,nsr e]Srbe ?V%ﬁa%genl:heed recombin-

aseanmrathenigfiiputadi opsi1tropubbetdi bfeeealvéd bratomsinases.

resulted in synergistic effects and led to the

Thge s@REER0 K &6 1P ULEC 6RBILAGS e PNAWHIL H- oW TR cORT ey Structure.

TheOX AR rand daxl TR (fiess Filguse 2Bsplagesonst raigige 5) are
that "an evol ution strategy traversing through
shiriperiredbatds ledrese used POtachPecqangestrepd non-contact
si@gtivity. VI . Pooling of the libraries and DNA
shuffling to allow recom bination of the asymmetric
target site within the LTR The | oxP sequence is a

tric site that is bound by two Cre nononers. A
reconbi nase that reconbi nes an asymetric target site

Evblemdgecolndibages [r ecogni se hal f - si t Afing afidynyfalionsq

fadequence. | n |dRBRID20E, A'@IY, EIFBEHEMOR DBE®onbi nase can

1aBe obt ai ned t|AF28AdRe71 V125I, 1166T, G229D, D232V

1a.3 GB82S,E150A, L171V, V204A, 1320M

la4 A175G

1a.5 N3D, V7L, K62R, M97L, E138G, D329A

1a.6 D29A, V145l E262Q, S305P, T316A o

1a.7 S2T, N3K, L4S, N60S, M97I, R179G, F239L, E262Q, D278G, 13208

1a.8 N3D, V7L, K62R, V204A, P234L, S305P

1b.1 N59T, 188V, 1166V, [174M, S186T, S2141, P234L, V242A, E262A

1b.2 V7L, K62N, A112V, R146C, L161Q, F163L, G208R, R241P, E262G, D341G

1b.3 V7L, Q94L, S108G, E123K, N151T, T268A, N317T, 1320M

1b.4 V7L, C155R, E262Q, N317T, 1320S

1b.5 N3D, V7L, S108C, D143N, E262Q, N317T, 1320S

1b.6 N3D, V7L, S114P, D189G, E262G, 1306T

1b.7 N3D, V7L, S108C, D143N, E262Q, N317T, 1320S

1b.8 L4l, V7L, K86R, S108G, E210K, 13208, D343E

2a.1 L5P, L14F, @156R, D189G, M193A, L215Q, 1320S

2a.2 G93A, A112T, E138G, D143G, D278G, T316A

2a.3 V7L, Q94L, R118G, A127P, D153N, A178P, N319S

2a.4 N10H, P1071, T253S, T316A, 1320S

2a.5 T6S, D21E, Q94L, L981, E138G, G198S, A231V

2a.6 T19M, Q35R, E150V, G191E, G198S, S254C, D278G

2a.7 T6S, D21E, Q94L, L98I, E138G, G198S, A231V

2a.8 T19M, Q35R, E150V, G191E, G198S, S254C, D278G

2b.1 V7L, V16A, M30V, Q35P, N59S, A131V, D157E, A249T, R259C, E262Q,
N317T,1320S, T332A

2b.2 V7L, R24H, M28I, A36V, F37L, D73Y, Y77H, P107L, AT31V, T206A, E262A,
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RER N3 132P2nt reconbi nation of the
activity for | oxP when

Evbisilre@dmbiagesl|acZ based re port eamms a8y musBensFi gures 7A
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1.2 ts reconbi nd
1.3evol uti on ved

14ri gure 70
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activity on |
efficient

ctivity onI
‘Pbserved onI
(see Figure

1.
1.

2.1consid eratid
Thi s observat

reqo

1MBBA, QRALPRA0BE £G1988, 0325 &RB2Ed | n t he

V@RS RAQ, HIMUL,M3B0A, §RI7TRE264B NI T(13208

N23IA A TER VBER R 7105Q 398G 15 304 B262H NHTT, 13208
&7LoXxd9FR SEGUENZE ,and9R]i RPLBY &B2F eSi7dBal v85A, Q94L,
%Esé Sefedd, QMO%A7@)239L Tveaal, sgpeshowedsr, 1320s

' nas,| o %é%f % 317T, 1320S
E % G19§’§[E

% Lb 1 2624 |M%¥ﬁ'§21” 1320S

|s |s r emar kabl'é when taklng I'nto

rrsu hwtl. Tmea erzalcy mdoV, GE | Gexr GiEEK at 66V, N245Y,
iE2A2Q. G263R, 1272V, N317T, 1320S

I‘l\)
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2.2 M44T, S51L, Y7TH, G93C, P107L, N245Y, R259Y, E262Q, G263R.

23 N3D, V7L, V16A, Q35P, K57E, Y7TH, G93C, P107L, A131V, S147L, Q156K,
N245Y, R259Y,E262Q, G263R, N317T, 1320S o

2.4 V7L, V16A, V23A, M30V, Y77H, G93C, P107L, Q156K R243G, N245Y,
R259Y, £262¢ E262Q,G263R.

2.5 V7L, G93C, Q156K, A175G, E222G, N245Y, R259Y, E262Q, G263R, N317T,
1320S

2.6 Q35P, Y77H, G93C, Q156K, N245Y, R259Y,, E262Q, G263R, N317T, 1320S

27 M281, M30V, Q35P, Y77H, G93C, A131V, N245Y, R259Y, E262Q, G263R

2.8 K57E, G93C, N245Y, R259Y, E262Q, G263R, N317T, 1320S

Tre V7L, Q9H, N10S, V16A, M30V, Q35P, K43E, Y77H, G93C, Q94L, A131T,
1166V, K244R, N245Y, R259Y, E262Q, G263R, N317T, 1320S.

Loxltr.1 E22G, F37S, A84V, V85A, Q94L, S108G, K132N, 1166V, A175S, N245Y,
R259Y, Q281R, N317T, 1320S.

Loxltr.2 L5Q, V7L, P12S, L14S, P15L, V23A, A80V, V85A, Q94L, S108G, G198S,
N245Y, R259Y, E262Q, G263R, T268A, N317T, 1320S. o

Loxitr.3 T6l, VIL, Q9H, N10S, V23A, V85A, Q94L, K132N, 1166V, A175S, D232G,
N245Y, R259H, E262Q, G263R, N317T, 1320S.

Loxitr.4 N59W, Y77H, V85A, Q94L, S108G, N245Y, R259Y, E262Q, G263R, N317T,
1320S.

Loxltr.5 V7L, Q9H, N10S, K57E, V85A, Q94L, S108G, G198S, N245Y, R259H, E262Q,
G263R, Q281R, N317T, 1320S.

Loxltr.6 V7L, Q9H, N10S, V23A, V85A, 188V, Q94L, S108G, M149l, 1166V, N245Y,
R259Y, E262Q, G263R, N317T, 1320S.

Loxltr.7 V7L, Q9H, N10S, V23A, R34H, V85A, Q94L, S108G, K132N, 1166V, A175S,

1225V, N245Y, R259Y, E262Q, G263R, N317T, 1320S.




confirms previous findings that target specificity is
regai ned after initial relaxation in directed
we@@B08399n over many gen eration cycl es (BUCHHEIZER2008/000021
STEWART, 2001; SANTORO & S@MWULTZ, 2002); MATSUMURA &
ELLI NGTON, 2001) . VIl . Sequencing of evol ved
reconbi nases Evol ved reconbi nases fromall subsets and
| oxLTR were sequenced to nonitor the evol ution
process. The sequences reveal ed cl ustering of
mutations arising fromthe different sub sets that
wer e conbi ned through the course of evolution and
Inc pplrémeMred TP NV eAnlust@rd ¢RRRIRS HitfHerc@pig&s to Cre,
wiQﬁ?ﬁnaﬁiﬂ HEe head Jableidnd or18Ph&rin$hewsmamnRo difrerent
acid mitations I n the sequenced feconbinases for the
subpditeat(edei Bxburesdbset s of evol ved reconbi nases . The
shaded residues contact DNA in the Cre crystal
structure. The hypervari abl e resi dues (al so displ ayed
in Figure 5 ) are shown in bold letters for both DNA
contact and non-cont act Eétes Table 1 D341G
E262~, D277G, N317T, 1320 ’QEB“%I , V16A, M30OV, @@B5P,
S108G, R08Rark26@AilsatBdr Tof |3 TreCré2dnBhindsd/ 7L,
V16A, M30V, V71A, N111S, QL56K, A249T, @55R R257?C
E262C, N317T, 1320S 2b.5 N3D, V7L, MOV, @5P, S108G
I A248& colBERSE i 08 OpfopdBilids dSB8A0% A MmaMmbhli¥hbéells
W30V, @B5P, Y77H, (P3C, QL56k R259C, E262C(, N317T,
| 320S 2b. 7 V7L, V16A, M30V, (B5P, S108G &X08RTi 262A

g AT )OS R 20 Y L 8L, B comcase-
ing 160 uniés /ml,of peﬁicilliﬁ and séreptomyéin 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 pug 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.

Hela 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 0.6ug 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 PB-galactosidase activities 48 hours post

transfection using the Tropix Galacto-Light kit (Applied Bio-



D277G N317T, 1320S 1320S 1320S, 1320S 3J J , D232G

N317T, E262Q N245Y, MIn total, Tre has 19 am no acid
W@ bange®3nwhen conpared to Cre, with many of thBGEEP2008/000021

mut ati ons originating fromgohe different subsets (see

Figure 5 ) . Exanple 3 Characterisation of the Tre

reconbi nase |I. Reconbi nation properties of Tre in

mammal i an cells HeLa cells were cultured at 37C under

5% C02 in DVEM contain ing 100 units /m of penicillin

and streptonycin and supple nmented with 10% FCS unl ess

stated ot herwi se. A puronycin resistant pSVloxltr

,erB@@fq>rq1,| néPhasaeboxdited thy TeRpsI@ediOn Hf pgotocol.

Bl)é.f f]fqg't CelHl ?l?s _ngné)fce t tx)q%s'h%zipo\[z&@ﬁ p}?@m@ u%l oG s post-

ene trans ecti on reagent (Q agen) accordlng to
t Mane fremnuifoact wnel ' fSidarstwiidt | Dhsfoanaldedhvds i amdwPt h% glutar-

aﬁagﬂgg gu%%g%%gg ilnv Voglpgf % ?ﬁrflnal)étQQle %%ll stained

gdentttl 5t pur omyci

ol I8l | & were valttfran&t@ﬁtﬁd; %émﬁmn@ma&ﬁung Img/ml X-
expr essi on- and
gal, 2mM MgCl,, 5mM potassium ferricyanide and 5mM potassium

ferrocyanide. Recombination efficiencies were corrected for
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 recombined the loxP
reporter, but did not recombine 1loxLTR and Tre showed effi-
cient recombination on the 10oxLTR 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
loxLTR reporter cell line was tested for recombination after

transfection with a Tre expression plasmid.

The loxLTR stable cell line was generated by puromycin selec-
tion (2pg/ml) of Hela cells transfected with the pSVloxltr
plasmid. For the recombination assay, this cell line was
transfected with 0.8 pg either mock, Cre or Tre plasmids using
Effectene in 6-well format and assayed for PB-galactosidase ac-
tivities 48 hours post transfection using the Galacto-Light
kit (Applied Biosystems, Bedford, MA). The PB-galactosidase ac-
tivities were corrected for transfection efficiencies by meas-

urement renilla luciferase activities in cell lysates.

PCR assays and p-galactosidase activity measurements demon-
strated that Tre recombines IloxLTR sequences packaged in chro-

matin (see Figure 8C and D).



reporter plasmds ina 1:2 ratio in 6-well format
using Effec tene (Qagen) . Atotal of 0 .6ng of DNA
woa®snsmdl f or transfections . Parallel transferCT/BPE08/000021
wi th reconbi ned version of sthe reporter plasm ds were
carried out to calculate the percentage of reconbined
reporter plasm ds. Reconbi nase activity was eval uat ed
48 hours post transfection by assaying relative
b- gal act osi dase activities 48 hours post transfection
using the Tropi x Galacto-Light kit (Applied
Bi osystens, Bedford, MA) according to manufacturer's
protocol. Briefly, HelLa cells were washed with PBS 48
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products were visualised on a 0.7% agarose gel.

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 & MariM, 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 1loxLTR
sequence 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.



transfected with 0.8 ng either nock, Cre or Tre
pl asm ds using Effectene in 6-well format and assayed
wo o008l0839al act osi dase ac tivities 48 hours postPCT/EP2008/000021
transfection using the Gal aeto-Light kit (Applied
Bi osystens, Bedford, MA) . The b-gal actosi dase ac
tivities were corrected for transfection efficiencies
by nmeas urenent renilla luciferase activities in cell
| ysates. PCR assays and b-gal act osi dase activity
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I sua Yo agar ose gel | . Exam nation of
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H V Tat repopter_constructs were n ated, and st ed
MG F T OBy B FEREC PGS JCT A FAETFBEeFR . LeLgrrtes -
essential viral transactivator that regul ates HV LTR

pronoter-directed tran
When Hela cells were cotransfected with a Tre expression vec-

tor along with the Tat vector and pHIV/T2/LUC, a three-fold
decrease in luciferase activity was observed (see Figure 9C).
In contrast, no decrease in luciferase expression was detected
when the same experiment was performed using the pHIV/T1/LUC

control (see Figure 9B).

To prove that the observed decrease in luciferase expression
was a result of recombination and not of blocking 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
recombinase, using primers L1 (5'- GAAGGTGGGTTTTCCAGTCA-3';
SEQ ID NO: 24) and L2 (5’- AGGGAAGAAAGCGAAAGGAG-3'; SEQ ID NO:



scription (EMERVAN & MALIM 1998) . For subsequent

anal yses the | oxLTR sequence was i ntroduced in an
woikdgslossosf er ase reporter vector (pH V/ TI/LUC, BOIEPZNNS/000021

vector) within the HV-1 H¥B3 LTR (RATNER et al .,

1985) . In addition, another copy of the | oxLTR

sequence was inserted 3 ' of the luciferase coding

sequence to generate pH V/ T2/ LUC (depicted in Fig. 9A)

Thus, Tat transactivation results in expression of

firefly luciferase driven by the LTR pronoter in these

vectors. For transient Tat transactivation assays, HelLa
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25agMnegfateach cANTPol 3m®, 08 NMPg©I. tdred Tat Suector obr BloTaq DNA
cDNA3 as nﬁg ve c ntrol for Tat. The cells were,

TEG238 - holFs %BSPrP HA5F eWETONVARYR BE22 e For agarose

gefll refley parei pevaserachicvet Yehy digirag teid; efduridneéd using Gel
Renilla luciferase assay kit (Biotium In¢., Hayward,

eXCAPCLiPRekatt (QF 2PRR) V\%‘P% 7Y Qe $ S RS ect | on
efficiency by using a |acZ vector as an internal

control and neasuring the b-gal actosi dase activity
Rejcopinhéies| Fepydhtedn Phdrndelsd zceldfs T &p due to removal

ofCOJﬂeanﬁI&Cée%%sva L Nl & SXRRSST O MRE Pl NG V£ Nrecom-
he Tat vector and pH™V/ T2/ LUC, 'a three-fold decrease

bllnnitll@@l ftereaskandt isdiziey Was 2efsémvedP¢R e@nFi Girles otransfected
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he sane exderl ment vva erformed usi ng
pricamcpHl ‘aSIrﬂ[Iy/ ItHE cort ridd Hesed Botgurin 9Bjeseriace prroveabsence of

T&Qat f#e gg% Eggg de%%ﬁgse An |UEifer%§%n% Br%58'°w1th the
PHIV/T2/LUC vector predominantly displayed the 1lower 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 sequenc-

ing confirmed the precise excision of the 1loxLTR 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



was a result of reconbination and not of bl ocking the

Tat ac tivity or transcription fromthe LTR pronoter
whygoosiog3sseconbi n ase, PCR anal ysis was perfor nedi/EP2008/000021

assayi ng for reconbi nati onswpon Tat transactivation

(see Figure 9D) . PCR analysis of reconbination on the

Tat transactivation assay was carried out on DNA

isolated fromHelLa cells transfected with the HV

reporter vectors in presence or absence of the

reconbi nase, using priners LI (5" -

GAAGGTGGGITTTCCAGICA-3' ; SEQ ID NO: 24) and L2 (5'-
1 oXGERARGARRCCEAARGEAS- 3" andEQ’ | BTRO(dspiehploynnighes 10A) .
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PUSOTE G ad t58Fym&ASe. e prddu%é lncreasue i total
gendmﬁﬂﬂéngihnw&sdeHpeq&amaf1gﬁldeﬂ&mndxrbpreduetpecific se-

were gel extracted, purified using Gel extraction Kit
IYHEFen) and used for sequencing. Recombination

results in a band size of 756 bp due to renoval of the

| uci ferase codi ng sequence, while in absence of recom
Vigidta RSP A PEEndosez @Toslused . tpeRSoRNEeFPEransiection of

2d3manshiact ed oM th itshe A YaTl DhkCanachar exp@Bt8i BhNgector en-
just one | oxLTR site, produced only the 2.7 kb band

cqsfdm i Ahpr efasica land ablBABEL bs f VEFES, $MW RS agtycoprotein
pr eéﬂn CB%;J le%ltyr a'%%f ecf‘ltIQ}d- 1Wpfs%uhB€yEE'£V@8é '-Hgo&ﬁéégfby tran-

m nant 1y “di spl ayed thé | ower denonstrating
s itdrad tdutnaﬁhﬂautdbnofofat1ack|vaw|onzaa% duell® Teeth 3 pg
medi at ed ex0|3| n_of the C|ferase cassett

OGRS S axtFRoEPIN BT The (PO s (Tnvitrogen)
witlduaned, iy i$.QUSN G siing @ORHI rpm@'eEtHQlﬁhQﬁhﬁé @REL S| ONmg/m1)
of the | oxLTR fl anked se _
according to the manufacturer’s protocol (Polysciences, Inc.).
At day 2 posttransfection viral supernatant was collected and
passed through 0.2 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° HelLa 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'DoHErRTY et al., 2000) with 1000 ng/ml of the
pseudotyped virus 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 pg/ml puromycin (Sigma-

Aldrich) for 2 weeks, and with 0.5 pg/ml puromycin for another



guence (data not shown) . Exanple 4 Excision of a

full-size provirus fromthe genone of H V-1 in fected
wheovansi®el | s The capability of Tre to exci se aPCT/EP2008/000021
full-size provirus fromthesgenone of H V-1 infected

human cells was exam ned. To test this, a provira
DNA, derived fromthe H V-1 strain NL4-3 (ADACH et a
., 1986), was constructed that contains thel oxLTR
sequence inits 5" and 3 "' LTR (depicted in Figure
10A) . In this construct, the nef reading frame, which
is dispensable for virus replication in cell culture,
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conmpensat etion Speci e quences
ceVilsal pseudotypes were produced by transient
cotransfection of 293T cells with this proviral DNA
and an expression vector en coding the vesicular
Thet cirefdddesi Vwitiss epyet Dpke gt yopriotei te (MSVwEre. then trans-—

Briefly, the H V- seudoty roduced by tran
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(I'nvitrogen) w thout antibiotics using 4

Iep6l- yeTthhayI@ﬁﬂﬁ%V@PBeowcﬁﬁ‘FrﬁeﬁléééBFdFﬁélt FPHe were moni-

£ JRAUTACHIT 8£55e P 0L 9CRLORBL ¥86L €Be@Svik)C.Ina AtidAY groduc-
posttransfection viral supernatant was collected and

tigassed through 0.2 mmpore size filters to ensure the
renoval of any viral aggregates and cells and the p24
Gag antigen | evel was deternined by ELISA (I nnotest

TollaV phofitd B A ismogadetinom Nnfegted 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: 5'-ATCAATGAGGAAGCTGCAGAA-3’ (SEQ ID NO: 26), gag-
reverse: 5’-GATAGGTGGATTATGTGTCAT-3’ (SEQ 1ID 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; Each sample was
tested in triplicates, and results were normalised using am-

plification of the same genomic DNA with human f-globin prim-



Subsequently, 5 x 105 HeLa cells, cultured in DVEM
containing 15% fetal calf serum (Pansystens GrbH) and

W@ra0slo3398i cs (peni cillin and streptonycin) , REF/EP2008/000021
infected in a six well plaiBe by spinocul ation
(O DOHERTY et al ., 2000) with 1000 ng/m of the

pseudot yped virus together with 1 ng/m pol ybrene

(Sigma- Aldrich) at 1,200 x g for 90 min at room

tenperature. At 24 hours postinfection the culture

medi um was changed and cells were washed to renove

free virus. At 3 days postinfection the cell culture
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| rei ‘releasing cells were then transfected
either with a plasmd expressing Tre or with the paren

tal control_ vector, _.both also carrying the '
Afted shngeclengl fivd &Pt 1949 n%%?ﬁ/%?ch%ﬁ’egg‘g ﬁbgt be de-
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anadglsdfed ¥ r'ghh Ihf ERITHP HAE Fel s HET ng t RBABPRood & was de-
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the manufacturér's protocol. Quantitative real-tine
PCR re veal ed that the presence of H V-1 gag-specific
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over tine'in Tre ex pressing cells, as conpared to
byodetelmieihg ESd€abi qanteldelB, lgppés diragkhf) culture super-

N L
irgagr&veirggbition of particle release as compared to the Tre-
deficient control 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 visualisation of Gag expression by laser scanning immuno-
fluorescence microscopy 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

% BSA/PBS for 30 min. Proteins were stained in 1% BSA/PBS us-

ing primary antibodies recognising HIV-1 p55%9 (1:100 dilu-



5' - GATAGGTGGATTATGIGICAT-S' (SEQ I D NO 27), gagpr obe:
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reconmbi nases, wherein the honol ogous sequences are
separated by a spacer of 5-12 nucl eotides, and wherein
wo b@siogdyel ogous LTR sequences with hi ghest honptDER2009000021
a known target site represomt the asymmetric target
sequence; (b) preparing two synthetic sequences,

wherein the first synthetic sequence corresponds to

t he sequence of the asymmetric target sequence of step
(a) honol ogous to the left half-site of said known

target site plus the spacer sequence and is referred

to as "half-site sequence 1", and wherein the second

synt heti ¢ sequence corresﬁﬁﬂkﬁﬁo t he spacer sequence

pl us the sequence of the asymetric target sequence of
step (a) honol ogous to the right half-site and is ,
refetedt Fos PhigPRringe TeqERPEESSLion(cyegePer RHidYN9 2

the, nuel eot i dege%%xp%paw,e syphbeti c $894eneds of BB inase
rom

(b) "deviating e correspondi ng honol ogous | eft
hal fesontlei merl &5 ghndiat fe sidegsequraeesad whehkmope LTR of

honol ogous, t et.site of st ( ; enef atin

firBt° hﬁ%%t?%%‘th%s?ﬁﬁ%etlggguéﬁ%%sg%ﬁé?ge<%gsis %?gt cell
t hecsyptheing seguangss oaf step (b) , wherein the

first target sequence in the first subset conprises an

inverted repeat consisting of half-site sequence 1 of

st epaf @) garchr- il fngi tke sSeayesnce Lot separakedrbyheroviral
spacer sequence, and wherein the second target
sequenceDYh, t hdeptiEyingbsberebppprgagnces with homology of

at least 30 % to the left half-site and the right
half-site sequences of known target sites of
recombinases, wherein the homologous sequences are
separated 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) homologous to
the left half-site of said known target site plus the
spacer sequence and is referred to 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



an inverted repeat consisting of half-site sequence 2
and half-site sequence 2 of step (b) separated by the
W@ pasms39sequence, wherein hal f-site sequences RCT/ER20d8/@00021

" represent inverted repeat® of the respective
hal f-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 with the respective spacer sequence of the
target sequences in the first subset of step (d) is
used to BehEratee agerHaBpeAd&ft R géhoyBqURAE OGP YShetarget
second sub gtopysgégrq g an inverted repeat on the
basis of the selected half site sequence, such that
t he (dpaceensegueme ea sépastat egbdot hoSefuentasg¢or peamgences on
the inve d.repeat rein. t qu bath
haIf-sitéggeéﬁgﬁgeéi%ngfnggfﬁ%%ﬁﬁén%%é?%ﬁé%%eggaﬁggp (b
sequencesheneihetlié r8irsubsetgedf sstopenie) iar €hal fered subset
during their synthesis _and prior_to using.sane fo .
gener at | RGTPRET Rvaht LAVT 6hedt *GPET H RG T her Eofpt b RRLE-site
target segyesneesuchothaitdpn thg laafd halfssiee sequence 1°
sequence a portiogn of the nucl eotides deviating from .
the corr &8BBRAFRY ﬁ%hn?%%o&?aﬁﬁﬁi?ﬁ?%?%%ﬁueﬂagoﬁqﬁﬁ?ln the
known tacgebndi t8r9étsteguéidei $nr epbagedsbystbget comprises
native nucleotides found in the known target-site and
in the rPghtinyEIredi tePeedueiRies e Westt ofathesite sequence
nucl eot i ges ,d@vinalieDg; f£0BLLENENEOT $€8POREEPT (b) separated by
honol ogous left half-site is replaced by the native

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 with 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
the basis of the selected half site sequence, such
that the spacer sequence separates both sequences
forming the inverted repeat, wherein the sequences of
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



nucl eoti des found in the known target-site, such that
in both half-site sequences originating fromone

wo argmes3vsequences of the first subset of step PA/EPZREM0021
toget her all deviating nuckmEoti des can be found,
wher eas none of said half half-site sequences al one
conprises all deviating nucleotides; (f) generating
further subsets of target sequences starting fromthe
target sequences in the second subset obtained in step
(e) by stepw se repeating the process of step (e) each
time generating a new subset of target sequences,
until thefhahe- &npenséquertesiter MngteRe (hverd efpplaced by

repeats %Lghhﬁtgaghl nerated, t 1ﬁm¥j§@qugn§%§ﬁ20959§@t-site

one, two or three nucleotides deviating from

corr espoadiingnhairel cgols e lif-siite seqyence dfhe est of the
known tangelosiigse (9)aappLYINg MoLegh! ar ALrecked esponaing
n°t % e known

evol uti on e reconbi nase recogni Si ng
honmol ogousmbasgets siéét chadénsiinestiep reg)l arsidngyt hghe native

target sequences of the final suhset obtained in s
ik i $

t
(f) cont RGEOReS T brit Hrike M e 56 Sé‘éé&?atgﬁah that

from theigorpespondiltg siarnl eggusnbasf -si il reagugNCc&rom one
of said known honol ogous target site as a substraie;
(h) shuf £REAGEt REFERGH5i nake Gheor S 78S Sféd Ph step (d)

step (9) xbkknappbyéhge ol £eul ae Hid@6Ld neialedtioBsONcan  be

t he shufgleddlibaary obtainedfin sgeg S?)hu%%qg‘%he

t ar get ound, whereas none of sail a a Site sequences
alone comprises all deviating nucleotides;

(f) generating further subsets of target sequences
starting from the target sequences 1in 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

(9);



sequences of the next higher subset according to step
(f); (i) repeating steps (h) and (i) until at |east

WO@n@3/083961hi nase i s achi eved by nol ecul ar di r ee€BEP2008/000021

evolution that is active om2the 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. 2 . Method according to
claim1l , wherein the known reconbi nase whose target

seqiehce? PRIV T &G R { &) r&5d SApBHOWRE LA st eldltft ahufiled

di rect ed) ypA i ONLESi 0P I 80 1 St eppn)( Qud (ihe target
bel ongs to the famly of serine integrases . .

Met hod age@weners tof cils mekt hilgbdesi Aubpet kpewprding to step
reconbin@ﬁﬁ.mhose target sequence is used in step (a)

and upon ich molecular directed evolution is applied

in dfepsrégyaimy (igtdrsl ongs tendhe(Flamunridf ayrobeapst one
I nt egr asz?s'corﬂ'bina!vs?et hoqsacca?r di.en\gac{ 0 8' ai %o%e’cu\ﬁ'g%r ei(i]irected
the recohbfRaze i3 selectedj?ron1 he gr oup consi sting

of Cre fevoibbage PRhatFLEs f memiyeasin anble Dreasyinmemric target

phage D6. 5 . Method accaqrdi t one of . clai 1
to 4 . WABTUERCE Hit ¢ 1% St EftsBfERLsTal VA of step
identifiedyin step (a) islocalised in both the 5 -LTR
and the 3'-LTR of the provirus . ,
(k) isolating the nucleic acid of the least ©one
recombinase obtained in step (j) from the 1library;
and

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

suitable expression vector.

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

(i) belongs to the family of serine integrases.

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

(i) belongs to the family of tyrosine integrases.

Method according to claim 3, wherein the recombinase 1is
selected from the group consisting of Cre from Phage PI1,

FLP from yeast and Dre from phage D6.

Method according to any one of claims 1 to 4, wherein the

asymmetric target sequence identified in step (a) 1is



6 . Method according to claim5 , wherein the proviral

DNA inserted into the genone of a host cell is the DNA
w@b2008/08®8r ovi rus sel ected fromthe group consiBCT/RB200$/000021

Mouse manmmary tunour Vvirusi@vMMIV) , Mason Pfizer

nmonkey virus (MPW) , Human T cell |eukem a virus Type

I (HTLV-1) , Human T cell |eukema virus Type I

(HTLV-11) , Siman T cell |eukem a virus Type |

(STLV-1) , Siman T cell |eukem a virus Type |1

(STLV-11), Bovine | eukem a virus (BLV), Feline

| eukem a virus (FeLV%kand Mol oney murine | eukem a

vi r bleciMomd) in 7botiet £88 ascobtR ngtd &hg mP6-LTR of the

whepehpithe retrovirus is a lentivirus selected from

the group consisting of Human i mrunodefi ci ency virus

Type 1 (HI V-1), Human i nmunodefici ency virus Type 2

(HI V- I.i.an ;i def,igieney virus (Sl . oE8li
o {mililer; SRR g Vigis (8 M | pEELLTE o
viruss¢Btag jintbedhei geaower v (WJost Egel heis the DNA of a

i nfecti ous anem a virus (ElA and Caprine_arthritis
encéﬁ%‘lﬁwﬁ%s visﬁggcfﬁéE\gro.m g)cbe I\/bqrhoolg) ac BT af g o Of Mouse
cl ahfrary Wieheuft therasynNetrvi ¢ tvrsget Befluenceonkey virus

identified i is localised in both the 5 -
an (HREVES BT T 0y Tt 016U REBRod AREDYalhg Homan

to ¢l &dni8 iemhe(i®l Nnvi besagyeetri c (haryet1 Se0BenEdn T cell
identified in step (a) localised in both the 5 - LTR _
andlengenia | YRTEF RS/ pr ol AT S Has tHe Feqlerided 'seteukenia

foryh.-as d DINO (Srr.dOr1)Vet Rediaecordigni aa¥u@ne (sLv),
of claimse I'to 9 , wherein the nolecul ar directed _
evoFalion éapkendéd V4 ragbstiiediVa- |anskdéploney murine leukemia

virus (MoMLV) .

7. Method according to claim 6, wherein the retrovirus is a
lentivirus éelected. from the group consisting of Human
immunodeficiency virus Type 1 (HIV-1), Human
immunodeficiency virus Type 2 (HIV-2), Simian
immunodeficiency wvirus (SIV), Feline immunodeficiency
virus (FIV), Bovine immunodeficiency virus (BIV), Maedi-
visna virus (MVV), Equine infectious anemia virus (EIAV)

and Caprine arthritis encephalitis virus (CAEV).

8. Method according to claim 7, wherein the asymmetric target
sequence identified in step (a) is localised in both the

5’-LTR and the 3’-LTR of a HIV provirus.

9. Method according to claim 8, wherein the asymmetric target
sequence identified in step (a) localised in both the 5'-
LTR and the 3’'-LTR of a HIV provirus has the sequence set
forth as SEQ ID NO: 3.



protein evolution. 11. Method according to any one of
clains 1 to 10, wherein the expression vector in step

W@ 2908i0839an expressi on vector is selected from POEEBI00&I0021

consisting of retroviral vewmtors, lentiviral vectors,

spumavi rus vectors and adenoviral vectors . 12. Method

according to claim1ll, wherein the expression vector
is a lentiviral vector selected fromthe group

consisting of HHV-1-, SIV-, FIV- or ElAV-derived

lentiviral vectors . 13. Method according to any one

of clains 1 to 12, wherein the expression vector in
step (1) conprises a cellular, bacterial, a viral or a

hy
1OV.Vh

biuL A BE OIRESE a1 - £ MBI NP Accor Aing f0 1@ M 13yherein the

ereln sard pronoter is a constitutive pronoter or a

der nghecveat heirotted Sevikt thioth awruoraliey 1o epbphrage-linked
mhereipesaid anslgtutive pronoter or derivative

t heP&3

4 SEYetted fromthe group consisting of

pronoters of cytomegal ovirus, Rous sarcona Virus,

mu
1lph

rine

DB B s o, s o P

ukem a. virus-rel at ed rﬁtgngrus S
e

pi-8&n f88u%9f0W%$Fﬁfn the

Vi r dgp@Esbusmnvetesgathostbactey Lsalgthasdfreddiidindvector is
according to claim 13, wherein said ﬁronnter IS, an

i ndg8iLBF

c@r ERBReFNBr 9ROHR FORET Tl RhePEoF S L1V RRL nBTCETOrS!

accordingitoicl gbmdbs, Wghiavisakd kBdueirbl eapronNBEShioviral
or derivative thereof is selected fromthe group
con¥estPhag-of the LTR or derivatives thereof derived
fromlentiviruses, spumaviruses and deltaretroviruses

12.

13.

14.

15.

Method according to claim 11, wherein the expression
vector is a lentiviral vector selected from the group
consisting of HIV-1-, SIvV-, FIV- or EIAV-derived

lentiviral vectors.

Method according to any one of claims 1 to 12, wherein the
expression vector in step (1) comprises a cellular,

bacterial, a viral or a hybrid promoter.

Method according to claim 13, wherein said promoter is a

constitutive promoter or a derivative thereof.

Method according to claim 14, wherein said constitutive
promoter or derivative thereof is selected from the group
consisting of promoters of cytomegalovirus, Rous sarcoma
virus, murine leukemia virus-related retroviruses,
phosphoglycerckinase gene, murine spleen focus-forming

virus or human elongation factor 1 alpha.



18. Method according to claim17, wherein said LTR or
derivatives thereof is derived fromthe group

w@omsiossng of HI V-1, HV -2 , MWV, ElAV, CAEWCBER2008/000021
FI'V, BIV, HTLV-1 and HTLV-1d5. 19. Method for preparing
a tailored reconbi nase, wherein said nmethod conprises
t he nmet hod according to any one of clains 1 to 18 and
the further step of expressing the tail ored
reconbi nase or a fusion polypeptide conprising the
am no acid sequence of the tailored reconbinase from
the nucleic acid encodi ng the reconbi nase inserted

16j. ntMethed expresdinh tectbrin nld swheedite $idst rEgmoter is an

r stem

Ce|f&§%£§$5%%gsa,g nefﬁ% g%ﬁgpéggggfﬁgéﬁgéfod
accordlng to any one of clains 1 to 18 and the further
ste I, ntroducj the ex Si % n 0
|nt@ ghgﬁltéﬁf d stengce .Pgi. thog a%é%édl?EFUClble
to pranotds, omheéeiﬁahD@é t@éieds sl seledt 0 dmdrhethe group
group consjsting of bacterial cell east ce
i ns€ Psb%F}%gaﬁ ﬁ%ﬁnﬁ?éaﬂrchF§V§§iv%ﬂ e E?%én
obt akpabl erb 08 simpndk)rudfed Radeiehedraceor dinge o
any one of clainms 1 to 18. 23. Nucleic acid according
to claim 22, wherein said nucleic acid encoding the

18t.al L@ERGar egee@fa9§§ has theafwicl €7 ¢ aghsrSoOUENcE: SEITR  or
forth as SEQ I . 24. Expression vector as
obt éeﬁahaéw@@mtbﬁéeﬁét A6d SgEdordi g o Hify IR consisting
cl ajgs yhiq 1%J\?~% T@iy or géav eceRBNasevas rakt aimabl enTv-1

fromthe metho
and HTLV-II.

rlved from

19. Method for preparing a tailored recombinase, wherein said
method compriseé the method according to any one of claims
1 to 18 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.

20. Method for preparing a transformed adult stem cell,
wherein said method comprises the method according to any
one of claims 1 to 18 and the further step of introducing
the expression vector in vitro into a suitable adult stem

cell.

21. Method according to <claim 19, wherein host <cell is
selected from the group consisting of bacterial cells,

yeast cells, insect cells and mammalian cells.



according to claim19. 26. Tailored reconbi nase

according to claim25, wherein the protein has the
w@riosm®ai d sequence set forth as SEQ | D NGO 3PCT/RF2008/000021
Fusi on pol ypepti de as obt aitwabl e from the nethod
according to claim19, wherein the tailored

reconbinase is linked to a second pol ypepti de. 28.

Fusi on pol ypeptide according to claim 27, wherein the
second pol ypeptide conprises a signal peptide. 29.

Fusi on pol ypeptide according to claim28, wherein the
signal peptide is a protein transduction domain.

2FusNIF 153y psiitd d@S afRsRdPAR LEo 1O nFoRR \iker &ifn *%}h@e method

F”(ﬁé%daﬂhﬁﬁasQHCShﬂnoggngfnc1§1$§elFﬁJJRﬁDtIde or a
peptide fromthe third helix of the Antennapedi a

honeodonain .31. Adult stemcell as obtai nable from

‘;5 he I\fﬁg:tl%qg a Qir CQ cﬁ\;\ﬁeaﬂ({n 89a11§222Adthr§£§nE%Fhl nucleic

according to c aim3 rein sard adult stem ce
a starhdcedéhcdadiom t behermt opoict recbinbéagee 338s Mdtdoducleic

accordi to _any on f al ns f rt her
ol 3etRe8RE 808 Phpeh L Moato b Ak Ao
vector, the protein, fusion protein or the adult stem

el | as a pharnmaceuti cal QRO 0 for he reducti on
Z%f tﬁﬁ?RﬁSPéPn|8§&tPﬁ FEN &%1 aﬁﬁﬁ 6& me% od according

ret ryianys ond4orMet hoflsaccosdigg to cIa|n133 wher ei n
t he pharnmaceutical preparation further conprises a
pharmaceutically acceptable carrier, excipient and/or

28d] Wanlored recombinase as obtainable from the method

according to claim 19.

26. Tailored recombinase according to claim 25, wherein the
protein has the amino acid sequence set forth as SEQ ID

NO: 3.

27. Fusion polypeptide as obtainable from the method according
to claim 19, wherein the tailored recombinase is linked to

a second polypeptide.

28. Fusion polypeptide according to claim 27, wherein the

second polypeptide comprises a signal peptide.

29. Fusion polypeptide according to claim 28, wherein the

signal peptide is a protein transduction domain.

30. Fusion polypeptide according to claim 29, wherein the
protein transduction domain is the TAT peptide or a
peptide from the third helix of the Antennapedia

homeodomain.



35. Pharmaceutical conposition as obtainable fromthe
nmet hod according to claim33 or 34 . 36.
w@b@soseut i cal conposition according to cl ai lPGBEEP2008/000021
wher ei n sai d pharnmaceuti calo7conposi ti on reduces the
virus load in a subject infected by a retrovirus bel ow
5. 000 genone equivalents/m plasm, preferably bel ow
500 genone equivalents/mM plasma and nore preferably
bel ow 50 genone equi val ents/m plasnma. 37.
Phar maceuti cal conposition according to claim 36,
wherein the retrovirus is a retrovirus selected from
the group consisting of Mouse manmary tumour virus
( MBS [ ir Huran I g
31C2Tg8%%ﬁken1an3{¥hs yﬁ%ﬁgﬁ?é%ﬁs-F§O§NE%%%%e% cell cording to
| eukeaim 0 rus Type |1 (HTLV-11), Siman T cel
| eukem a virus Type |I (STLV-1), Siman T cell |eukenia
virus Type Il (STLV-11), Bovine |eukem a virus (BLV)
32Fel haelt eskenl aeVirascqdfeing wandc Minonkly, natidmeein said adult
| eukem a vjrus (MM . .38. Phargaceutical s .
ConBEET Font abtct iRt (55201 AFRITI6P wAEPRT PR it ic Lineage.
retrovirus is a lentivirus selected fromthe group
consi sting of Human i nmunodefici ency virus Tyge 1
33¢ H Method " AGREAIEABUSEIETT i @Rty OFi UL Ippel 2CPHIAgw 2)further
’ Sbghﬂﬂiéﬂﬂyan@fHﬁkﬁﬁnyxfEHﬁagg%y)theF%ﬁﬂ¥%ssion vector,
i mrunodeficiency virus (FIV) , Bovine |nnunodef|C|enc¥
vi r bBe( BEVEeinphdgisupran®@roiteds (ythe Reinhle stem cell as a
i nf ' ] i (:El AV) ' rd-hrdd i ;
encanna T e oo as, (AR Oy P aceu g of e viral
conposflt inna aswiekithginiechpy drye aofregravhsuss to 38,
wherein the subject is selected fromthe group

34. Method according to claim 33, wherein the pharmaceutical

preparation further comprises a pharmaceutically

acceptable carrier, excipient and/or adjuvant.

35. Pharmaceutical composition as obtainable from the methed

according to claim 33 or 34.

36. Pharmaceutical composition according to claim 35, wherein
said pharmaceutical composition reduces the virus load in
a subject infected by a retrovirus below 5.000 genome
equivalents/ml plasma, preferably below 500 genome
equivalents/ml plasma and more preferably below 50 genome

equivalents/ml plasma.

37. Pharmaceutical composition according to claim 36, wherein
the retrovirus is a retrovirus selected from the group
consisting of Mouse mammary tumour virus (MMTV), Mascn

Pfizer monkey virus (MPMV), Human T cell leukemia virus



consi sting of humans, prinmates, nonkeys, cattle,
horses, goats, sheep and donestic cats. 40.

w@b@soseut i cal conposition according to any oPET/@P2008/000021
clainms 35 to 39, wherein th® pharmaceutica
conposition is for concomtant admnistration with
ot her active agents of the highly active
antiretroviral therapy (HAART) . 41. Pharnmaceutica
conposition according to any one of clains 35 or 40,
wherei n the pharmaceutical conposition is for
adm ni strati on concomtant or subsequent to gl oba
i miinee ack | WBELENI hertipiaror Tspedlif i denkemyat i vhrwt Type 11
proYth§ gENe g%ﬁﬁgﬁsTo%el 21eu@eﬁhgr%ngr“¥&ﬁg I (STLV-I),
optimsing the treatnent of a retroviral infection of
a sBbpest, Tcou@llsdﬁglktemeast\epmsofﬁmﬁ) dét ef A Tigh )t/ heBovine
nuc aC|d sequen trOV|r e in
blogauE fpfe o ?lent scgﬁﬂﬁggugheéﬁgéf (F1¥) and
SEQMGMCEe@fmﬁhEnSGﬂMﬂﬁﬁﬁjDﬁn&k&D(M@MLWOR known
reconbi nati on sequences for which specifically
tail ored reconbi nases have al ready been prepared; (c)

38i.n oasemateheasil 086mPbs s8ich kaneysr dacpntd nal s on 36 wherein
sequence exists, then a conpound selected fromth
gr otiBec iR =iyt Sof 1 3in aexlpﬁré%ls‘”dﬂ‘svei?b?CE%‘?Tprflrﬂ“ngthe group
the.BUch et €ngchd BhmibeidmidIad JiReRIPVARSE Type 1 (HIV-1),
speci fical ly recogni sing said _known reconbi nation
seqiepae, dEMYNPERFbEEENFECONbBaseTYREf udi odpYoter n Simian
CO”HﬁgﬁhBQekﬁgléﬂkyo QQstsqu€Ofe OFe32hd t aih@hedeficiency

reco i nase or an adult stem cel corrprl Si ng said .
virus (FIV), Bovine immunodeficiency virus (BIV), Maedi-

visna virus (MVV), Equine infectious anemia virus (EIAV)

and Caprine arthritis encephalitis virus (CAEV).

39. Pharmaceutical composition according to any one of claims
35 to 38, wherein the subject is selected from the group
consisting of humans, primates, monkeys, cattle, horses,

goats, sheep and domestic cats.

40. Pharmaceutical composition according to any one of claims
35 to 39, wherein the pharmaceutical composition 1is for
concomitant administration with other active agents of the

highly active antiretroviral therapy (HAART).

41. Pharmaceutical composition according to any one of claims
35 or 40, wherein the pharmaceutical composiﬁion is for
administration concomitant or subsequent to global immune
activation therapy or specific activation of provirus gene

expression.



expression vector is prepared as a pharnmaceutica
conposition for the reduction of the viral load in the
WG g me81931 ot herwi se sequences with honol ogy of PEl/EP®ag 000021
30 %to the left half-sitet@nd the right halfsite
sequences of known target sites, respectively, of a
reconbi nase, wherein the honol ogous sequences are
separated by a suitable spacer of 5-12 nucl eoti des,

are identified and termed "asymretric target

sequence"; (d) performng steps (b) to (1) of the

nmet hod according to any one of clains 1 to 18 for

42pr epari g tan exptaéssi ovfvectdrindndodi nghe t didestagnt of a

rec .nas peci f | y. 4 ec (Ml tgy
| SIPLISEEAS BT A of SrOIBRERY PREPEPIITELIAC sveos
DNA; and (e) preparing the expression vector obtained

in step (d a protein or fusion protein expres :
frorf aigeéﬁﬁWégg?%ngb%cngag%caafﬁgnf%%ﬂﬁe %SaﬁgfegggﬁOVlral
or infecbrd prébesai th exprlessl aampaet of aspatient;

phar maceuti cal conposition for the e%uction of th§

vi rdP)1 0882PRI PRt RRub B tSeWEN e o d PG E5AGPRGS 5 Step (@)

claim42gonher ghdwh N St&dorist)niiiect ededpbaeubar for  which
evolution is applied on a tailored reconbi nase alreaqX
recogni sPRECATiarbbY &RHECHFY f BPEPILIRRIRT Natvpfalready been

wi | d-type kpgopbi nases . 44. Method according to claim
42 or claim 43, wherein an optional step of in vitro )
testliong oh t¢rsef ptcatspyf PRe of said known recombination

sequence exists, then a compound selected from the
group consisting.of an expression vector comprising
the nucleic acid of the tailored recombinase
specifically recognising said known recombination
sequence, said tailored recombinase, a fusion protein
comprising the amino acid sequence of said tailored
recombinase or an adult stem cell comprising said
expression vector is prepared as a pharmaceutical
composition for the reduction of the wviral load in
the subject; otherwise sequences with homology of at
least 30 % to the left half-site and the right half-
site sequeﬁces of known target sites, respectively,
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 method according
to any one of claims 1 to 18 for preparing an
expression vector encoding a tailored recombinase

specifically recombining the asymmetric target



reconbi nase identified in step (c) of the nethod of
claim42 or the specifically tailored reconbi nase

wobiogioss®dl i n step (d) of the nethod of clai m 4PCTEPIV08/000021

regard to excising the provioral DNA of the retrovirus

said subject is infected with is performed prior to
preparing said reconbi nase as pharnmaceutica

conmposition. 45. Method according to any one of clains

42 to 44, further conprising the step of including the

tail ored reconbi nase obtained in step (e) into a

collection of specifically tailored reconbi nases. 46.

Col | ecti 8AqBEn¢ai Lerediféedntiiiades theheri& ok Heroviral DNA;
menber s ?Rdsaid col l ection are each obtained by the

met hod of any one of clains 1 to 19 or any one of

cl ai(es 42repanbnd7th€ottmoe s oirmcsstdimgiteiokdi im4etep (d),

wherei n said tai.lored rec i has Ln.th LI [ .
are stor%dgﬁf%ﬁﬁﬁeggign €€%¥%§ gﬁgggfhg%? %efggpo?g~m said
reconbi nagpreasionclwict@aci brenaodshgmt heellai ltored fected or

r econbi nas as . bacter.i al celé co risin% a plasmd

vect or, ég%éFFﬁﬁ vebtol orS&d protdipfssien T vector  as o a

pharmaceutical composition for the reduction of the

viral load in the subject.

43. Method according to claim 42, wherein in step (d) directed
molecular evolution is applied on a tailored recombinase
already recognising a target site different from that of

wild-type recombinases.

44. Method according to claim 42 or claim 43, wherein an
optional step of in vitro testing of the efficacy of the
recombinase identified in step (¢) of the method of claim
42 or the specifically tailored recombinase obtained in
step (d) of the method of claim 42 with regard to excising
the proviral DNA of the retrovirus said subject is
infected with 1is performed prior to preparing said

recombinase as pharmaceutical composition.

45. Method according to any one of claims 42 to 44, further
comprising the step of including the tailored recombinase
obtained in step (e) into a collection of specifically

tailored recombinases.

46. Collection of tailored recombinases, wherein the members

of said collection are each obtained by the method of any

one of claims 1 to 19 or any one of claims 42 to 45.
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47.

111

Collection according to claim 46, wherein said tailored
recombinases in the collection are stored as expression
vector encoding the tailored recombinase, as nucleic acid

encoding the tailored recombinase, as bacterial cell

comprising a plasmid vector, as viral vector or as

protein.



