, e3eQZQLN&O6TZ[., p 4 SLEP 200 Use of cellular transport systens for the
{ransfer of nucI ei ¢ acids through the 5 nucl ear envel ope The pregeptSEP 7002
i nvention relates to a nuclear transport agent, to a gene transf system
conprising said nucl ear. transport agent, to a nethod for transporting DNA
fnto the 10 nucl eus m ummmm cells using said nuclear transport agent
and to the use of sai ‘mu m ansport agent in gene therapy for treating
cancer) viral infections,gdiseases of the nervous system graft rejection
and nonogeni ¢ or polygenic hereditary di seases. The active transport into
the nucleus is necessary for the transfer of genetic material 15 into all
cel | s t hatUsoohedlutianraisspont sytseemeférmﬂebm‘n@m df macleid acide thxupghakei on of
the genetic material. A nuclear tr portl system for nucleic acids is very
irrpor?ant because it facilitatedCHB'&WPOPENt transfer of DNA into those
cells that divide rarely or not at all (Dowy et al., 1995 WIke et al.,
1996). Most prinmary cells belong to this group. Primary cells are of
hi ghest scientific interest for two reasons. Firstly, said cells that have
freshly 2@ehsedent &%aﬁ@dreiat@s“rtoa@ noélgamirsrmpbﬂfdgemt té Byehyneinslenaysteiat e of

the cell type nuch better than cell nes derived therefro Secopdl y, they
hre Che CAFBESIY SHIC " JiataPoT Bosmy 1O ety Pb ensporig) DNA TheEpy
systam i m&l@%eﬁeﬁmycﬂfcfdeﬂs; asipy safd %drrtmsﬁ@f agenitanastb ahé iusé el s§ﬂ| | Iines

by enabling also th ress transferred tic material, which
have not THFGRUEANSPAN ade s peas o oA Sancecy et AEEtens, diRareaty’ 25
anal ysi s the3feruredyisteniTRjr &t fefdctiors amd inoregdnic éilyyeaiceidreditdfyadisgagaspor t
therein can either occur coincidentally during cell division when the

nucl ear envel ope tenporarily disintegrates in the course of mtosis or it
has to t ke Jutias @ansiortvitloythe nlicludlitc h@ssary dbrethBIramsfer of gesdlierhaeriaint o t he

TR I MG S TR ET I T I e  RICETO b
t hese poigeaetiyymaliefibiliainablear trargpoie systemiier ralele écﬁdseiﬁtléﬂy itnpertani becalse
,P Lg: elhg: ltltfa cnglg{es tg ffa Engfransgerf%NE ‘lan% orégccle S lc’hat %ﬁ/? eI r%?eyll 8P ngtlaqnazi‘ll (NLS)
(Dowty et al., 1995, Wilke et al., 1996). Most primary cells belong to this group. Primary
cells are of highest scientific interest for two reasons. Firstly, said cells that have freshly
20 been isolated from an organism reflect the functional state of the cell type much better
than cell lines derived therefrom. Secondly, they are the target cells for gene therapy.
In addition, a nuclear transport system increases the efficiency of DNA transfer into
established cell lines by enabling also those cells to express transferred genetic
material, which have not divided in the period of time between start of transfer and
25  analysis.

Genetic material is active in the nucleus. The transport therein can either occur

MO0
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coincidentally during cell division when the nuclear envelope temporarily disintegrates
in the course of mitosis or it has to take place actively. |||||||||||||

30

1) Nuclear proteins are transported into the nucleus by means of nuclear

localization signals.

35 The double membrane that envelops the nucleus has pores. Little molecules can pass
through these pores by diffusion. In order to be able to enter the nucleus, proteins
larger than about 50 kDa need a nuclear localization signal (NLS) that has to be



recogni zed by the transport machinery. Typically, a suffi ci ent @lrﬁgsgf)
consists of four to eight amno acids, is rich in the positive az,qUZIs

argi ni ne and |ysine and contains prollnes It is strongly conserved in
evolution so that mammalian NLS are also functional in yeast. Heterol ogous

NLS can al so bhe as a tool to transport t Iecules nto the
nucl eus. MELAINEARF yp&‘?ﬁ@é’épomc@aﬁybzm'%&r%ﬁ%@@@ signab censists effaunies of
CKt opl als lréightt Eﬁﬁﬁcﬁ‘?ﬂ@s ad rlérﬁln&hé\p@b“lﬂ\éé amﬂ?rlac{ima infiesamy gguaa ahg olﬁmaﬁisegg%)
chem ca 0O proteins or even go rticles evi ewed in rlic
) “Nany 90884 S HGE STt SHRHIEP P e TRTRR LN B % f or { he
10 transp@ictiond! i [yeast. BRidrologcustNIES BES laRobe thed and tobinertrdnepért vargetses t hat
are able tQ?@I nfect resti n%Hce | s use viral 'ﬁ{sgtel s and the cel| uiar

i

t r anspor NPT ENY the NUCHET EPT LR RUTRSIRR: CBR PG NAPERREated HRIONING i vpr

and mat risgqurebeion cQfoplaemidbrétamis at magé@tmﬁdbrﬁmltnexs bfS2hh & &upRld. , 1996)
are essenti a| [Ior 15 the infection o do, not divide (Naldini et

al ., 199&Pemig h%ﬂteﬂsﬂ e¥en goig patia eézf@M'FWﬁSW éPF"ﬁE'eEggtB} ansfer their

genones into the nucleus, the help of viral structural proteins containing
NLS mi ght even be a general EI’I nC| This is also su gested t he
fol | owi ng) obs&any: Yigies yses puelpan @ %f‘atﬁ%ﬁm’t nm?ﬂ'é“?% thesrell [5&0#@ in

prevagpts the &r"aﬁwmftthéthNAmﬁthdéﬂko t he nucl eus (Batterson et al.
1983). Adenovirus DNA is 20 transported into the nucl eus together vvlth t he

hexon protein of the disintegrated capsid (G eber et al., 1993). The
t r anspor tHofan&\éer Idivirides thdterd HBlleleihfécﬁ rémlelg abmdusdyviral pi Ehdts'hhs aicthei N

Tho. bact GeIG6" (ABPU HECRBRYA> VPREERIar S Pcls AurBie Torhin VREAbEL of

Agr obact eﬁatmmmbame&mv pFe-P¥égratidrocdphsient (Gulmy@t al Qggeyai@yes%bn@d: for 1994).

var At Yo Iecln sf abis sl Bp pol SR el <l hedefcaliilohdilss KTou o ona

transfer apei Kdve sirlises tkdhefed ehes gmfasm’ets iftb 86 RABcIEHE A NePRIIViraCSRRZturkll rst 1y,
this involves the r mmuno ical reactions_to virus coggteG nts

(Fri ednamame'm@@&mam&&%ﬂagmﬁea | 3 gengsalR|ngiple. JérS 1s|algpesuag ¥d in
such systigalibwing WhseMafidhe: A@peaﬁenmiatioamtrrwmavevépyurp@eigq:mmﬁs g¢annot be

excl uded. Mreover. 't hand].i ng of these systemns i cul t everal

are frr gy dhral S dRE dhede Bps (ST & &l <l ohderot PMASE

It ranlebecttnaﬂﬁpd?feﬁl lmehEMudheumge“tEethrpmatHedm proteif bbthei disintegrateai d?dp@@ nl(JC| ea;

ocal i zat Lon 35,sig i EP 200 Kaneda 1989

and Dot (GFRPeT 2halial Lebtne tahdphe il \EIORINA Jufh) R uBepn & HegRiRd bf ans! or

syst em t lvixtl prstebrapesbadbly Vo83 thit eerabinSasstaiated wiils DNA (Nzkanehi eaad, tabded 5

proteins re rre nt to nucl ear ar.t of . For this

L pose. a5 R, Pt SRR LS Sderiere BegPE RS iefit of dermpadlerisls;  non

h| stone pumefec/anmr-nﬂnqtmncaplam miclet (Citovsidsettab, T994). HMG 1 bi nds to DNA t hrough
mg basic region. It is localized in the nucl eus, but does not have a

kno NLS. In vitro) HU>1 protein fornms conpl exes vmth vector DNA. The

product i @uedd theuability efisdid3ifuses taiofect sestmgicdllaroutahOvariatis, |fueexdh‘|pse ry et

fr anspor £V pIEE0e s SHAE Hely, Vi 8" [Rer 25" LA, TBARL RE0BHE P cttgent ¢ ha
coxl exesleipippment uﬁegemﬁarmefa}»y tappropalwesagBirsify, DING tihvaivegh thdrerisiel dlgl hrond.
c
Ua U S, AnieBiBiaregciohe {2 ik bfbonth FCBAGN 1068 BT RRGSetPngy
| i pof3@ct ihelper eelylnessare wsed ih sioh systehessfor whizhdp®release of less mutated virus
genomes cannot be excluded. Moreover, the handling of these systems is difficult.

Several artificial systems have been described that are supposed to increase
transfection efficiency by means of peptides or proteins containing nuclear localization
35 signals.



Fritz et al. (1996) followed a simlar approach with calf thynus hi'étﬂﬁ?)
or ‘a 20 reconbi nant protein consisting of SV40 NLS and human hi ston 2002
Both of these proteins evidently formlarge conplexes with DNA, as was

shown in the publication, and are suitable for the passage of the cellular
mertbr ane Aut  mobtefr@r nuclear transport. B) Due to their sinpler and |ess
expensi ve production, synthetic peptides 25 containing NLS sequences were
used as well. The group of P. Alestrom (Collas et al., 1996, Collas and

Al estri SiRank89@t all Q9980) dpk msaﬁmarwd% (ng@i Ige pfaféh%%‘é‘}cmt?&\gmé%x DNA

and have it transported 1 nto the nucl eus é t he cel bi ndi ng
occurs scge@wranﬁflebﬁwemHaatpwawdlem yheHed gldierstai Mifis: dirasarors and ?‘Pﬂ,edNLS t hat

are egsergrbinsitRat hleSmbaricib! ipport h'lu%le"a?%‘dhép%rl' Bf DRAKIFRY thif uAsdsdathesi gnal
for the nuclear transport proteins as |on the DNA I's conplexed with the

pepti de. YPURLESRAEMBreioh MeRElosTOUB1 @Pbsa:éawmnaménoea ARaIncelul d be

observed dnporhafl i bifBs & BRANHIAGH Hitds"BDNA thtblidHPa idngBasRaelioh Mt i sper ms,
when they have been incubated in the |ysate of fertilized zebra fish eggs.

At a ol é@‘iﬂ“éﬁd indhe puGeusz Butdogs net '('N_esi kg NieS /8 vitigr HMGrd pfotgmderma/ect or

Copi €s DP&lonilxes vitth VALESCORA. The g{ISAdJcﬁéﬁ%ﬁ pAMRICRMAEA j§ Udkfl BRd Msepr ved i n
zebra fish enbryos, when vector was mcro-injected into the cytoplasm

of tHé cdntessivg. At 100 pepti desl vector and 1, 000 4 p 4 SEP 2002 injected
vectors a sixfold increase was obtained as conpared to O peptide.) Due to
the high density, possibly not all NLS bind conpletely to the DNA and thus
parts rerMAisty agicaks(1998) fdsschitge eXpainapise t congeminge MGt hingdigteghhuplgak he

cause V\hMra’hQ?&{ f[ﬁ@to%"bo@%v@%ﬁ&r@b\l-ﬁ\ﬁealt a§|altrér?s?ectu&@P@e’ﬁeﬁ?fhaﬁ&orﬁﬁlexesl998)
The trans machi ner probabl y abl e to recognl Ze signal s conposed of

two pept ilfA e YRt bee %B@GIR%@&%QG afdaPéh thrg theyeel neembyiane.( icigRfYal ent | y
coupled N&NYwNTRErRAHapy VD BiFFoMaRs '(ﬂféﬁmbﬁdDUA\ @S%WJE@IE (19bhhtHehe NLS

being scattered over the entire |ength of DNA strand. Due to its

massi ve rseteinscHMGsh, andhe2 [ﬂﬁAaé‘HW%ofqroll’Rj’@d‘B‘é repganis rtp bigdiales npdedli scussed
10 in thearsspbe! €, the DNA i s evi dently only transported into the nucl eus
when so many NLS peptides are bound that, for steric reasons, not all of
them are masked by the interaction with the negative charges of the DNA

Gopal (USrpategnd, 51@%9 f%ﬂg\/)/edjfés%frhlﬁ‘i‘sa;ﬁ)rmt Wile &éltafthy?ﬂi!ss'h&k&'negf o.aa
DNA- bi_ndi ng basic 15 ion, | exi bl e hinge region and an NLS DNA

bi ndi®lg '8 %[T'@Ba’?trPrP‘ﬁl"s %?@“%@ﬁl%@d‘%?/ apAumAT Bistore J1- Fff&l(’(f|t'§}?-35""charges
t he reaggitbteinardidenyRdreXBfge\tdmpl&Xtd WDNﬁafasan& SRWH mt the%ﬂib“&tr@h t he
same time for the E?efa &Gort acr ss t he cel |l ul ar msrrbrfa ) i S not evident
why the NINg a5 gutabefog Lnaasae& g eqliviapmembrane; e ngt Hﬂl‘ﬁ‘@e%ftfab‘ﬁm’%o t hat

t he actual signal for the nuclear transport proteins is again Ilkely 20
masked by_.the on e tide is couple e ver, the
conpl exed )genéPNA &9 Wﬁ&/ %E‘@fﬁ’m p|9 ¥ SPHENY i P ‘{‘”CSP"' si@%?t'c et

al ., 25997, Wadbnairiig BLS sedutddes werehaledloewetit al ., 1998) whi ch woul d

i npai r transport through the nuclear pores (Lanford et al., 1986, Yoneda et

al ., 1987, 1992). An effect beyond the known function of polycationic
pepti des TR grotp ahSf dstrom (Caligest al, WEoosh Callgzpard Aledsmhaogmsioane, Bf DNA

U s S Mo B oA Sk U Lonhetbiva 490 e v B ot @1 -
nucleus by the cell. This DNA binding occurs solely through the positively charged
30 amino acids of the NLS that are essential for its function. This results in masking the
actual signal for the nuclear transport proteins as long as the DNA is complexed with
the peptide. An NLS-dependent transport of fluorescently labeled DNA could be
observed in isolated male pronuclei formed in vitro from sea urchin sperms, when they
have been incubated in the lysate of fertilized zebra fish eggs. At a molecular ratio of
35 2100:1 (NLS peptide:vector) and 21,000 vector copies per cell, an increase in
luciferase expression could be observed in zebra fish embryos, when vector DNA was
micro-injected into the cytoplasm of the celis. (At 100 peptides/vector and 1,000



Gerhard et al. (DE-OCS 195 41 679) suggest NLS polylysine COI’]] ugat éf ]
gene transfer. It is also true in thiss case, that the energing db ﬁp§ elg
censi sting of cationic 30 polylysine, %ationic NLS and DNA mask the nucl ear
transport signal as long as it is coupled to the DNA. Szoka (PCT 1993,
clains 2 e . t. After
pre- mcuﬁrg?&)m%\g/ég{ fs”b@ 'ggr%% éj&lgf o8 a%a}é %@%ﬁ%mﬁlé @%I cralﬂjggg?/%of 35

| i pof ect itogh damﬁnteaswltﬂ)oumt-aﬂt NLE ibinsf edrapletBlyetottbe iINNA hind lthys paotsi m—:‘mam char ge,
the Sv40 e

cati oni o BERrTHE LS yeRedtR Rebiindd TRICHIGHL B 11 BB ol el Sl 4 ovi ng
t he ef fi qescrivedodt gila(st Sgbastpdrostsalt, 1898). TbeAIraSﬁfermaehlﬁerge:t pmbablymiebrane
(Sorgl et f e ar transport is
r at her i &83‘%"%"88']‘? %@na% con@?%oegftwg\’%gmﬁ §eqﬁ£nces#§?e)§gg'\§r§g? generated (see
above). As the NLS peptides used bind to DNA due to their charge, the

| mparrea (aveh K o) (RSB Bl iy RUERER of SORIRES ol RECY 15

t he examﬂ)réA medéquiest with the Mpﬁ)beloalscattelrgd o@dﬂmerﬂmg@mstrsofamiDNiAm’nrahd

nmol ecul e 0, i v

unspeci ff%l];i {o))tts %% v%%%é?f;‘bgg gr?tﬂ(":%lr:l)ﬁg‘t&Bpg’vléﬁqew%é%gé%ﬁgpt| &{sfct%g%df from
bi ndi19g tio trEnarticenthe ®NAg evidentNsly fFamsported indmthefnualeds mbeh sassnyiNItS on of
the NLS t u W_ey- I MyE al . (US
patent 5, gb%faﬁg ggé@ﬁ ge%Ngb'JsgteH regé&% Z‘%F%xngfﬁl}_hgﬁ"peag%i"%kl E(héad W th
vect or DNmteeacltlhEW|tumeemﬁgayve)chaageseoftlm)DHAent coupling to a DNA-bi ndi ng

nol ecul e. The conpl exes generated are then used for |ipofection (or other
transfections). In this systemthe addition of a polycationic peptide

wi t hout NBESpal FUS meteph§620,8A8) desaribdscr peptidedhdti consstsyof avi2iMA+bindingt besic t he
addltlon j e I r L eptide
does resu é'OR Sgﬁ%bﬁ n:yésfe '-rggaasrgaolgﬁ '%“?%n&l’ ectfo%@*#l?s %%0 'n h¥h§83§% also in
t hi s casegchielved ayphe Bimoet acids' bsitihat cliasges thd ;eagmptl farmdorbylekéaewrtlmﬂm exi ng
of DNA vi o, t o] se the
transfectI{S"\(l)/?gleu;'%tf%‘?’lmgSH tb%%ﬁ‘lfe Wg@n{g ﬁrﬁgr}?reth%e as?or(ii %ﬁ%s%% c%ﬁul%ra
recogni t iroembesgachhsenot ewderﬁevftmbtt b&E senvercpshouldmohparticipate on thediretihd n t hi s

tr anspor oy Gk e IR Akl soplr; iy loal ushedal BlgdRER aBER ek
specioi cana%egubxprtb%@hlhea%mgeggnbﬁ peptige lQeGQ}tP!QﬂdtWQs Mdrh@vell\IL&%erves
for the tcf}o‘?\ﬁﬁéi%%" e%rah%emﬁ e%r’n@%r&%@‘ét (EAR St hpt@TQVhﬁllég%é Eyﬁl Sfggyhat they

can then e Wt el r targe uence. own "agents for
t he transpadhwapt BINAG9At drubriskexiet alust Mwhlﬁewauﬁampamtt@gepqmﬁtrow

ef {1 Ci e InblkeF dorb (karph ot bRV ! EHERFY dis mEngzf'ﬁ%ﬁéc?bEWr 30

resting ce I's trans the pro Iem under ng the present
i nvent i orthg &knewn fynstier ef aolm&&lp@tarpept*%aﬁoa ttraggfeptiont wagerftawhtk:h tsepRastst he

ef i cjsenting rp%@&ﬂjér &f QﬁA%u%Httﬁb E&ﬁ:ld?%ﬁérﬁH:%néC{SB@Yet al. 52?67‘3%? | GQyiey- onl'y

very slowy dividin econe transfectable to a us degree. 35 This
pr obl em i Nelse) et b&ﬂhﬁﬁﬂwétﬁentsha‘ﬁgport agent consisting of two nodules A
and B, where nodule A binds specifically to DNA and does not lead to the

for mati on_of
Gerhard et al. (DE-OS 195 41 679) suggest NLS polylysine conjugates for gene

transfer. It is also true in this case, that the emerging complexes consisting of cationic
30 polylysine, cationic NLS and DNA mask the nuclear transport signal as long as it is
coupled to the DNA.

Szoka (PCT 1993, claims 23-27) couples NLS peptides to DNA via an intercalating
agent. After pre-incubating vector and peptide (ratio of 1:300), the efficiency of
35 lipofection increases four- to fivefold. Due to its highly positive charge, the SV40
peptide used is able to complex DNA. Complexing of DNA with cationic peptides leads
to an increased lipofection efficiency by improving the efficiency of passage across the



. 4 ~~0 ~nf1? 6 conpl exes containing nore than one DNA nol ecul e @ylf SEP 2007
unspeci fi ¢ bi ndi ng, and where nodul e rl.?f contains a nuclear |ocalization
sirgnal or a non NLS signal that does riot bind to DNA unspecifically. A
preferred nuclear transport agent according to the present invention

corrpri se I pds s e I i L I o] a binds 5
speci fi C#N%Wﬁg?fg@ﬁt?éu ar [ ;/bq'prl—%% I"IGI%J&I?AS % ér%‘ﬂcﬁ?z?' nggérport
agent whédraaspartiisirethar ingpaired herélyt, iatlepsipvtiandarge qomplexen avg genegpatpdi(ske nucl ei ¢
acid (P n odi ] f I r

accordi E?Dto \c')é)t ﬁ‘g tl{')éj@ggﬁ{epﬁér?\%e%e%d %D%ﬂ{igdu%‘{ggﬁ a?%égngi%cgﬁg@ﬂ{ ?lfucl ear

| ocal i zatthetrapéppntasigndidy the agciaart transpart dachingpy ésxisipaited liseaNabakep The it s

char 985 (8 M hRhe AR BREI A sl EhE SEfhld (R DGy ont ai ns

an exten nuc ocal1zation 3|énal sses an ap tely
neut ral rBzoka auggests Aaddiliohaamotecualas for trapgfeetioni thapaaisoi bindatol PNAv eberred in

i, ToS A SRSt AR N SRR

conprises a nucl a tron signal Ve
am no acihitslingAtoNargl ¢amplexjog iuee Dide I ha qarothlemeoftan dibect iadeaniatioal of tthe ALSat ural | y

occurri ng)gplhgéaﬁgg,.%rﬁﬁApstﬂot%%P%%gap be an ami no aci d sequence based on

t heoreti consi derati on as as it is functional as NLS. Moreover,
nodul1® B can contain peptide sequences or non-peptide conponents that do

not dire I ' i ' [N nucl ear
ocal | zatiieeReRa ot B, WEpRU #7508 UebaR £ il lentACHE S RERRL 2 O
20 bet weds nikasl will lveator DbAakitheatdirectlysomaftdr condlentbdelplinghto kbPRAding he

| nvent | °’In&§£lﬁ§r el cARBRxES AkHeRlted Y e Thér? LS 8l i ofgi:'ﬁ;clnegl;r tétﬁ%kspo”
agent according to the gresen I'nventron and a cationlc Tipld,~ peptide,

pol yani ndransfectierisbnire thio|system t#s5 anditien\afra pdiysationie rpeptide odthost N-Sa net hod

for the t I ' . - : o ef erably
pri mify dAFPERR(he Banbifih BrdiohBPelbihbisngt e HIBh kPR e, e

t r anspor tcodplingd of lspemidinedto theaNs fopeptidgedeesacewitdinng fughehingreasseint

| nventi °Qra‘%¥fe€ﬁé&‘%‘?ffeie‘ﬁ@§’.¥“‘?hd{:§? 1,88 iﬁ”{his s} Jharéﬁgﬁf{cﬁﬁ&o%%”[s GBEgerns the
use of the nuclear localizatl'on agent accordi ng t € present invention in
gene t herexplagjnedrbypthet camplexing of DNAevia raatiomie peptidesc Asdbe presenaé of NLEct i ons,
di seases the. : ' I Mysolg j.C or

pol ygeni co% %r’%ﬁ ﬁ&gﬁ@g;ﬁ% gré@%g%g%ﬂéncg'edﬁq%h%%@% %éé ?E% ex pfrp‘g{seg{leon
"uns@8ci freeodnitioni seguericet fre theuouaiesar transpert Mmechivarysis gnagked dn tNp'caseasused i n
the presgpdy invention, denotes an association that prevents the nuclear

| ocal i zat1on signal from being conpletely recogni zable to the nucl ear
transport machi nery.

The company TIB Molbiol (leaflet 1998) describes the transport of PNA
oligonucleotides with a C-terminal NLS peptide to specifically suppress the expression

25 of selected genes. The NLS serves for the transport of the PNA oligonucleotides into
the nucleus so that they can then hybridize with their target sequence.

So far, the known agents for the transport of DNA into the nucleus have the
disadvantage that the efficiency is very low. This low efficiency is insufficient to render
30 resting cells transfectable.

Thus, the problem underlying the present invention is to provide a nuclear transport
agent that facilitates the efficient transport of DNA into the nucleus so that also resting
or only very slowly dividing cells become transfectable to a useful degree.

35
This problem is solved by a nuclear transport agent consisting of two modules A and B,
where module A binds specifically to DNA and does not lead to the formation of



5 The expression "specific binding of nodule Ato DNA", as is us%ﬂ4iquhpm7
present invention, denotes, firstly, sequence-specific binding, ih which

t he sequence of DNA nucleotides is cricial for the interaction and,
secondly, a covalent binding with DNA that is nediated by DNA single or

i gnal . S HeaSE Eniaiha AR ERE T, nR-R LA b PECend Bhed

| ocal i zatmaxules B groafainscs suceas socatizbtion signbl ¢ sandn NgSaignabthat daks. nd®bafder red i s

310 20, G LnfBionBERA ARGRR LR iR BRBRCRRRRRy I iR LG

nucl ear limveatiorz adbmprisesi agymabiule Pathatibieds sequehoe specifiqalle xee DN dritd/doNvindsue t o

its charge'...as..i.s d in the pres i ntion, denotes that dule B
cont afns SBeri@etp PRECdS. FRGROGRY el &L o fibier Paio B 0Bht B
such a wayodueaA is & syldesticrpaptide) tacpratein ana epBli#\nucisipacidf(Pbla).l y and t hus

remai ns conpletely accessible for the nuclear transport machi nery. 20 The
expression "approxi mtely neutral net charge", as is used in the present

i nventi onn aduntitee sermttetimérteofethieenatdebrplaairtspot dadeat ragcordimg foothel peaémton

si gnal possesses n ively char ] i to bal ance . the positive
char ge of'ﬁ\{eﬂﬁorhi??fﬁ?eaﬁﬁgﬁgﬁf‘ alnoé%%lgfgml" %%argﬁcbaﬂg?tlogosqrﬁg aﬁgoermog?qrwan t hree
posi tiove compfExas with DNfe duetodtsrchargesh& nenlear tearrspgit agemtfis pfefdried inxithiohded

t, according to the

bresent LI {5 EoRihuts MR sitoReo, JUeleRRy of 4 2RAC slasBP Bkt OGS Ak ng o
DNA. 1t iappeoximatelyereutiaiviset ichgrge! A alucieaetranspbe @gehtois particalarip prefergethin r emai ns
conpl ex o Tih addissB Sobfairtagh ool diRah SRk s clanal hat Ryspss 2" 9 O
nucl ear Innciebr dedalipatiosi sipadlsand fiahking uelgatively rchargedr aminac bcider . Whén usi ng

cl carty nopuiepRRES okt AR e ToeER BRRrbll oG SRBb SR TG 1o

t he presafgo baaerdmion acil sdueentehbadailorh thedratigalpeorisideratidalas 18)hg aerit ishe

Comp oxedSHetohd 5 LS, VsB8er, ARG B, col od ik dBalgied of Rl Bopted R 2

does not dosmdnénts tthe doomotedirectly bélomp tpthexreslear idvaliaation tsiynal omexténded

nol ecul e. I i nd I t yenc i fi.cal L.E.

unspeci finéjg/@% l%ﬁﬁ%/ﬁ%ﬂeagrgd"pggf?'?e\elog%g%a?%@gﬁgr tﬁ%v'a ?%?ﬁ/ trt‘%%ﬁmgnds. 5
Mbdul2e A betwedndhe npepar ldealidtionsignahgnd mwaduleéd. or a protein or a PNA sequence
(Nielson et al., 1991 ) or another substance that binds to nucleic acids in
a sequence-specific manner. Moreover, nodule A can be a reconbi nant protein

that bi nddoreoveDNAhss pxsintior adongernaisa fasneetcamyfire sysiemr epmprisingr aonuglear
hi gh-af f ik ¥odBRE aEOREIRG Tto( Q! BfAQENt invention and a cationic lipid, peptide,

polyamine or cationic polymer.

25
Moreover, the invention concerns a method for the transport of DNA into the nucleus of
eukaryotic cells, preferably primary cells, wherein the cells are transfected with the
DNA to be transported and the nuclear transport agent according to the present
invention by methods known in the art.

30

A further embodiment concerns the use of the nuclear localization agent according to
the present invention in gene therapy, in particular for the treatment of cancer, viral
infections, diseases of the nervous system, graft rejection as well as monogenic or
polygenic hereditary diseases.

35



10 1992, Fieck et al., 1992), or a retroviral integrase that bi ndsﬂBée&E%nZﬂm
speci fi cal ly to DNA ends (with an LTR core sequence) (Ellison and Brown,
1994). Coval ent binding to the end of 7a DNA strand can be nedi ated

bi ol ogical ly, for exarrpl e by top0| sonerase | of the poxvirus, if the end of

I R e P R T L

B l\/bgul SlBth$pmsmo¢\@atl?ﬂ aleables ani mocatynaﬂhabpreaemtenhé\lh&cljearguedhzatgmt does
. > it NL ,

the presaiel RBREBSReR L Bogh e b P o R alsPoR 1B ol 1 2ot on

si gnal s but V\,i th regard to transfection, gene therapy or DNA VaCCI nat |hon

col |- 55 TrRECHEClan mpets s, o s 46, Sflal A REBRA R e lerrth o

surface varentnbm raempteshfichly, asequarhﬂeesﬁemnfmﬂmhdﬂga nDNAmckpMksequen@ ofr BNApt or

medi at ed tides which destabi e_nenbr angs,. e. pr onot e
br enat ur SUBRPIRSTS Grod Ron e ol e =R3; SriertSraciipent Sranginat BRA"L gl ng
t 0 transploattis siediatadubyeBNA sinblevondoublerstrard éndsar 30 transport to the nucl eus.
The nucl ear localization signal is preferably an extended nucl ear

| ocal i zation signal (as defined above) that does not form conplexes with
DNA doe tTei e)qareéworgéemendepamdéarolbbmtzamd signaly, BbAs bisedi ingtheoﬂnelsentA The
nucl ear l.ocal.i ion s na n_b te nt het | RLyLan be
part Cof dANERupE; ferosglridl s, nBar R HRAREA' Fiher BoseRses sy FKGRR "as i s
used i n tdnenmacideaPrefer@ddpantextepeat naclear ldcaiization sibralghatsestessey éntoi on,
signal s t Ki regions - are used that do not
bind to %%AS@? l?l}‘né%&go 43(?'06%1 f@ﬁ@b%éh’m{b écé(%ch a way that these charges

whi ch are an essenti al part of nost nuclear |ocalization signals, are

mask a nal fo clear iner ar t fromthe
nucl gg Sr(?%a% ﬁssfogn eé{eé’ﬁ%‘f g’ %u I}f Rﬁ_zg?gl g a%l Wﬁﬁgu?% ét F?g@ %°d’i‘R'%’feﬁ pepti de
sequencesvitirNAdDe peitd croeges papisusad & mh@tesenelnvmtlopadénows thatemodude Bar

| ocal i zatl t C nal

Pr ef er abl 3?8& r%e%n%éé?a%lqcahzeailgﬁ gtﬂg E\ghgﬁ%eérq%g ai%?ls ﬁf’%?]éjo stﬁ?tﬂg Wctp%tar

| ocal i zatit dnessnogmﬁéractesttndhhlﬁluhypenrﬁcaﬂ;camﬁ!ﬁesj rethaibs porepletelyt inseddile fwl ecul e.
Ext ended tﬁeeﬂlk'ﬁé]%‘?%ng orFJn %ﬁ q,gNLS are wel| suited provided that the

pepti de' s ne can t be bal anced by fl anking negatively charged
am n@0aci ds. These 15 ami no acids can occur naturally at these positions in

th t v R j nt
cons! der are ShEretRiin BiFoliiaty fEABMHEATHaRR: B3l B 6 pREPHTARDY. o
adj acent cteootuearhlyetanex:tendﬁctmefnfbemuebeaabcdtzaam §lgn@91>)ssesses ocegdtivelye shown

for an NlcﬁEEgVeBan'%r"(‘chnWQ't&B I'aﬁcs]tm:e ;56%?tfvetc‘ﬂg t\%( | 'cfb‘é?ﬁﬁdl IS’&Iu%!tﬁn that

t hese fl I'"ng sequences c early i1 ncrease t Cl ency nuc
t r anspor tsignRl $asthabnempreethasthree pgsidye surntusahawe.s oc¢@dn the@rmne esgionl of, 1991,

Jans gt gle extér?@ejd’ r#&e%?lo%llz%{lon fér?a(w) A large protein (1gM was

transported 1 nto nucl eus on after coupling it chemically to the Sv40
NLS t hat had been extended by adjacent sequences, but not after coupling it

to the SY4Q fiRfetr MhripBRRIgkACadcSRIMRF D the phdseht iHVSRibn has the advantage that

it does not lead to complexing of DNA. It is a further advantage that the nuclear
localization signal remains freely accessible to the nuclear transport machinery.
30 Avoiding large DNA complexes that impair nuclear transport and the accessibility of the
nuclear localization signals to the nuclear transport machinery when using the nuclear
transport agents according to the present invention, leads to a clearly more efficient

transport of DNA into the nucleus.

35 According to the present invention neither the DNA-binding part (module A) nor the
nuclear localization signal (module B) leads to the formation of large DNA complexes.



25 If the NLS i;s part of a protein that binds sequence speci fi cal Iﬂylft&*bl\m,ﬂl
the risk wwth these sequences) of being nasked by DNA is relatively | ow

But due to the higher efficiency, exté&nded NLS sequences can al so be used
in this case. Non-classic NLS, as for exanple the NLS fromthe influenza

Vi us nui! eoprotein (Wang 30 et al., 1997, Neumann et al., 1997) which do
not have u%e excess of positive charges or do not reach the nucl eus via
t he convmduwstél binrdswhpecméaltyrtarmm rahg ccﬁes abs2zabido lﬂlseatbbrméﬁbr( bﬂ‘mm)éwge) (1993
overview of NL s the e inten ere.i Lven T. Boulikas. 35 (1 ,
To06. | 1oun moregan pp DA Ty MR A b dinef Bertente cPePlAlN I-€an  be
used t hathobarspesikeany fohgriueapositivet chandes) becovainéiato DNARSHSrt nachi nery

itself, as for exanple the inportmp binding domain (1BB) of inportin a.
Via tRis domain, the NLS bi ndi ng protein inportin ais linked to the rest

ig 9{3 ; hGSm?Kdu%aA chh ﬁé%mypti?émﬂhi(;ﬂﬁg wnggaerdriaqhotetn aIaLbéNA_%aau?ﬁAéi(Nmseh ?I .

: n a further preferred epbodi nent a non signal via as
Todul & APtPb. BT goBer SR CrdBROPNGE I BHEE Achhdn it FRBCH:SRTEIEN
and vect @fiaringr. SHIQHRNE & fA ccanTbeé sa abtamisinamuplotey thét Bindd toODNALS
si gn\altl S toar'e;,‘frsns?lt6 al Ilecrgg?ﬂ%‘i or?gl Ziares i. ?1 g?toodr“g Wi bhou{“&q@ﬂ eed to
modi y ¢ FERGTCAI.FF 1 SREIR RS JBRISERE B AdTAGABROERETY eEoHieRIry t hose
DNQ ?QQ?QBQF,SFi_@ék ét_hﬂ.,;/@@lzprotr arlgtrgﬁifafﬂ)nté@ﬁsémﬁ{t Ws@eqﬂﬂ@{t&%ﬁ% tdoesf not
substant i r i nt ende urpose o e n e case o
expr essi 'A\‘/é'écﬁsg&@, af‘HrbeaW? 8%%1‘“’%6‘5@@%@%5 PWW%%)asm' d backbone are
used especially those which are present in nost conventional expression

t : .onot f iGll)i i St : . .Ho I
Rt L S R N e T e

advant ag@yabpdisinerasgi oicthe ppRAiUS| If the acd oha llisesr BNARIrEnd R8s &aeyokrzendi ng of

t he PNA-pept.ide-hyhQrid to, the DNA . EX le 2 20 denonstrates for exanple a
S I8 GRS B SUHAR LA LA RS Spreoes S PR SPRARE St 06 TgBRtRie | o
doubl e st(8munran] 1OB4). There may be a spacer between the PNA portion and the
actual signal. The spacer may serve to increase the distance of signal to
DNA, e.g. to reduce steric hindrance. The spacer may al so serve to

i ndr oducMaduy Bdet er mi ned breaking point, e.g. to allow the separation of a

ligand in,t ndosanmal 2 1.1 i.eu, .via which DNA i und tp a

endocyt odtilie i Rof Migear ety sighs of s LS Siohal eh 307 abbARe

i nverzoi ounspasulfically tod3MANg or slowy dividing cells transfectably to a
percentage that allows subsequent analysis. Mdst cells freshly isol ated
fromthe body of an aninmal or human (primary cells) do not divide at all or
so 30 r arideyerrhadn BMNB\sigaéls @ccartind &s theqeesent mentontdedotes sghalstwiéchcarke! ul ar
menbr ane f Mol Sl [V I C u and can
be expr es@ggﬁ&%% I? éérlﬁé?%cinsssgﬁ;agg?ag%@h@q%%?%gé $r a}egﬁﬁgﬁbggﬁ%‘%ﬁ?&aﬁjsl?g?:\t abl e
unl ess t hvagcinagion sarvei td trangidrijthe DNAUINte thel celborpto dlansporbDNAIwithuhe gele. The
unav i5dabl e consequence of this is that these cells then deviate fromtheir
original state. A nethod for the transfection of primary cells 35 permts

t he anal yihedolisiwingzbalongs toetoarNLB signaleligande ferrdefjulaaburtasaditruictores, which body
cel | Thige lficqh RAATHN ubIRS"d §18EeEY mbliGied G UplRb pfbriabs GARR! | ©

mechani sis~ an
destabilize membranes, e.g. to promote premature exit of DNA from endosomes;

sighals mediating in the cell binding to transport structures to favor intracellular

30 transport to the nucleus.

The nuclear localization signal is preferably an extended nuclear localization signal (as
defined above) that does not form complexes with DNA due to its charge or spatial
orientation to DNA binding module A. The nuclear localization signal can be generated

35 synthetically or can be part of a protein.



study of processes,inside a body cell. 11 0 4 SEP 20u2 The teachi
-according to the present invention that renders prinmary cells trﬂné?ﬁoot &Bﬁﬂe
is also an essential step toward a conpletely artificial gene transfer
system for gene therapy. Such a gene transfer system nust have three

Tunct i ong) a%@%ﬂ%&&atu@ﬁ‘%ugﬁaﬁ%%‘%ﬂtm Tty n&&i@arHF’a’?@ agénteoldigoah the

cel l ul ar nenbrane, for cationic |lipids and er Cationic poI ymers
have pr odr&iPiesendnyestion. |&!€t§la£/3%%eﬂ§?ﬂ ewith @ng adthpigt f@@hmaurw@nsr upferused

componenindQfo fidtbidd RNSRANStndiMifodhivg draibstineuan o wupupk tidie duameal | v

nondi vi ding) target cells and hird conponent that nmedi ates the

i nt egr at ME¥ehATe @RESERRIA] parbot Iﬁestg'éﬁlﬁaélocawaﬂ%ﬂsn@geaf@ maskedhes §ignelsr t he
firstgti ‘FFrtﬁé‘n@élé rtlaRSSorfM8tindry. 10 described that can serve as the second
component. A conpletely artificial gene transfer vehicle that can be

enpl oyed in gene therapy is expected to be produced easier and | ess

eXPensi Vo aRd i REISAIEIZSRANSGRN of iof! NS SIGREP niddeB U B and it

IS not su jeCt to the 1mmuanent ris St éns. ne t erapeutlc
appr oach®splifiey segieanes @gge@qre@ﬁptlﬂ@rccx@ammﬁnté thebare et redaefnthet Nedleatancer ,

Al DS and deajidioh le_!;%ah?rrtﬁ@'b&@ﬁ&e@h&@é‘a’?@&caﬂfﬁnoﬂ‘s‘idnap'P"f‘é‘fe?abﬁ/' ey ety rol e in

medi ci ne. The nuclear transport ents described according to the present
i nver®i oletiers sterip drosiisaing Had the e@étlpeﬁh@m sinealc wsperialiican dndreasedd cel | s

that up tRtRYiEFDIA hdluideen transfectabl e by nmaki ng those cells
accessible to the uptake of DNA that do not 20 divide in the period between

t he passage of the DNA through the cellular nenbrane and analysis. This is

i nportantEx%gg?@g q&ericls fo‘Prcl F&le@éta?@Me‘ﬁh&ﬂeH%rJ) iddd 2t ﬁga h@;?tfo‘é%sﬁ’et' n

transfection fici encgﬁh facilitate e ana ysSis a | ower costs
due to t §Bangediabealmaftobs batenced by ﬂaakregur@:;aﬁn@&yucmaéaed aﬂl@oa@@% Theases is

al so qkr U%nTuﬁH a?H% cih 386F Adiurd ‘é?%s@rdo'gﬁlBHs tHeSprdfith Sﬁh-ﬁag'rha%%eﬂe' !

i nes. omnn exanP lustrate the inventio are not
|ntended 'Qt@dPFfFﬁ pntﬂnfeba%ﬁé rh@@@bpon@@aﬁﬁﬂné In thengrigineb cpriexth ppgatiys 30 NLS

PNA nucl @@find ba8s B Ibca'tG@% céft!te WLQ%@%&%H@&%XY&%@ disedohhpt are
capabl e of invadi ng DNA double strands (N el son et al 1, N elson, US

pat ent 5.°88d bgghpwnior 3mNLR &rop B4R H’NS’H(!‘P(H@HEWW“%[PW inyestigatesrMs®i on
vectors, tﬁa\whe%%qnaﬁnﬁggeaJeat:e@aeameinbre%ye tReffi@End dHindbreal ﬁéﬁ%ﬁb& (RfmgOcCi ation
with PNA are | ocated |in resistance gene and e origin of
repl i2Bat iapH Peters, 1§8§E}3|hgoqt al 91 Chen et al., 1991, Jans’et al., 1991, Xiao et al

1997). A large protein (IgM) was transported into the nucleus only after coupling it

chemically to the SV40 NLS that had been extended by adjacent sequences, but not

after coupling it to the SV40 core NLS peptide (Yoneda et al., 1992).

25 |If the NLS is part of a protein that binds sequence specifically to DNA, the risk with
" these sequence(s) of being masked by DNA'is relatively low. But due to the higher
efficiency, extended NLS sequences can also be used in this case.

Non-classic NLS, as for example the NLS from the influenza virus nucleoprotein (Wang

30 et al, 1997, Neumann et al., 1897) which do not have a large excess of positive
charges or do not reach the nucleus via the conventional route of transport can also be
used.

An (incomplete) overview of NLS as they are intended here is given by T. Boulikas
35 (1993, 1996, 1997).



12 As peptide conponents the peptides enpl oyed contain: either 1)0 'gssgi"mﬂz
"NH2- GKPTADDQHSTPPKKKRKVED~OOH (peptide, 1; SEQ ID NO: 1), or 5 2) "SV2

NH2- GKPSSDDEATADSQHSTPPKKKRKVED- COOH (peptide 2; SEQ ID NO: 2). The

foll owi ng PNA sequence is |located at the N-term nus of each peptide. Either
A) o " iy GeblhETEhSd I% 248 8 be sl ikt FkenGfont Bofboneti® of th
N oo e k! peptide I%_EQ D NO: 4), of ©) the peptr E%NA. Aybri d
sequence NNBI2aI0CANEPOLBRRERHEEAYTISEICaD & exampleShe) imprrkn Aahinditg domais (EfDut 30

bi ndi ng s J Ler . exnr - ) i G2 At ' acid
ol yei o) O puty " p g WBRB R ST H Y BEeh il it Iniec BRERBLE 1T 1o
pl 25 NMtid S:adidah traospatOmachinexy (Goriich attad., A @%6; VWeiss etiatt 1998)was t hen adj usted
to 250 NI with RPM. 5 x 106 Chinese hanster ovary (CHO cells that were 60

to 80% confluent were detached with 5 mM EDTA, washed in 15 m PBS
(centri f tyeduritter pfeferreyl érobodirBemti andon IRI0S Sigealpad PHA (asmodeleupehdedi ton 250 NI

RPM and ni xed with the pre=ing ' ferred to a .

o 6t  op SR KEdorhepHEndsoTAd BHARG Bnles pIIA 83 Y ERRER Sefludifbe spegits,

t enper at Uhés allmwslébuplimg of\Bach nel SLBr sigraisato aimdsR B0 cdnvéhfibnalFexpBissidad
GenePul ser?:t t he,.cuygette %%yﬁg ed at 37C for another 10 m n before the
cells wer& gése‘ﬁ'gl?u ed"pg ' ‘um 25 In order to show unequivocally
t hat 1ohose cells were transfected that had not divided between the start of

t he experd nen n n i cgl f et it h 4 (an
expr essi fﬁgsg(i*%fgfsg?ah%?’r@ﬁmgﬁi)ﬁ\z%\({:gﬁhgi I?IGRPO?)‘ Ifﬁﬁ%ﬁ“ﬂ%ﬁ% Bfeté’eand cel |
di vi si on veetsr ass esed dthasmieskihg wé :wHdt by ePNA adeekendti substantillysimpairetheabel ed
with gre f S C y incubation in 1 NM carboxyfl uorescein

di acet at Zﬁgﬁ%& An#ﬁés%e&g&gwk( CFDA) SE) (Mol ecul ar Probes, Eugene, U S . A).
The brightness of the cells is reduced to 50% by cell division. Using a

fl t t FA i it . ' ' - I I

that 8 s Bl 1o o SrPrRatcthbgctorky SRieEEh S6aUsPERS At SRaBDRER S B precccca

t he tr ansised eepeaipiipdhdseéawhichr exd present s mesiceonaentenakbexpreasion weictdns éng.i - CD4 35
ti bod I O . 4 mle 2: ' i ndi f

i R SEOHRRED, U e L RS AR B AN RS

doubl e stof thedexpprédisien régidn ierossibilen Anvadviaotags e trensasiencansieeificdiingingeid vi a PNA

| t i Lat ] : ) Al - i i t.hi i . al
2chi ove B SIS 4 3bid Hildhe U e PnRrSoRERbR I8 L ioaTERRER 20 o0
at 320 i depwhbiratee far exemipleba Isinmis and frapithbirdig regetitng(51min, 65W) dfdPNA- an

expr essi %ggycﬁe;@ﬁrigé‘% %ohﬂl%tg?%Egg%idNATEry(éP%*n?a’ygae W dlcarodivb i "I?r pharent 10

PNA- pept i"de- at erther or 3 or “five nut es to three hours.
The PNA sodiserand tNECOFCITECTTNETSI@CEI0HaY S8Ive tDingeease)the disthnke of sigh@inds t o

the Prombeineles e réﬂﬁ’%fg'hﬂgt;% gtirfaf;@c%t ?H%‘r%pggé?%ay“%ls&%n% el tee gther a

pepti de o no acl amno acids 15 e e 2) or

a spacer PtdetemirER/braaking Peirtre @ RERIQWARE speaiation eler apd iy emindeyena@ns,
| nC- 25F T ATAGNRINIGHL BNA <D Y af ndiByiRed ebifiSurabE Rldefifar 3) 1 s | ocat ed.

The bindi ng assays were subsequently i1 ncubated wth restriction B
endonucl ease Earl. Restricted DNA was stained with YOYO (Ml ecul ar Probes,

Inc., Eugepene GRst WRe) thE é%n?qmﬂé?\tiaﬁ R @ér@st%sgr% NGodly 28ibikingEeed th a
fl uorescence scanner (lnmade Plate 20 Reader FLA Oo‘('f)‘z angl ysi s?'gso?tware
L- Pr ocesdrangiectablyntol acperrejtagerifeat caliows nsubsequant canalypiskiMgst @lieafiasly of DNA
by restriigidieq fremqﬂe%ghfaﬁsn Bfral bf hirh&h briresty Rbiid) e oh\iviiensti dthrSiot -
Addi tional Earl restriction sites serve as internal control of the
r eactdOon rarely that DNA, after it has been transported across the cellular membrane
successfully, is inactivated before it reaches the nucleus and can be expressed. So far
this has led to primary cells being untransfectable uniess they were artificially
stimulated to proliferate in culture. The unavoidable consequence of this is that these
cells then deviate from their original state. A method for the transfection of primary cells
35 permits the analysis of genetic material under the original conditions of a body cell.
This is of paramount importance for the investigation of genetic mechanisms and the

study of processes inside a body cell.



C m n. Peptide 1Peptide 2Peptide 3594%96%9165 4 0
*1096%097%95% 1596907%95%6085%00%4%387 12091 991 % 6%48094994990% 95 'ISaEt?I (ZPU;
Portion of peptide-Iabell ed DNA shown'hs per cent age of input DNA The

bi nding reaction of PNAto DNA is sinple, robust and rapid. The binding is
‘al most 30 irreversible and therefore suitable for cellular transport
processes. Conpared to 14 10 ~ SEA Z~~2 proteins, peptides and PNA can be
synt hesi sk teasingeaqoemniiigueltlye predertdmvelntiorsthat mtidemgirierary nellsftaansfeclableger

time. Examle 3. Transfectjon i PNA- 5. 1n_divid ell. lines active
nucl ear t'¥ gl?gp‘?ﬂ ?SSSP{@ > erPs*‘og’@féejg %‘%@5%@5@"" ot géigrgggtjgfg\gsi%rp g%rSQéc])%
conpar ed theraPphN/Swihi & lgens transfet sgstemomustdhavier thveedeohctidral componerdsisdrect ed DNA
survivyes in the t opl asm f or [ 0 expr i on. rates of
© 1 anstoctetrRRgrt T P8 Rarsh v TBur 8 IRKP Hieghenhe S wHicH. PRih
t r anspor tliplde and mthet Gatidniwpalyragrs haxe pedved to be fedativglylsuttaible. It Fdsetorceataom f or
ench & nd fbRCbameientis? a3 FERses o e DAL ik Rl A B e Rl BPE: o
activi ty diwiding)target selisf and a dircaborhpanenbthat elddintesathebietegtation gif yher Bdced.
Active nuclear transport,abolishe y ffect. of .reduced transfection
611 o1 endgto e SRR 3, B BRRTRva] B e o iDECH SliekhC Bl oo ved
i n waber ,desenbed thatilraheskrven aa fhienadcondl comepamientl 0A Miomaldtbly oartifigial hgerte 25 NM
PNA- NLS ((Peptide, 3: NH2- ( AEEA) . gCKP, qugal%ﬂ TPPKKKRKVE (:(I]—Q for 10
m n at 6§E’.ngéfﬁé'e'f1§¥et ng C%'? Ege%m@quﬁgﬁ S ed@?(%%gaeﬁpﬁc Sﬁﬂ%eeprfg %DFor
| i pof ect iemsieB ahg leds expehsive BhA haddisd elasied than thatviral systamss icarceriigtusdd) N a
final volune.af 10 NL.w th or it . N - NL eptid far 10 mn
bt "esc, A e T onieiath 16 B Pt R B eaete. st Eo Beb Gngteptl o, e
was done appouacHesbaveobddnesuggestéd douexampde,iforsthe irebtnoerd .of 2ancko AlIDBI dridt
di vi sji_on of. I ubst i cel l.s re..ncubated w thout serum for
24 hodrs V?’{)'P%ﬁ)%gg'gﬁ Qgi%ﬁ?%g’-vﬁ'ké%ﬁéts?%’ﬁmﬁ TR 20 Ngl
aphidicolin (SigmaAldrich Chem e GibH, Deisenhofen). All subsequent steps
of |ipofegtl r ' e 2 .20 I dicolin.  Jhe
results g‘ﬁwt ggcr:lls e?f’i ﬁ%%ﬁa?geitgo%%'ﬁ%&g%gﬁogémé.t°3 %&gﬂeﬁv%ﬁﬁcg] Iaﬁls-gneut ral
NLS, whi dhcrease theurneféctian effisienpycinceichicabured celfs thesup ¢ nowdaws pireadyi on
vectors f i ' ; r f I'ls
car |y af (SEn ARREOR by HBlhG Hosh Gel SoRLERTE IR Blai G BRARACH B8 2. o1
of tr2ansfdiddé anthefderiod detweencths eassaget ¢fehe EUNAC throughothe ellbladinembrane r at e
ust ng aph,in%' gr%l)'/éi]s.c’ﬁﬂs tf? important because even for many established cell lines an

increase in transfection efficiency would facilitate the analysis and help lower costs due

to the reduced amount of cell material required. Of course, this is also true for all

stages in between primary cells and established cell lines.

25
The following examples illustrate the invention and are not intended to limit the scope
thereof.
Example 1: PNA-peptide-hybrids

30

NLS PNA nuclear transport agents were used. PNA sequences were used that are
capable of invading DNA double strands (Nielson et al., 1991, Nielson, US patent
5,539,082).

35 In the plasmid backbone of almost all expression vectors, two sequences that are well
suited for a high-affinity association with PNA are located in the ampicillin resistance
gene and the origin of replication.



abolished in this way. 35 15 Exanpl e 4: Seauence-specific-bindind Stf 2007
"NLS- fusi onprotein ~ 4 SE. ~ 2002 A high-affinity binding nutant of the E.
coli lac repressor was used as sequen@e-specific DNA-binding protein. This
mut ant has a binding constant of 10''5 Mfor the |lac operator 5 sequence
(Kol khof, 1992). The high affinity is achieved by an amino acid repl acenent
of serine 61 to leucine. The nuclear transport proteins used here have a
del et i onAsheptive doagtonthts tlie/peptitles empllyedoontainasithés ( positi on 331 - 360) and

pr ot 01 ns 1 or MO HRRHSTPPIGRRATE RO, oy & SRR ER ai n one

si ngl e DNA- bi NOigorsite instead of two sites. But also tetraners may be

wer e Ext Ehdea 2T ABRREKES RpREL TRRSA Rt RbiEk RRVERIROH FRhide’s SRS eact

MPKKKRKV- MKPVIDLNO\2)\. . . "N2D' NLS2: MEEDTPPKKKRKVEDL- KPVTLYDVA. .. (The
NLS- sequences are shown in bold and correspond to SEQ ID NO 8 and SEQ ID
20 NO 9, respectively. Sequences MKPVTLYDVA ... and KPVTLYDVA ... indicate

t he E. cofThe faliowihgiRN#s serjueapeisilddatel athie N-tprmihisl ofcraich peptived Either t he NLS of
t he Sv40,virus |, | [ S2. S . hybrid with neutral net
char ge c@‘xsi stqr'ngkg%qyﬁm pﬁéﬁeﬁﬁgmﬁﬁéﬁsrf’él fl anki ng 25 regi on of
the NS Bj om RepYNHRCTCTTECYPITPCqeptide (SEXT DN 4t ar - Sequences can be found
in a nunher of expressi vectors and can easily | O Q¢ _any. .sequence
as exte gg'?o nsIth P e;é@&e?@?'%ﬁeﬁégg%l gﬂ&aem-%{gﬁg%e gﬂTFgcger‘%'S? essor
gyt Spt s cont a(SEQlﬁD hKE?)Rhal rfasl dbout 3@ binding sjies ;[mtarr amﬁm&;ﬁ%f@r
i ndi ng assays Jatura . i ng operator:
and a perfectwgﬁpgﬁ?ﬁm'gﬁcﬁ@géb@t or - sequence: AATTGIGAGC GCTCACAATT.

15 5 ug of vector DNA solubilized in water were incubated in 10 pl 25 uM NLS-PNA for 10

min at 60°C. The reaction mixture was then adjusted to 250 ul with RPMI.

5 x 10° Chinese hamster ovary (CHO) celis that were 60 to 80% confluent were
detached with 5 mM EDTA, washed in 15 mi PBS (centrifuged at 50 x g for 10 min).
20 The peliet was resuspended in 250 pyl RPMI and mixed with the pre-incubated DNA,
transferred to an electroporation cuvette (gap width of 0.4 cm) and incubated at room
temperature for 10 min. After electroporation (210 V, 975 uF, BioRad GenePulser) the
cuvette was incubated at 37°C for another 10 min before the cells were seeded in pre-
warmed medium.
25
In order to show unequivocally that those cells were transfected that had not divided
between the start of the experiment and analysis, cells were transfected with pMACS
4.1 (an expression vector for human CD4) according to the method described and cell
division was assessed as follows: Before transfection, cells were labeled with green
30 fluorescence by incubation in 1 UM carboxyfluorescein diacetate succinimide ester
(CFDA, SE) (Molecular Probes, Eugene, U.S.A.). The brightness of the cells is reduced
to 50% by cell division. Using a flow cytometer (FACSCalibur), it was determined on
the single-cell level that also cells that had not divided (100% green fluorescence)
expressed the transfected gene (dark red fluorescence after staining with anti-CD4
35 antibody coupled to Cy5).



16 0 4 SEP 2002 0,7 ng of a radioactively |abelled DNA-fragment of é S@
"l ength was cl eaved by restriction endonucl eol ytic digestion into ntwoz
of 914 by and 86 by |l ength and then i Mtubated for 30 nin at room
tenperature with lac-repressor NLS-1-dimer or NLS2-diner, respectively. The
fragnment . 5 (F| gure 2). The 86
bp-frag F ' um- i - ded, due to specific
bi ndi ng. Non- speC|f|c b| ndi ng results in retardatlon of the 914 bp- f ragnent

any nonsil PGB RBRG Ve ceeé's?vegsﬁi%gtﬁa&%?ﬁﬁéxSE??'nL'nf s domngtrat ed.

t hat stabl e bi nd| ng i s achi eved using various conditions e.g. i n cel l

i o1 Por pRoung) et e BER SEn 8 BRI 8 i Sy BRI o i Oh

bot h t estweith ampdr&peptideeqtmm gunutds TBeghiele biddindiud heatrlamle@nsrponentsinaDNA by

wer e | norbRedi A Sl R BTG £ BTkl maBto DR TR cngin,

| abel ed at both ends with the fluorescent dye CyS, for 30 mn at room

ka3 miPReRtr e eanliRol Ry Miere Bibhedin TRPBEIAL gl G ey 10 ™

cent rbdf ugRMNA-peptiderhybrids at difher 68 @ner 37°Cefor {ivemmiratgs. to Threelholifse ThefPNAe sanpl e

was then chanaged,t,0 T f HPO4, 17 P04, 14
Y NaHzP(?%q?eﬂge%53‘??8;?2%%?9%38#4 Wi ﬁ?ﬁ%rz hitsy bR the

| ac- r epr eseootenoittheespicidlindesisizocegem. n- | abel ed BSA (BSA- FI TO was

m croi nj ected (Eppendorf Transjektor 5246 with Fenmtotips, dianeter 0,5 Nm

pressure of injection 55 hPa, tinme of injection 0,5 sec) into 50
Nl H3T3- ce!’ltlthe Crtesrpieus ieithaérya p@ptidet of 2Hamino adidse (Peptife d ioor27cahihe acise

'y edpt o tridsPh &P EBeL B A RBEANE Y eSO SraP R
cytopl as anc(sysmrnszm,c &ramiBgham,Bi$Al)i foldpvienl byaﬂrmpmesasmls{m;ﬁrdmm csnbutedasul ts in

i eus. e el R iehd S\eeneRREEReq Why S BHRRR, dndBnydiedee o, 1 © 1

(NLS2- Di lﬁastrlc&dbDNAr\wpaahede%m YO¥v(Mgeautsarfrobes INAEUgeneh OR; YIS asm

Control s g r ins in
the. Gyt ot EAA OrEPabatBhe EIRLERabMb Wik 2 thoigh SR SRR FriiBe AR 1T

| ac- rRepr eBmden NLAS20P amalysis gofiwanef L—Brdqeasea/lerw1 6f Fajj Rhdtb Flllem@o htd.,

COMt Al Nt i) Bl aleor RACE? HARRARACLRnaatad RO YEGIIER LoReSBRAeNCE

f ol | owed pertect pal i ndromc operator-sequence, was incubated in
50 NI |s<{r:vunsﬁ\rngcsﬁei AdditiqrriEar] feﬂtriqtib@gltmartmas mterrlezi@ontml KAIDE réaaion.
transfection using polyethylenimne) for 30 min at roomtenperature with

di fferent concentrations of |ac-repressor-protein (approx. 2.5 Ng, 0.3 Ng
and 0.15 Ng diner, and 5 Ng, 0.6 Ng or 0.3 Ng tetraner, respectively). The

sanpl es were cofpl exed W pihiiderpf e kigg 2( Li egg@gol ogi es) or
Pol yet hylenimine (PEL ding to the
manuf acturer' sbinstructi pgwoand add@d% o conf fae¥wt N H3T3-cells. The

results e shcm/n in Fig ,léee%4. 97% 95%
15 96% 97% 95%
60 85% 90% 74%
37 120 91% 91% 76%
180 94% 94% 90%
25

Table1: Portion of peptide-labelled DNA shown as percentage of input DNA

The binding reaction of PNA to DNA is simple, robust and rapid. The binding is aimost
30 irreversible and therefore suitable for celiular transport processes. Compared to



Transfection efficiency, determ ned 4 hours past transfection, can be
“increased by the lac-repressor-NLS by a factor of 3-4. In the eﬁrﬁpﬁ&? 002
descri bed here, adherent NIH3T3 15 cel4s were cultivated to confl uence
before transfection, leading to an extensive inhibition of cell division.
"Four hours_ past transfectiqQn on a few cells have.divided. The period in
wht ch ¢ nrouiRerrPlifes ok PR b, sFubE¥edflesf Bt edtEands t¥fluant for
t r ansf eckashr, anidforalbingertingd.| y reduced by the fact that transfected DNA,

whi ch is taken up by endocytosis, has to | eave the endosones and
subsequently the conplex with the 20 cationic transfection reagent, before
it can bgExamplepTrdnefbction lidey ANAINILE t 0 be expressed.

Li pof ect am ne- DNA- conpl exes probably persist noticeably |onger than

DNA- conpl exes with polyethylenimne, leading to a |l ess clear effect of

| ac-r epr gsdigdinyLézliumies Gctived nlictedraransport Af transfetteti DNA bhvoked its sbenee di vi ded

24 h | at t ' f ot fect it d
o hout SouianeomeadT N0t BAELTE noEb Sl RUORH 15845 el dcn
ﬁ/&oa 1|8 Bﬂﬁese?pes iB?thﬁediywmasn’_Wforl Butihenigng [é\r/\o:igljlﬁi fiei fim&h sidr?. ra(téf&:«'ﬂ_) .
ecul a n | O er.pes,. Si. € VI.I US. A r er C racterl zatl on
o ot entrafSrdr T I (SR R ol with i winont nubeaEansPOd B9 ToNA and
iBn ?)ﬁd)l:er sidLidg) @approkinidie litde byl litttee The demdanvier thiC Isethe Jact Whdt Atansfiébted INNA
Oul | Kas

. (1993) Nuclear, | ocalizatiopn signals (NLS). Cri.t. v.. Euk.
Gone Bxpihal 7eMzis olgorBRayh Gn fesholhenniidis” dhiFel civiin, BFA0 i nases
and cycl aplsidicdiin fEl divisBnosdiieity ab:thé trabefelctidraabilifl. of( &QI@BanW@Isﬁ@hglkA rr}:)f)rt of
DNA repair, proteipns. Anticancer Res. .17: 843 1 n, Y.-R . _Lees- er,
Sp. | TeBod: Rebs ghlenl BrStat Salies, 485 St . imalicotrat T DA e
prot ei n kiffioieagy.phosphoryl ates siman virus 40 T antigen at am no- and
carboxy- termnal sites. J. Virol. 65: 5131 20 Ctovsky, V., Wrnick, D.,

and nmbryski, P. (1994) Nucl ear inport of AgrobacteriumVirD2 and VirE2
pr ot ei ns Fbnelsetroperatiod 5teafdinearizBd @ectoPBNA, didselvkd ibwaterUpéreddcubatin Col | as,

P., Husebye,  H. d P.. (19 | | '
of " the SaABer PR GRLHER or WirkHE e ARENES SRaets R NN S v ar 1 sh
Nicl oar Locall zati.0n ol anal. of SYAQ T anti gen di rects Tmport of plasmd DA
Nucl ear i zation sigr . i I S | S
iﬁfo seapﬂo(régﬂlfrﬁ%laé %ﬁgﬂ%&lf&exﬁégﬂtro_ Ngl . Repr. Dev.rrp45: 431p30 Col | as,
P. apdl Alestrom P. (1997 a) Rapid targeting of plasm d DNA to zebrafish

nmb ' . | zatj. ' , i Mol .
var 51 of ot Bl 3T b TeSREPNAC it AW Bls Pbustetln 5 Bl Vot o
| ocal i zabf b pswiimat withaut RS i RINA-BIL8(Peptide33) foudl edin at B5(10s Joarisfartiopl asmi d
DNA I n ZWI}F\Qifpbi%@tanﬁ’ﬁeo?ﬂfem\'ec%%llogieg'(9rlan,7 ﬁ'aﬁg’rﬁhe) was done according to the

manufacturer's instructions.

25  To inhibit division of CHO cells substantially, cells were incubated without serum for 24
hours followed by a 12-hour-incubation with serum and 20 pg/ml aphidicolin (Sigma-
Aldrich Chemie GmbH, Deisenhofen). All subsequent steps of lipofection were done in
the presence of 20 ug/ml aphidicolin. The results of transfection are shown in Figure 1.

30 Two electrically neutral NLS, which are coupled to a sequence present in most of the
expression vectors are capable of duplicating the percentage of transfected cells early
after transfection although only a few cells have divided. Reduction of transfection
efficiency caused by the reduction of cell division rate using aphidicolin can be
abolished in this way.

35



0 4 Se 2uu2 19 Dowty, ME., WIllians, P., Zhang, G, Hagstrom J E.

Wl ff,-J.A (1995) Plasmd entryinto ostmtotlc nuclel of pri )l' 'tm02
nyot ubes. Proc. Natl. Acad. Sci. USA?J 4572 5 Ellison, V. and Brown, P.Q
(1994) A stable conplex between integrase and viral DNA ends nediates hunan

i mrunodefgxg}_,fg[éc,y ggg(,g,scé ;@%5_@,{% NEB-YdsiJn%rot?ﬁOC Natl. Acad. Sci. USA 91:
7316 Em oshi kKawa 0, H (1997) Gene transfer

medi at ed’ by 10 poI yargl nine requires a formation of big carrier-conplex of

DNA aggr @Qﬁbﬁ-afﬂﬁltﬁ’ﬁlh@?ﬁb nRitRRY the 88 la@??‘ﬂz'dkor was uégdlasdfgé'qdéhé'&gpecﬁro

Wbor ski i cations  of E.coli Lac

repr essorDNAJP'néb@E rpé'%t@inoﬁh'ﬁ mmgﬁ§@th'@d'@9&P¢r§ta"@Pf WM éﬁ" tlﬂﬁjlﬂcéﬁﬁr@rgnal

sequegce i t i ds Res.
o T e ecks RO Pl ko es s o Mlonds,

Trends i Pf &ineticte |G_l€93*n9210 20 Friedmann) T. (1996) Human gene therapy - an
| mmature genie, but certai nIy out of the bottle. Nature Med. 2: 144 Fritz,
J.D., Hervveijer, H) Zhan G and Wl ff, J. A (1996) Gene transfer into
mamal | af heduciear §RRPOR; Rroteins. ksaddare bave dsietionmidhe faskihirty Sriempinalr apy 7
1395 25 Galih@Yeidd (posﬁBrH 881 - ¥50) %%pla@eme%ﬁéd&%@ratp dtlorﬁ%b tb's8fRe. D

(1996) Role of the ryopheri n pat hway human | mmunodefi ci ency virus type
1 nudPearThepp drytant) protmma)rforwoommwrson@%@f hopmotetramgrs |andt therefpre

Webster, Bnairpbik Elﬁb@rlb”ﬁublrﬁmg( é%gﬁkte% QPWV@%H&H SEfm'?aHo' ﬂ%ﬂaﬂ&rs@qgﬁ%\é' rus 2

during entry I nto cel - 477 l'ich, D. Laskey,
R A. and usgd @ﬁawﬂearEraneaqgegemoﬁtbeamMenborac| d noti f | n inportin-a confers
binding to inportin-b and hence transit into the nucleus. EMBO J. 35 15:

1810 Gorl | ch D. (1998) Transport into and out of the cell nucleus. EVMBO J.
17: 2721 Thegimer-variantseaohwere extended at the N-terminus for one NLS:

15
.N1D*“ NLS1: MPKKKRKV-MKPVTLYDVA...
.N2D* NLS2: MEEDTPPKKKRKVEDL-KPVTLYDVA...

(The NLS-sequences are shown in bold and correspond to SEQ ID NO: 8 and SEQ ID
20 NO: 9, respectively. Sequences MKPVTLYDVA ... and KPVTLYDVA ... indicate the
E.coli lac repressor specified above.)

NLS1 corresponds to the NLS of the SV40 virus large T antigen. NLS2 represents a
hybrid with neutral net charge consisting of the SV40-NLS and the N-terminal flanking

25 region of the NLS from Polyoma virus VP2-protein.

Lac-operator-sequences can be found in a number of expression vectors and can

easily be joined to any sequence as extensions of PCR primers.

30 Example 5: DNA-binding of lac-repressor mutants containing NLS

The following lac-operator-sequences were used for binding assays:

The naturally occurring operator: AATTGTGAGC GGATAACAATT and a perfectly
35  palindromic operator-sequence: AATTGTGAGC GCTCACAATT.
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t ranspor %%%M%Me cont ai ni ng sequences
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was separated by centrifugation through a Microcon-filter (Amicon). The buffer of the

sample was then changed to cell injection buffer (76 mM K;HPO,, 17 mM KH,PO,, 14

mM NaH,PO, (pH 7,2)).

25 A mixture, consisting of DNA, bound to lac-repressor-mutants, and fluorescein-labeled
BSA (BSA-FITC) was microinjected (Eppendorf Transjektor 5246 with Femtotips,
diameter 0,5 ym, pressure of injection 55 hPa, time of injection 0,5 sec) into 50
NIH3T3-cells, respectively. Ten to 15 min after injection cells were analysed by
fluorescence microscopy (Figure 3). Following successful injection into the cytoplasm,

30 BSA-FITC resides exclusively in the cytoplasm (1a, 2a, and 3a). Binding to lac-
repressor-NLS-mutants results in nearly all cells, which could be analysed, in transport
of the DNA into the nucleus within less than 15 min (NLS1-Dimer, 2b) and less than 10
min (NLS2-Dimer, 3 b), respectively, leaving nearly no DNA in the cytoplasm. Controls
demonstrate that labeled DNA without binding proteins remains in the cytoplasm (1b).

35
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20 cationic transfection reagent, before it can be transported to the nucleus to be
expressed. Lipofectamine-DNA-complexes probably persist noticeably longer than
DNA-complexes with polyethylenimine, leading to a less clear effect of lac-represssor-
NLS using Lipofectamine. After most of the cells have divided once 24 hours later, the
expression rates of transfected DNA with and without a nuclear transport reagent

25  approximate gradually.
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<400> 7
Gly Lys Pro Ser Ser Asp Asp Glu Ala Thr Ala Asp Ser Gln His Ser
1 5 10 15

Thr Pro Pro Lys Lys Lys Arg Lys Val Glu Asp
20 25

<210> 8

<211> 8

<212> PRT

<213> artifical sequence

<220>
<223> sequence corresponds to the NLS of the SV40 virus large T
antigen

<400> 8
Met Pro Lys Lys Lys Arg Lys Val
1 5
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filed in response to the Written Opinion on March 02, 2001

CLAIMS

1. A nuclear transport agent for transferring nucleic acids from the cytoplasm into
the nucleus of a eukaryotic cell consisting of two modules A and B, wherein module A
binds specifically to DNA and does not lead to the formation of complexes containing
more than one DNA molecule, and wherein module B contains an extended nuclear
localization signal that due to its charge does not mediate unspecific binding of the
nuclear transport agent to the DNA.

2. Nuclear transport agent according to claim 1, wherein module A binds
sequence specifically to DNA.

3. Nuclear transport agent according to claim 1, wherein module A binds
specifically to DNA ends.

4, Nuclear transport agent according to any one of claims 1 to 3, wherein module
A is a peptide, a protein, or a PNA (peptide nucleic acid).

5. Nuclear transport agent according to claim 1, wherein module B contains an
extended nuclear localization signal that possesses an approximately neutral net
charge. B

6. Nuclear transport agent according to claim 5, wherein module B contains an
extended nuclear localization signal, that comprises a nuclear localization signal and
flanking negatively charged amino acids.

7. Nuclear transport agent according to any one of claims 5 to 6, wherein module
B contains in addition to the nuclear localization signal or extended nuclear localization
signal additional peptide sequences or non-peptide components that do not directly

belong to the nuclear localization signal.

8. Nuclear transport agent according to claim 1, wherein module A is a protein

which binds to DNA in a sequence specific manner and module B in addition to an
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10. A method for transporting DNA into the nucleus of eukaryotic cells, wherein the
cells are transfected with the DNA to be transported and the nuclear transport agent
according to any one of claims 1 to 8.

10 11. A method according to claim 10, wherein the eukaryotic cells are primary cells.

12. A pharmaceutical composition comprising a nuclear transport agent according

to any one of claims 1 to 8.

15  13. Use of the nuclear transport agent according to any one of claims 1 to 8 for the
preparation of a pharmaceutical composition for gene therapy.

14, Use of the nuclear transport agent according to any one of claims 1 to 8 for the
preparation of a pharmaceutical composition for gene therapy in the treatment of

20 cancer, diseases of the nervous system, graft rejection as well as monogenic or
polygenic hereditary diseases.



