1 Use of cellular transport systens for the transfer of nucleic

acids through the 5 nucl ear envel ope

The present invention relates to a nuclear transport agent, to a gene
transfer system conprising said nuclear transport agent, to a nethod
for transporting DNA into the 10 nucl eus of eukaryotic cells using said
nucl ear transport agent and to the use of said nucl ear transport agent
in gene therapy for treating cancer, viral infections, diseases of t he
nervous system graft rejection and nonogeni c or polygenic hereditary
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nucl ear transport systemfor nucleic acids is very inportant because
It facilitates the efficient transfer of DNA into those cells that divide
rarely or not at all (Dowy et al., 1995 Wlke et al., 1996). Most
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cells are of hlghest scientific interest for two reasons. Fxrstly, saxd 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
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



2 recogni zed by the transport machinery. Typically, a sufficient

signal consists of four to eight amno acids, is rich in the positive
am no acids arginine and |ysine and contains prolines. It is strongly
conserved in evolution so that mammal i an NLS are al so functional in
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Two bacterial proteins containing NLS are responsible for the import of Agrobacterium
tumefaciens T-DNA into plant nuclei (Citovsky et al., 1994).

25
Due to the ability of some viruses to infect resting cells, mutant variants of, for example,
HIV, adenovirus and herpes virus are used as DNA transfer vehicles for the
development of gene therapy approaches. Firstly, this involves the risk of
immunological reactions to virus components (Friedmann, 1994, 1996) and, secondly,
30 helper cell lines are used in such systems for which the 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.



3 A) Proteins Kaneda et al. (1989) and Dzau and Kaneda
(1997, US patent 5,631,237) describe a 3 gene transfer systemthat is
based on the use of Sendai virus, |iposones and added 5 protei ns that
are neant to support nuclear transport of DNA For this purpose, the
group usedAHVG Rrateingh nobility group 1 protein), a basic non histone
protein of chromatin which binds to DNA. HMG 1 binds to DNA t hrough-a

| ong basic region. It is | ocalized in the nucl eus, but does not have a
known NLS. Kaneda etra), (19663 angDaseiandfkaneda (1997, &ipateries, 63 2R7) desanbe BNA.
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and are suitable for the passage of the cellular membrane but not for nuclear transport.

B) Due to their simpler and less expensive production, synthetic peptides
25 containing NLS sequences were used as well.

The group of P. Alestrdm (Collas et al., 1996, Collas and Alestrém, 1996, 1997a, b)
uses the NLS peptide from SV40 to complex DNA and have it transported into the
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 resuits 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 >1,000 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 cells. (At 100 peptides/vector and 1,000



4 i njected vectors a sixfold increase was obtained as conpared to 0
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conpletely to the DNA and thus parts remain accessi ble for the
transport nmachinery; this m ght be the cause why an effect can be _
per cei ved iaiectad vectors aSbdield inoseasetwasl ohtaingd sy comparettaAeptide. fRabitotey i s

obabl I 0 e | uences
(Boul i kas. Mg gspet. PBsSRg H@Eed 1.5 R oSBRAP Tt oNA e PG Wi TR rany
hundr eds o#ccsseible NpiStheetparisged ma;:hmery thiD#ightothee thel @sise wirtyhart Bffediilcanltei ng
mmesi ve o Friesd BNt Sorgiha ol fotty P BAABOR machinery 2 Rebfy ablec ussea
10 in& hetoetﬁmgﬂl?@ signais mmpd)&ed@itwmmmgde(saqyertqear(ﬁcpldlkaed993;o t he nucl eus
when so many NLS pepti des are bound that, for steric reasons, not all

of them are masked by the interaction with the negative charges of
the DNA. Sebastyén@ipakl (1068 pavalently SoGa€d Bny hiiaslicdis oé <S\&0piRIpS ipaetiddsato

NS s DR Boeed g RES ol scaliledbvefine dilicdofail oh M AR s dac: do-

posi tive chee tpats, maWemagiﬁmtimoIhﬁﬂD%m BX Emgear behtrarimnbeil hAs iDNBcldmald are
cr,oss the ce

rerbr i, Tt aftbie) B8 ETR Sy By aBshdBoIRBIhe REORF Wt siRere NS e i n

t he bi nd| neeptides ar@fbdDNA thet, tﬂoatstermer@sbnﬁal nati gihaf them arfeemaskéddy the

transport |lee%c‘ﬁ|:)gglltbqhéﬂ?%ﬁlvkmhﬂggs%Pthe mke{j by the DNA as long as the

peptide is coup the conpl exes generated nmay
becone very large (Em et al., 1997, N idone et al ., 1997, Wadhwa et

|y ) | rto.t hr ough
?lhe’ naglggar po?g #E%f#\?})sr 30 é?.gc?')o%gg{es%ne 90 si Tao{a?r@%‘?aﬁ%
ef f ect15beyi’Q9@n a flexithe himgenregiamend can bIILSpaI’IsyDNAI bindingpiepalscldis this @ase
el ol ar  rihishEa%5the IS gl MBRLS Rarapd \ig IRSEA forfls S HIRG"®
1997) has DA tbetearesmeam to serve at Ger bamel tiete B .thd IBEnﬁForELQ&oéé. 67 83llarggest
NLS pol yl yrﬁ%lﬂﬁra(ﬁ@nit%%%dtaﬂ W SNLS squjl ngs%]pué Lot Bﬁﬁlglpgffamtﬂé%glylpﬁgf Eles

case, that the ener consi s
cat i oni c NESDHAOIS@WHI rﬂas I@GELI&I: ngnall derr ther auseroT trarspgn giroteins| isnagais likelyi s

coupl P I cgupl es
pept i es to %XDNIA th%nDll\lﬁt SS%Q a% FEE 238&%6 %nt%oaa??z%eﬁi ﬂ %%8'{ '\pﬁ’s
vect or anwwmxeaege@e@mmmf/ bﬁpeoe)mryt IIaEgee(IEnm(HteIhprQTf I\BiBomblqm@I.eﬁQEBIé{lmo
I ncreases z fi I JAE i t g htive arge.  the
pepti de us\f(\a/amﬁvga %ﬁﬁe I’%g@ T%tf bﬁxal ?g&%)e% %l %thlth‘fﬂ“@_
pepti des |tBadyclear porey (laanfﬁndcm%sé%a h@u‘ééebt eh, ‘EQ‘SI?I dggﬂjcp&n leffecnipgyondng t he
ef fi ci encynoknBids FRBoROF BSFcdtlfic peptides as a transfection reagent, which supports
25  the passage of DNA through the cellular membrane (Sorgi et al., 1997, cf. Hawley-

Nelson et al., 1997) has not been shown.

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
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probl em i swelbl ved by a nuclear transport agent consisting of two nodul es A
and B, where nodul e A binds specifically to DNA and does not lead to
the formati on of

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



6 conpl exes containing nore than one DNA nol ecul e by unspecific

bi ndi ng, and where nodul e B contagns a nucl ear |ocalization stgnal or
a non NLS signal that does not bind to DNA unspecifically. A
preferred nucl ear transport agent according to the present i nvention
conpri ses eonmpiebtdsecoﬁtarﬂnag nim'reGhmmawBNrAanspemEfﬂyQﬁisbyciﬁwbiﬁﬂlﬁga@rﬁH @ahefdl nds

5 specific II )é dHS. arlt i fu ar | refery g S a¥ I ear nsport
agent vvher'gO e C%ﬂﬂ? 8 n'&c ear Qg %’?'98 % Gt TANLS signal that Qﬁs r@pt&;g@t i de
nucl ei ¢ actodDRNMspecifically. A prefeareti umiciear tesnispat Ia‘geﬂit adcotdi®y fdleHeepresent

t t t d to th t d | t aj
b ox onacfveilien S8R SRS MR CHGRER semence saseany b fRGh s hiBres
With DNA depeciioaliyt & DINW gﬂ@s marmwére@prererrms rsoﬁtnue@eﬂitrahspcﬂf %E;@rﬁtr ®Heden

whi ch ext nded nuc qcal.i i on signal that
possesses ‘4R ‘ﬂeA'sg ﬁé’[ﬂ 150" AEP ‘E%P%G'Cﬂc'ﬂﬁ'?ﬁébr transport
agent is particul arI y preferred I n whi ch nodul e B contai ns an extended

I | ti
Conar andhr P aREMHS SmBestRoL o) Yom GRTRR Sfahafor, cogal 4hedis 18 Techashbe does
not have tiovdrdiohdmotiule & cantaiss meneadréoymmuIdcar@trblhﬁgﬁelcthmsbm foB@n

al so be. an_am,no _ac enc sed o) eoretrca consi deration as | ong
as it Is mpl?’f?ﬁcvi" hd[ﬂ'gﬁ%gfg t?\l 1/8?%6&{] Bﬁ'ce%m%orga%%m 'chfﬁEeé"eﬁ BN e
sequences moduienBpegttaide an exte:rmmomerﬂESr tldStmrzaiiane“gndl HeRt pyssestédGint 0 the
nucl ear | ocalizat]j r ext.end

clear. localizatign sjgnal.
Preferred FRXITE orﬁeé‘}ji[%? ai"srﬁ:r’(\e ciesarttreérsaerg ésh 'CL"Ié)( R@gﬂrﬁ%%
nucl ear | osfsith neddute Bscqrtalhs meﬂenh!chnécIear localizali €@Ver that Renipi¥eNti on

concerns a gene \transfer em,conpri sin ranspor gent
accordi ng '? etatrreoﬁ? 'égtéorﬂ sl%\?Lﬁ{'fio gﬁtfve ni hargpg ﬂ“'”ﬁeﬁ?'aﬂ R N8

pol yamsne sequendd MBscan)dmbyem*r be Rfentical to Nha&m@rqccmdﬁrﬁg meexéqueﬁcé:@m(&hns a
net hod for thﬁtrans art o the oticg cells,

e or a2 PR ARBR o€ spdidicn gt 26, Peoishts Pasideratiot 4o pig, a5 s

DNA to be functivhploas NUS adreibher, mecieas cam aotpiardepids BéqLRREES BF Rgh-béptidee
pr esent |nvent b A further

enbodi nentcom?@g’tﬁst ?thgo éggg'{ﬁ&y ﬁ’@i%ﬂg\gnéé‘? ”Fgﬁﬁr%i%ﬁz?w Qg@ﬂt”aﬁ?it,%png to

the pr esemucleaveod:alrzatrcnnsgeale Rrbﬂrraﬁyrs art:omfohemutrmt increaddie the eatdrRat of
cancer,, vrr nervous system graft

rej ect | on egwel\%] hea{’éjc%g 86%%?30%?'9'13 ang %Vs_fefgr c hereditary diseases. 35
7

Moreover, the invention concerns a gene transfer system comprising a nuclear

transport agent according to the present 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



The expression "unspecific binding of the nuclear localization signal to

DNA", as used in the present invepntion, denotes an associ ation that
prevents the nucl ear |ocalization signal from being conpletely
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or doubl e strand ends. 10 The expression "extended nucl ear |ocalization
signal”, as is used in the present i nvention, denotes that a nuclear

| ocal i Zat i Dme ekgreaéionpd‘s;sm‘xszebindidgi ¢fi mndlle fA A0KDNY', as is usttil MOthaCpidSent
Preferred e e r | gcal i.za n si t ossess to
40, pref er'hg?nq'%ﬂ ?éﬁgg qa{?:& Xy %ﬂcefﬁpSﬁ'ﬁ? &?5‘% Wﬁtcihotge Seqyegnce qfeéN%

expr essi omdo@dtudesi&dcnmmal éarthé dm:tarfacﬂ@t and, sscghdll, 4 lvavaldatesinding witr DNA

conpl exes is used in the present
i nvent i on, MaER uiaq?cﬁgAD%p@e g Hoiié tg?ﬂda?’}‘is a nucl ear |ocalization

si gnal V\/nose charges are distributed in such a way that it does not

the. nufd cal™d PERESHPT. BEeRp ey oed ocalsiehc By ST uSed ol B%: wesemy,”

neutral netvertiangeénotas thst asmdtidan lbbnilzamceseighall pysHRbsaER additional FRIARINGS t hat

t he extend ot th cl ear atlon Si.gnal. sses negatively
char ged an{aerﬂlgggé(’:clfdési:{eferﬁ%q %n%%gftﬁagep(ﬁgﬁ?%éo‘@%?@ %?'Pa?ﬁ@%é’&sff%ﬁ g% ear

| ocal i zat i 4 preferablyi 4iodl0, additibred flankimpaminbla@hist hr ee posi tive surpl us
charges occur in the entire region of 25 the extended nucl ear |ocalization
si gnal . The nucl ear transport agent according to the present

i nventison "ﬁmsexmessimaebtta@tedt Mmadear localizétiotiosignalahatl @sed het forfdoepidi@sof

DNA. It i ge that t.he nuc ation nal
r emai ns ff‘%@ Y ac u%s;tg% c@arlg 5 tHheS Hﬁeﬂt 'Ez?e Prreaﬂ'gﬁ%‘f‘elnt'%é’%f‘ﬂ{??jhat:%"d”?%go| di ng
| ar ge DNA crotgimsea esclehalbcalixptior signat whase bhaargs@eretdnatnduttabaq 8g¢teS Siabithatt y of

when usi ngt 0 T dRERet M DR, GRBncan Ba S EEeR R g e prte i

i nvent i on,thé eadsatt tearspoitt e@chinenpre ef fi ci ent transport of DNA into the
nucl eus. 35 According to the present invention neither the DNA-binding
part (nodule A) nor the nucl ear | ocalization signal (nodule B) | eads

to the forThetéxpression "apprexibDidtely oaptradxescharge”, as is used in the present invention,
8 denotes that the extended part of the nuclear localization signal possesses negatively
charged amino acids to balance the positive charge of the actual nuclear localization
signal so that no more than three positive surplus charges occur in the entire region of

25  the extended nuclear localization signal.

The nuclear transport agent according to the present invention 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.



Modul e A Modul e A binds specifically to DNA and does not lead to the
formati on of conpl exes wi th nore ghan one DNA nol ecule. Mdule A

bi nds either sequence specifically (i.e. not unspecifically only due
to positive charges) or covalently to DNA ends. 5 Modul e A can be a
peptide ofModulgiAng | engths or a protein or a PNA sequence (N el son et

| ., d
o nenoo BB IObREL SBURLADSS oA B0 IR L B PEath b
protei n t haith mqneisﬂwaroomﬂ\@NA molecslpeMcHuleaA Ibmdsaathéosewnalseebuﬂcallye(pé essor

or 2 o UM 1) A8t S SOl AmenPBNFGRE o @ 10

ends (Mith an LTR core sequence) (ElI'li son and Br own, 1994).

Coval ent [ ted bi ol ogi cal |y,
f or exanp:)delggulgg‘ é&% ﬁ%]gﬁgﬁsc?rréefrvgw eﬁ thgﬁﬂa%g'}efﬁro&@ S?Wéen&ﬁéﬁ%ﬂwg

| i near DNAletsalr, dﬁamafsaraaotbmtamc&?ohattmlaads iosma:léisamdsdea&dq&émﬁ- Secified

Vool o & Tae A AR R A 82 e, SRR e ot BN AonPRAL et

t hat does spaciﬁba'alryd ag(for exarspleciat ireareksortay aDINi!gh affmlty mufﬁme thereoh (MotkiHsE,S

signal s, ac h egent e S na S _whi ¢ e

not nucl ear Iga[%% ;(zegtal bﬁgéé)él’)g Freﬂo{}m%aﬂ%% {j‘la{j% 8 g'ﬁ%chcﬁﬁe&\ Cg]é/e e

t her apy orDBAl&nds (withvart LTIR @brecsegaienced (Elbsdrrarmls[ﬁmmm t9®)DNA into the cell or
to transport DNA within the cell. 25 The follow ng belongs to non NLS
signal: ligands for cellular surface structures, which are able to

medi at e DNPovatrabinding. tg.the endpt mDN#esﬁa:ﬁeﬂn[ﬂHAnaqﬁhﬁHﬁiol@g&imliydm ewdrnple

destabili r it _of from
endosorreszﬁ gsggéﬁgﬁ%?s! o”glae éé)x‘ﬁ %de(gaq Qﬁaﬁmsﬁr?{‘wéjsng pEfence
st r uct1%r esthabisfaalsoicidengubatratel’ ahalpeﬂﬁits tleavagp dyttopaisdrheraseibliens relegation The

nucl ear t signal is preferably an extended nucl ear |ocalization
si gnal (as(%ﬂhhéﬁ k?‘:D‘Pmed above) that does not form conplexes with DNA due to

its charge or spatial orientation to DNA binding nodule A The nucl ear
| ocal i Zatllﬂgdlﬁé gnal can be generated 35 synthetically or can be part of a
pr ot ei n. 9 I n

a nucl ear Moduk iE & momuciéagriataliastidnssigsaldor a ridmeNu8cdigal thatadsexohbt Bipent

a_ccordjtong Jn%EecificalI%WBNW esent invention, signal sequences - with and
W t ho flankrng regions - are used

The term non NLS signals according to the present invention denotes signals which are
not nuclear localization signals but with regard to transfection, gene therapy or DNA
vaccination serve to transport the DNA into the cell or to transport DNA within the cell.
25
The following belongs to non NLS signal: ligands for cellular surface structures, which
are able to mediate DNA uptake, e.g. receptor mediated DNA uptake; peptides which
destabilize membranes, e.g. to promote premature exit of DNA from endosomes:
signals 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.



that do not bind to DNA via their positive charges in such a way that these
char ges whi ch are an essential papt of nobst nuclear |ocalization
signals, are masked as signals 5 for the nuclear transport machinery.
Apart fromthe nuclear |ocalization signal or non NLS signal, nodule B may
contain In a npelparn Idealizatieresigral senid usedip &t hutdeat arapeperh bgerithidcomirg ot

part of th@ nucl egr . lociil i zation Sirﬁ{a]acli OtE] H}F gxtended nucl ear

| ocal i zat i OF FPERAMVeRIY SI90] SPAUPRESS HRIHHARd Witheut fagking dpdighs.r Ate used

posi ti oni nipabtio ok bimdcloeDNA Ve teiirzipdsitive chiagyeslin sespeca) that absensHargaed

di st ance toh.tae DNA 1ol icpl S of mast lEx{?enldeij se.au%nces of classic NLS are
wel | sui t HMEP (7 2 ESTIHE! RHEOIIBRT! nyglear {ogglization sidpgls, 38 masked assignalse

bal ancesd bfpr fHeamicleag trapgmiri mathinarpar ged ani no aci ds. These 15 ami no acids
can occur naturally at these positions in the protein or may have been

i ntroduced on the basis of structural considerations. In the original

cont ext, n&pat frem the nucleanilomlizatiodssigat of PAMIS aidhalC ettiduleoB cOhaincor e
sequences éXit' 0 et al. 19(?7 ot could be shown for $f1 LS from Sv40
which is tPRPUABSTEXRBISLERT yIanRAREES £OMPENRITS, that are” np part; ofethe PYGeR ng
sequences letalanlion sigedl@asee extenddd nudiean Mealatioh elghal, PréfamaBsROtHey (R a20

and Petfers 989, .Rihs.et _al .., , 1991 en.et.al., 1991, Jans et al., 1991,
Xi ao e{O a) Detter Steric Pgyftgning, qfatpaemﬁe@fcg?(f?“f?tw s'ﬁ}&é’ FP%ﬁ%%éﬁr?rédP‘i"ﬁ?ﬁ?dt he
nucl eus ondigtanéd torthe @NA modigcule. chemcally 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 t hattetdetdseranues ot crissici NS atd Well GulBb praviedr thak thel péptide's néthese

sequence(s), of hein ked b i,s relatively |ow But due to the higher
ef fici ency%haé% 8%@8“{1%}658?{3&?@@ danking §’89%té’et/¥s@?fr$‘ﬁj Aping ggjdg These

Nonl- cl tsssi mm«ib&cidsscérgncc&x atmn{rSIlyt ?tgthslbé pbsitiond inethe r‘;frbﬂeﬁ?ag?w \"/G?Srehbegn

nucl eoprot.ej n n et : unann et _al ., . ich do not
have a | ar'ato%‘gf\é\gsog‘ @‘P b5 ?f?@tédcmra'gc@ﬁﬁé"’gﬁnﬁ'r'”dtSerRS'Q‘”ta semexthBegRtveeus
via the coamientdciisadre lonsteri adjaterans panly NS coreeqbénces (XiadSstdhl., 1997). It An

Sout + s SBuHE B 1B lan Wiy Bom' S\db i i ThE MG 1ibebSonly indestigatee NS,

10 thet thase ?anking:dsanmnbésaﬂsw ihcr%hgilﬁiesefﬂ@éhd?]%f weegart tlﬁavrlts 'aﬁQRtr?ken

from conmponents, o , nu r..transpor inery itselj, as for

exanpl € t h@‘f&rﬁ%ﬁ i@%’e’?ﬂs %Iahdﬁ%%‘amlg d?'r éé??ﬂa‘]%"s 9?8%/’ 199 orYanehal.vi a

thi s domai 1897).hk IAgE fdrotedi (igMp vatseiransponed tito the mutlels ohiynkfest douplime itr est

of 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,, 1997) 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).



the nucl ear transport machinery (Gorlich et al., 1996, Wiss et al., 1996).
5 In a further preferred enbodi mef a non NLS signal via PNA ¢as

nodul e A) is bound to exi sting vector sequences. The bindi ng between
PNA and vector is sequence specific. This allows coupling of such non

NLS si gnal Bintlly, alucieat tradxdpoetcmgmm t&NBE L_EPHIRA Trdfaken from C8MbEASHTYCE iUt t he
need to nodify them sequence specific binding of PNA to the

DNA only tR¥ 'ﬁ@ﬂse%mb'égwdﬁe{fh@for examp'@éh%#mmr&n Gdurding demainsiBRly of
whi ch by PhAnesm dia ?f’r@é&ﬁéﬁh'lﬁlelms BR&@h§ pkdiéin importin hrfé ﬁﬂ%%w R Of
t he DNA. 15" In the case of ression vectors, In I cul'ar sequences
in the pl a@mrtuwba&maﬁmrtan@chmery lefé'tiet@épé%%il\/Vqssh@im&PE)ch are present
i n nosts conventional expression vectors (e.g. pronoter of ampicillin

resi stance gen%)h. However, also binding in the non coding strand of
the expr eskimmrihegpisferres empasiment 2 mon NS signalgéa BNA(re modylestide bepratiof | | c

bi ndi ng i SeX|st|nIgeve%to$'s@&uﬁwgﬁ%iﬁeﬁ@h&n&?@@e@g FNA EH&E«% P%Qé %ﬁr I(,}%)Qalfl i ndl ng

t he DNA. tes tor exanple a Si
reaction (TahlmafHOW6§PéPllﬂ_|907f gichpion NLS signajsetst aldEJShybrcpd\serttlonaiomdpmssmnr anded

DNA. - Ther e,dgidts Wn8uttREGEEd RELYGR Ihtie PNA portion and the actual

signal. The spacer nay serve to I'ncrease the distance of signal to
DNA, e“b to reduce steric hlndrance The spacer may al so serve to

i ndroduce pgr sequencEE ES&E&V ! %opﬁﬁkfonﬂsgfﬂlﬂtomyethgse bRIAa%éﬁ(ﬂ\gﬁE%ﬁgf 5 T

separation of a l1gand ndoso Vi a
bound to aYﬁCBﬂd@’@yU%%iedh%éWSW phadighebe fiNA does not substantidlly imp=it thei ne,

the presen; én@ké@BEr‘p%Qe bEfEgNgaresting or slowy dividing cells
transfecta }y to a percentage that allows subsequent analysis. Mst cells

freshly I solated fromthe body of an animal or human (primary cells)

do not4gli VI dRe Bhsedt ?@F :%/gctoFérrﬁ%é{rtl&méﬁlSCQN'%C&@CI}1 ?ﬁ% bl%flg%sqagﬁﬁ%%?. Pvat ed

transporte across t Marar success
before it lﬂ%dcﬁﬁ@gm@hethnm whigh aaen@resant inemest poewantidnal Sapieasion vectotsiesg.has

led to pr 'd;B’FBﬁlYnté?%lf Eﬁg‘%ﬁlirpr%sgfgnﬁ %Cfﬂﬂlﬁeruglggﬁﬁwd%@eﬁ){ Sl dh ﬁ{l' fhoially

stimul ate roliferate In cu uhavol da econse this
is that thdfdbe expressj@m r%QlleérpoéélbieaAe ddvamtagé ef themegyema smt:éﬂ:ebmdhgmt hod

for the tr t he a S netic
material  UndarPena, AphbdRgY of fae TNZpepRELbh fo e BRA T RaRhi
par anodtht demrnstratesdor exarnple a simpkst a@htapmbloﬂlngeemtlnn (ﬁmmh,asﬁ “Qywf |INA-t he
st udy of < NS eachj N9y
acco?/di ngpé%ﬁtaﬁWérrldess%n?ﬁfbﬁevgﬁ%ydgﬁe%ﬂét Tpeerr? pr| ﬁ%?%/epg)gﬁ Yl *’hgn ct abl e
i s al so arPaskiareand tie antugh sigpaate spacarphayt ﬁrye wrmcrbase te djstancée ohsighalr

system f ory,G§QR e.g. to rddiRE f%H&r}%nca,e ef,éécgpﬂa?/ralgg%&%@ mgﬁ%ef LgLee

functi onal conponénts: oneasrP%Ic nponen passage o
t he cel | ul Riedetempinedhbreaking mhnt,oehg datall@w ithe separation of a ligand in the endosomal

25  milieu, via which the DNA is bound to an endocytosed cell surface receptor.

For the first time, the present invention renders resting or slowly dividing cells
transfectably to a percentage that allows subsequent analysis. Most celis freshly
isolated from the body of an animal or human (primary cells) do not divide at all or so

30 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 unless 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 ceil.
This is of paramount importance for the investigation of genetic mechanisms and the
study of processes inside a body cell.



| i pids and other cationic polynmers have proved to be relatively suitable.

It has to contain a further conponent for the transfer of the-DNA
into the nucleus of the (usually non- dividing) target cells and a
third conponent that nediates the integration of the DNA into the

genone. In the present invention for the first time an efficient agent is

10 d | : , A | I -
arti 11t al ot aBRtangHd felinself RN TR Rlma T oG eRe e apy
i's expect eid alsp Br epsaydiatstdp towardemsompletaidattifisia! geneemaisier @jstérﬂnam'cﬁ?é -

h I t I t ec o]
caster el bRl B BORYEEIEON ok Vil s RO gl AEL ¢
been suggesarephnehbfor dheapdsage fob PNAhthreughaheertiulaf membrame, fohlvibicracatiohfs

; b : . _ . CanLf | Lo i cine.
The nucl ooy acdinch SHBREpoREbave o & &l ARk Silleni ihelsto FRUR 1 on
al so & futhea cemphrent fantbedcnisten ofthie BNénioto the muckus aaflthel (@dialiyehdrs t hat

t i t I
abcesst bl IRaRRlargaels ang SR8 GRFRRLRTAEEeRes B 4RI 8 5 bBA
bet ween t histopthes ggeorné. irhéheDideseht invghtierhdorctid (itsartinme ror affieient agentnid
| ysyes. IS B il b Lshed.cell |1
hor baits ; debefosd sAIPCH 8ol SO SR cofboiBY A BOARENNYERL agn e o
| ower costisansier vehicle thattdae beedonpiyedimgene dherapy lis empentédhto beqrodwebd Of

cot abl | sect e Bp Exeigahearl andied o iEtiREn bk WENATSRIR Rty GBag° ™

i nvent i on a0 itaisenefosubjentetadthe tnomaneritt riskheofsthese systems h@emmftherapeutic

Erarm! 1 ogRl e R ey BiihtudOr oo SPYS IGH, o CPREPNESARETLS

doubl €el5st rvaigys helieditany diseases and wi) play a\sighificamt raliSinoaedinine. 5, 539, 082) .
35 In the plasm d backbone of al nost all expression vectors, two sequences
that are well suited for a high-affinity association with PNA are

| ocat ed i nThen@uglepi dianbpart ragsntst desmsibed accgeling dmdhe heresentginvenifon also
replicatiqp he t : L , 12

As peptide %rgﬁ%eotneen{asns{%célo%eegﬂeggg me?r%ﬁhoglue'tgregoﬁngiﬂﬁe:‘t @ t[ohneorw have alﬁady
"SV21"  NHZeeRHRNSc I EPPKRIGRINGR o eORMs acpessitileléo the; uBEi®@ ofl DNA that do not

2'0 é)Eéoor divide ir??he Rego%ke%é%gﬂpgﬁﬁmgﬁggmg%a%mE)l%%gt I de
and analysis. This is 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.



The follow ng PNA sequence is |ocated at the N-term nus of each peptide.

Ei t her A) "ori" NH2- CCTTTCTCCCT{LC- peptide (SEQ ID NGO 3), or-10 B)
"ssp" NH2- CTCTTCCTTTTTC peptide (SEQ ID NG 4), or O t he pepti de- PNA
hybri d sequence NH2- CCTTT- GGGGGEEG TTTCC- pepti de (SEQ I D NO 5)
that has about 30 binding sites in an 'aver age expr ession vector

(5 kb) (G z_the am no acid gl yci ne) [err]f vector DNA solubilized

in water wes Beplifle gomranents t %pf@MeFIeWYFEFPTWWE@QDNA for 10 mn at
60[err] C. Fhe fWﬂ"ONHPGQKPTAH)DQHSWWRP@(&WEISQ:dQMZQeF{tﬁU]1 g“ I8PM .

5 x 106 Chinese hanster ovary (CHO cells that were 60 to 80% confl uent

wer e det acN@d Pt h 5 n1\/| EDTA, washed in 15 ml PBS (centrifuged at 50 x
g for 1 nmpy). @i/27“NH;-@RPSSDDEﬂSrAmWﬁquKRRVEBOCb@H IdepfRidb: 8pg m xed
with the pre- |ncubate DNA, transferred to an el ECtI‘OpOIPatIOI’l cuvette
(gap width of olty Qn%) and i ncubated at room tenperature for 10 mn.
After electroporation (210 V, 975 [err]F, BioRad GenePul ser) the

cuvette was i ncubated at 37C for another 10 m n before the cells were
seeded in Bly%followmg RR peqvieneglisUasatedat the N-tepmisug of each paptide Jrithgui vocal |y

that thoseagel | '%r'WN'H? dcrm%‘md@ﬂrd Bé;sndéa(élsmb b3 dgd bet ween t he

start of the exp |'s were transfected with pMACS

4.1 (atf exB} eSS|s§ NEEPJPTFSPTETﬁﬁ P@%‘}e EEDIRINRMt o t he net hod descri bed
and cell ¢y dingi §b|§traevaaﬁﬁ@S%&@%e&ONHQ&Tﬁ%@é@;ééé“ﬁﬁ% F%thece' 's

were | abeled wth green orescence by incubation 1n
car boxyf | uor esc&EH H? BiKEP)dhat Rascalost 39 gindisgtsites in an a(emmexrzs@)anwmm ar

Probes, Eugene, (5Lkbﬁs(§gthe'ghﬁmp§é"gpfyg,ﬁg)s of the cells is reduced to 50%
by cell division ing a flow cytonmeter (FACSCalibur), it was determ ned
on the single-cell level that also cells that had not divided (100%
green {4 uos Adih

fl uor escencgégﬁg?brs?gf\nsloﬁim&@&ﬁﬁg%ttkr\-ﬁ%rdj %ﬂﬁﬁggﬁgg&(\ﬂ@[ﬁéﬂfﬁm&g)

13 mina}iB0f @ Phe 'Réﬁﬁ"ﬂ‘ Bixte M@Séhefmwmgotiiﬁoeﬂvﬂthﬁlﬂ\ﬂhect or sequences
PNA- pepti de- hybrids were coupled to doubl e stranded DNA. 5 An exi sting

vector sequences can be |abelled via PNA al nost quantitatively (>90%
with an NLBXpdpt Cabess tameter enaiy€5O) Teelladhatewerehfddo rﬂjJ"/@fCOInﬁu&ntImI e

tcgrrlpggglnt Saethched with MM E%E‘W%érfg ih 95 ANSBE Plntritliged HEEE kG fob 184 .l ent

The pellet was resuspended in 250 ul 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 pF, 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).



100 ng of an expression vector were incubated in TE (pH 7,8) with 25 [err]M
of different 10 PNA- pepti de- hybrids a3 either 65[err]C or 37[err] € for
five mnutes to three hours. The PNA- sequence NH2- CTCTTCCTTTTTC- COOH
(SEQ ID NO 6) used here, binds to the pronoter of the ampicillin

r esi st anceExpmgle 2: Rapid bindling dfcPNA-NESITb RMiStigd vdutsr seqpemdesde of 21 ami no
acids (Peptide 1) or 27 amno acids 15 (Peptide 2) or a spacer of 10

AEEA- uni ts (Fnoc- AEEA- OH Spacer, Per Septive Bi osystems, Inc.,

Fr am nghanPNASeptidehylrits dvery caupledriodoublz sisint@¢piNAde 3) is |ocated.

The bi ndi ng assays were subsequently incubated with restriction

endonucl ease Earl. Restricted DNA was stained with YOYO (Ml ecul ar

Pr obes,5 | n&n exguwmectoﬁﬁeqdﬁﬁ&s can beslabeélled! sl FNA ame'wwuaﬁﬁa%ly ELA 2)000

uantified fluares nn e Pl at Reader
gnal ysi's SWE P@S ? g@”%@ Feﬁn‘?ﬁ aéh'e\‘gg?'Pd'ﬁ%BFBeq% iI3bile egmpopens via
Toki 0) . Cl RHMaigeulafinik dme Hoes bt 37°Cii9 Buficigeity tdRprRsEs the DNA (Thbli ¢)ed at
t he PNA binding site. Additional Earl restriction sites serve as
i nternal control of the reaction. [err]C m n. Pepti de |

Pepti de 2 100 Repf bdexpression vector were iacubated in TE (pH 98Yowith 25 pM of ;Ilf%‘?%t

)
Slaé & 10 6fg?NA- gt})g)e hybrids at erthg%é or 37°C for flvgg'%nutes to three hoursGﬁ;' he PNA-
85% sequen&O‘NHz-CTCTTCCTTTTH%-COOH 33EQ ID Lﬁi; 6) used here, bﬂ%)to the
91% () ()
90% 25 pro?&ﬁr&ﬁhe@??'?%’ﬁ r%?'StB@‘ﬁﬁg?ﬂ? | abel | ed DNA shown as percentage of
i nput DNA The binding reaction of PNA to DNA is sinple, robust and

[ 30 reversjble and therefore_suitable for
L:F: S| a-rrhte&gt:qggéﬁqnﬁ%gg tg pqﬁy I ;ﬁf@é qqsglno acids (Peptide 1) or 27 amino acids

14 15 (HepmeelzysQr aeapadéeSofaml mgﬁlﬂs fesméwAlE*E&sosie@pb@e?S Fféfﬁs&%vel y
and can be_stored 3:

Tr ansf ect | IASYFETR) lerﬁwgr@m USA) f‘P'WWGFj\W@lgr?Q“'B%PF‘dSF (Paptide &) IS\)@Cai%I ear
transport Te bihaingfRebRAWEN s LY &R ihdubafedORBA restriction endonuclease Earl.

Restricted DNA was stained with YOYO (Molecular Probes, Inc., Eugene, OR, USA)
separated on an agarose gel and quantified with a fluorescence scanner (Image Plate
20  Reader FLA 2000, analysis software L-Process, version 1.6, Fuji Photo Film Co., Ltd.,
Tokio). Cleavage of DNA by restriction endonuclease Earl is inhibited at the PNA
binding site. Additional Earl restriction sites serve as internal control of the reaction.

°C min. Peptide 1 Peptide 2 Peptide 3
5 94% 96% 91%
65 10 96% 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 almost
30 irreversible and therefore suitable for cellular transport processes. Compared to



expression conpared to DNA which is not transported. Provided that the
transfected DNA survives in the cptoplasmfor a tinme | ong enough, the
expression rates of transfected DNA in rapidly dividing cells with
and wi thout nuclear transport reagent 10 shoul d approximate little by
little. Theotefress epfides add BNAscdrhbe fsaiathedisent lebs anpéraaiefydaniNAan be stoichat
remains in atsgéﬁ %gtf?(}pl AR0,San reach the nucleus during cell division. Using
aphi di col i &4V L P0R YT vi ty and the transfection ability of cells can
be strongly reduced. Active nuclear transport abolishes this effect
of reduce ecti . : LWGl.ency. 15 For el ectroporation 5
[err]g of et ég'f'llngf%cmng H‘ f e§1| ved in water, were incubated in

a final5 volune of 10 [err]l with or without 25 [err] M PNA-NLS (Peptide 3:

NH2- ( AEEA) 104, K E 1 i

L L et T
For 1i pof ressiod & whigh iglnett rted Rvavie [ [
Final VOl Ui oo O 100 LS F L tiok haOp 30 Lot 225 | 2ot L PR N (et | e
3) for 10%?11@% %L{N%%%)emrr?%.c?'gorpll%g? é%t ?o{ﬁme long” etigh. &‘ﬁo%’é"cf?%ﬁlﬁméifﬁi E%e
Technol ogitenstariad DA Insrapivly diviingd oslls w'rbh:tandidwi@oUt) nuﬂ@?r transport rleagent

subst a1 ey AFRLHEL B b fife, THE bt o Kiift e Biat PR egleana

fol | oned Hhatardmainun -thacuetiasom aant feasbr then mudb B0 d{ikng kgil rdivisiphi Usiagl i n

Si - : i ] I . N b f
| pof ect | P Jf8 SHIGBh ackliB nd She TANGeE R ablity G EIS AR be StRRSine
resul ts ofretucadsfActiveonucear dtaoswort rebéiishesethis effed® of Teduced eransfeciohy

neut r al N'éﬁci&?! ch are coupled to a sequence present in nost of the
expressi on vec dis are capabl e of duplicating the percentage of transfected

cells 1@arly after transfection although only a few cells have divi ded.
Reduct i on ' ; £1icl aused by the reduction, of. cell
CrOV oo 3 SRR 80 ot b SHAPINAHSE g s TR0

15 Ffaaipiciune obd§ueingitr speadthbitc2®iuivd PNG-NILS- Peastidenpir NHe{AEEA) - A

hi gh-af fimy HRGH CAAI repressar sed as
cequence- Sop FPBRATADSQHPARIKBRYELEEOOM M NIRRT o8 Ty
const ant gfrocBluteswhs Bpdesdiibetl ircexapeaiatior 5  sequence (Kol khof, 1992). The
high affinity is achieved by an amno acid replacenent of serine 61 to

| euci ne. _ The nucl ear transport proteins used here have a del etion of
the |ast tHerfipgfectianed ng whvector-DNAndissoled inl wafgrosereiincubad in a36@) valmde a

repl acemenys 1@f |\ GttCo\Gitrdut DA bﬂﬁ.—l&@é’(ﬁ@ptﬁg ré) % 10 min at 65°C. Transfection

with lipofectamine (Life Technologies GmbH, Karlsruhe) 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 ug/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



10 These nutant proteins form honodi mers instead of honotetraners and

therefore contai n one single DNA-bjsnding site instead of two sttes.
But al so tetramers may be used as nucl ear transport agent of the

i nvention. The di ner-variants each were extended at the N-term nus
for one NSk : e&ilic%ihdi KKISREMo el YDVA. . ,» N2D" NLS2:
MVEEDTPPKK LYDVA. . (The NLS-sequences are shown in bold

and correspond to SEQ | D NG '8 and SEQ I D 20 NO 9, respectively.
Sequences NKBH]%# r@%‘bmdmg mﬂﬁhnKMbMiac reprd%dbﬂﬂéas?umas seqklﬁnhs_zf@%ﬂetdgacsv4o
repr essor s ecifie corres e 0 e

Vi Irous | ar ﬁ“bﬁ?ﬂm%@rﬁte"l\-l ﬁs mytAnk Bas, g“&"”g °°”s%\7g?P %’ e \eF Peratqr

char ge & ongdosibh&(KikHone 987 Ornblliigaafint R dshievedbpah a‘nhuﬁ@&cnﬂgeascerh@@ on of
the NLS from Pol yoma virus VP2-protein. Lac- oper at or - sequences can
be found |‘PTS§”H%§‘E(§‘? legeiNgx pr essi on vectors and can easily be joined to
any sequence as extensions of PCR prinmners. 30 Exanpl e 5: DNA- bi ndi ng of
| ac-repressor nmutants containj N The fol | ow . ,

| - oper at H1e BUEA NS BaR AESBER YSP hers g caiesa of the 33 ity - tepigplay |y
OCCUrring SARbcRE: (pMBT@ﬁA@éoﬁ@ﬁa’ M@M&Rm@f Rubifé bepéditibn3880 toRatihédr om ¢
oper at or - sequence; AATTGIGAGC GCTCA

16 10 “Phepenguiant Pretelsolorn; WW‘W&%I‘W%WDRIA“PW&@?@HP%@“? fosrafeigt n
was cl eave@bnlwn one s.r@émﬁcbmaﬂgmdqmsé@ef ¥id eiteb. @RS hisoNeiramers’ magngent s of
914 bp and 86 | engt en incubated for 30 mn at room

t enper at ur‘ése\%iﬁerqCE@?Fr@ﬁW”mféhﬁ‘TI’PHQLR“ or NLS- 2-di mer,
respectively. The fragnents were then separated on a pol yacrylam de gel 5
(Figure 2). The 86 bp-fragnent, which contains the |ac-operator, is

retarded, Hedipgr-variants gaeh were axtended gt thedirterpuinusdecong NeSng results in

retardggi on of the 914 bp f ragnment | acking the | ac-operator. In the
case of corﬁ)l ete specific bindi ng hardly any non- specific binding is
.N1D" NLS1: MPKKKRKV—MKP LYDVA.".

observed.
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 perfecily
35 palindromic operator-sequence: AATTGTGAGC GCTCACAATT.



10 Further experinments denonstrated, that stable binding is achieved

usi ng vari ous conditions e.g. inc@l culture nediumRPM, 150-nM
sodi um chl oride or a buffer consisting of 10 MM Tris/HC (pH 7,2), 10
nmM pot assi um chl ori de and 3 nmM magnesi um acetate with both tested

oper at or - s@éguegcdsa radibBctivelyx aplled NANragreeant of dnklpdengtbf waNaldayed by

T op e o bR enconucieghB fUTBY B¥ sthanféntd § pEF BoPAY 6 bp jgroth and

doubl e- st r thed égctubdteddér ZIDmirpatireogttempérahet aith dac-lteptdssemdisS-iditet breNLS-

300 | or 1)1 220N rRpechiby. Shecdgfibnts o SRR SeBiutich L pbfidlualid 8810 5o

pg/ M BSA. (Rignre M)JTINGE bp-fragments epiwhatoathins, theelatopénatmt isoretardedudle @

M -filt A . f f . I t he hanged to
M orocon- bkt SAFE° Mo shBARS e (bl rmesO T s EReBHBREC S,
7,2)). 2lacking\ the Xaeiopsratoonbi #tel pgpeobf BbiApletro spebifico bindingr lkerdiysamyr nomt ant s,
and fl uoregpce%g@égir\%t?ﬁ]gggﬁ?rg?d_BSA (BSA-FI TC) was microinjected (Eppendorf

Tr ansj ekt or I'ps, dianeter 0,5 [err]m pressure of
I njection 55 hPa, tine of injection 0,5 sec) into 50 NI H3T3-cel | s,

' ' i Nj i . | d by.
1 uor olbencatel cPsstpys ePuibst kaF sl e EFORIRN BT oo the
cyt opl asm c@litionBIAg FinT&:ll egliwie snedicihhuRPME| 50 mM tsedityrt aploeidenor (dl duff@a, and

3a). Bindi aG I SIS - S_I lts in.nearly,al
cells, whi BéhelsBing 357, 20 .my JIBHCI [ Ir\)'éﬁs&bﬁ?” pliEgirh perididh® 3t ¥
nucl eus w magnedias acetatnwittbbath negiéd SerBlomsequediops.and | ess than 10 mn
(NLS2-Dinmer, 3 b), respectively, leaving nearly no DNA in the cytoplasm
Control s denonstrate that | abel ed DNA wi t hout binding proteins remains
I n t hetgyt Bxdmsient( Nogleardtbansport of DNA by lac-repressor-NLS

17 Exanple 7: Transfection with | ac-repressor-NLS One

m crogramof a linear DNA of 1,1 kb length, containing a conplete

expr essi onApproximatelp Seid ¢10nsmal) pe-neprbssyl-NLS-orutasts wasne indubbledvwith Ryuga X
perfect pa)jindromc, lac- . 5 at.or - sequengce, S, i uH?te in. 50 [err

i sot oni ¢ 0{1Q8xprﬂgnklld°(‘$%ﬁtﬁn88‘? g@?’l&ocﬁ) éQ)r%pl agt%, Iae’é%\ﬂ ﬂg%f’ £87s Wit Meect i on
usi ng pol ytudmydcent ayen€ys, ffor 3ABMimatroain tempsratestires tothirn@iusd bf 300 pl 1di rﬁM]er ent g
concenfratio ~repr -protein pr ox .5 g .3 rlg an
015 184 ) 5rORcPtap ! T 3Bl gy 6B 85 o8 g EBR inBound L
respecti velys seddretesicoypdersrifugatibncthrauighxelicrocon-filiet Arhicor)f abkadiifiee of tHef e
Technol ogi g8) 00, RALYE LN RN 0TAF inideibh bt 06 P 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 uym, 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



10 Fermentas) according to the manufacturer's instructions and added to
conf | uent NI H3T3-cell's. The resul tig are shown in Figure 4. -
Transfection efficiency, determined 4 hours past transfection, can be

i ncreased by the | ac-repressor-NLS by a factor of 3-4. In the exanple
descri bed Banele Zdhmnsfectidd WlTtactepresseiNLS were cul tivated to confl uence
before transfection, |eading to an extensive i nhibition of cell

di vi sion. Four hours past transfection only a few cells have divi ded.

The peri odOne mlbliogrann loé adimgaaPNA of 1,¢ kbdiength| oontaiaing a nompiete expragdien-

b I e ; o ¢
that trancBbeRt PRad vlyadlenaiort seibhoe' oyBRE 7 8 borled ARERARY 1he'e | 2¢*
t he endos ommatanelecmdmse,qumhbybaltéﬂaim&ml iestonictdp « IRPMIQ(for lipafeiction)oor 150

expr essea. T WCAREARECERE ity KA Ra-hPAIAR SRR rbOR PHBeds e o,

t han Weobnmﬁm&atlmstcbf Ipm}rqpeeskspr-pmtm rapproecid g, 0B pg lapsis0.t5 ear

oL ect o e 8 B928 1 R P B R B Bl 1

transf ect e\duttDNApoﬁebﬂanamEj fhifé hDechnalagies) ear RmmﬁaﬂmﬂmmeeaaEht E2Gen 500,

approxidmt '?‘T:Eg'}eé‘?aéz %é(:ordmg to th%ar,e'lgelfjfg%tHrerﬁv InSﬁELl.IJ t'FongandDad%%% t?aoconﬂuent B
(1983) Mo| NiHETSrceljeBtd resultsf arbahpes in Figure 41 npl ex virus. M I |. further
characterization of a tenperature-sensitive nmutant defective 5 in

rel ease of viral DNA and in other stages of the viral reproductive cycle.
J. Virol. Wansfection effidiéncy, determinBdul hdums past.trans@@Bgn, Mao Ibedncreassd by tiei on

3 O Soo6, REkeuEbed NSy afithor ATars 1 0RL wxalinle, dengofd et gehesgn '@ﬁ%ﬁﬁim

60: 15  €ells were cultlBambllhasonﬂ[len(:é.Q&Tc)reNtramsfemtlonrm@admg)ftoI}iA emmvle
pr ot ei ns. i.can Res.. 17- 8 RSk M lL.er
Fegt meyer , MBbIERGH oy Shlsiert ol Popseast wansShfitaary o ew B IR 9™
protein Ki mespenmbmpzblﬂcrytmta&wway fimited divisich rée 1 thistaxgmpleabecomeasoelcaamat
carboxy

o o zefob FaBRpctts. & pilinnal Bitucst by iBh Fct et Rgpasietkd LN icr 1 ¥R

up by endocytosis, has to leave the endosomes and subsequently the complex with the

ni ck,

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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acids through the nucl ear envel ope <130> 201-1(1) <140> <141> <150> DE
199 00 513.3 <151> 1999-01-08 <150> DE 199 33 939.2 <151> 1999-07-20
<160> 9 <210> 1 <211> 21 <212> PRT <243> artifici al sequence <220> <223>
<400> 1 Ay Lys Pro Thr Ala Asp Asp G n His Ser Thr Pro Pro Lys Lys Lys 1
5 10 SEQUENCE LISTE®NG Arg Lys Val G u Asp
20 <210> 2 <211> 27 <212> PRT <213> artifical sequence <220> <223>
<400> 2 Ay Lys Pro Ser Ser Asp Asp Gu Ala Thr Ala Asp Ser An H's Ser 1
5 <110> AMBXA &fbon 15 Thr Pro Pro Lys Lys Lys Arg
Lys Val G u Asp 20 - 25 <210> 3 <211> 13

<120> Use of cellular transport systems for the transfer of nucleic

acids through the nuclear envelope

<130> 201-1(1) |

<140>
<141>

<150> DE 199 00 513.3
<151> 1999-01-08

<150> DE 199 33 939.2
<151> 1998~-07-20

<160> 9

<210> 1

<211> 21

<212> PRT

<213> artificial sequence

<220>
<223>

<400> 1
Gly Lys Pro Thr Ala Asp Asp Gln His Ser Thr Pro Pro Lys Lys Lys
1 5 10 15

Arg Lys Val Glu Asp
20

<210> 2

<211> 27

<212> PRT

<213> artifical segquence

<220>
<223>

<400> 2
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> 3

<211> 13

<212> DNA

<213> artifical sequence

<220>
<223> DNA is PNA (peptide nucleic acid)

<400> 3
cctttectecece ttc 13



<212> DNA <213> artifical sequence <220> <223> DNA is PNA (peptide nucleic
acid) <400> 3 cctttctccc ttc _ )
13 24 24 <210> 4 <211> 13 <212> DNA
<213> artifical sequence <220> <223> DNA is PNA (peptide nucleic acid)
<400> 4 ctckRtettst ttc '
13 <210> §2km§)§ 17 <212> DNA/ PRT <213> artifical sequence <220> <223>
DNA i s PNA;, _gixe eptide/ PNA sequence <400> 5 ccttt Ay Ay Ay Ay Gy
dy Ay tttégﬁi HicL e 17 <210> 6 <211> 13 <212> DNA
<213> artifiwad> sequence <220>-<223> DNA is PNA

<223> DNA is PNA (peptide nucleilc acid)

<400> 4
ctctteccttt ttc 13

<210> 5

<211> 17

<212> DNA/PRT

<213> artifical sequence

<220>
<223> DNA is PNA; mixed peptide/PNA seguence

<400> 5
ccttt Gly Gly Gly Gly Gly Gly Gly tttcc 17

<210> 6

<211> 13

<212> DNA

<213> artifical sequence

<220>
<223> DNA is PNA

<400> 6
ctctteecttt tte 13

<210> 7

<211> 27

<212> PRT

<213> artifical sequence

<220>
£223>

<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



<400> 6 ctcttccttt ttc

13 <210> 7 <211> 27 <212> PRT <213> artifical sequence <220> <223>
<400> 7 Ay Lys Pro Ser Ser Asp Asp A 6°Ala Thr Ala Asp Ser An Hs Ser 1
5 10 15 Thr Pro Pro Lys Lys Lys Arg
Lys Val d u<Asy ° 20 ' 25 <210> 8 <211> 8 <212>
PRT <213> a|§ j t sequence <220> <223> sequence corresponds to the N:S
of the SVA0 ¥i{us Lafig81 Tsequence antigen <400> 8 Met Pro Lys Lys Lys Arg
Lys Val 1 5 25 <210>
9 <211> 16 <2a@> PRT <213> artifical sequence <220> <223> sequence

cor r esponds <£&3°a spgiancal cryBEPaidg ofs iasreHgadfhylied Seneisting ofNLBe a3l 0t he
N-term nal f1ank{hy 3€ghh N0k STHE NS R oM BR'yBnel the NSy £ PYPRmr ot ei n

pro

<400> 9
Met Giu Glu Asp Thr Pro Pro Lys Lys Lys Arg Lys Val Glu Asp Leu
1 5 10 15



<400> 9 Met Au GQu Asp Thr Pro Pro Lys Lys Lys Arg Lys Val GQu Asp Leu

5 10 15 Engl i sh translatron
of the anended clains 1 to 14 as filed in response to the W

Qpi ni on on March 02, 2001 5 h1sSheetHasBeenReplaced
CLAI M5 1. A nucl ear transportzﬁagent for transfe |&‘|mHtHIH“
acids fromthe cytoplasminto §+_gm‘$ eus of a eukar I
consisting of two nodules A and B, wh nodul e A 10 bi nds specifically

to DNA and does not lead to the for rratron of conpl exes cont ai ni ng nor e
t han one DNA nol ecu

and ere ul e B con ext ended cl.ear
| ocal i zati én si ﬁﬁ‘éﬂlelef’hg?nst?ﬁ a(ggn* ‘E‘g‘s ng gEweJa ‘ﬁ Rﬁﬂar e[ﬁ‘%%‘@@\lﬁﬁ
bi ndi ngs of binke specificaliydd mrA hm@aswnbt lege t thedoiinfetioPNdA. compléi(es Zontainingic| ear
transport a equence

paar T bl e by gioe BNACmbiRgtean wherslt Fiofifb. S g bleths s RudEdrpesigton

claim 1, yigaslethat toskhet rediiatedsnspecific Dveild ofctaknuclear Bhsputtiagert@o the 4.
Nucl ear trBRIz\port agent according to any one of clains 1 to 3, wherein
nodul e ‘is a peptide, a protein, or a PNA (peptide nucleic acid).
5. Nucl ear transport agent according to claim1, wherein nodule B
contarn tended nucl ear 1ocal.i zatign. Si na t hat sessgs . an
appr ox it 81y nbyEEaF HeeeOt “2gehy adRing Wb’ 8t f1"Ahefglf IS A "ER4S
agent accoselquugrctecspetiﬁd:aﬂyfﬁo DiNAer ei n nodul e B contai ns an ext ended
nucl ear | ocalization signal, that conprises a nuclear |ocalization signal
and 30 flanking negatively charged am no aci ds.

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

specifically to DNA ends.

15
4. Nuclear transport agent according to any one of claims 1 to 3, wherein imodule
A is a peptide, a protein, or a PNA (peptide nucleic acid).

5. Nuclear transport agent according to any one of claims 1 to 4, wherein module
20 B contains an extended nuclear localization signal that does not form complexes with
DNA due to its charges.

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

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

30
8. Nuclear transport agent according to any one of claims 5 to 7, 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.

35

9. Nuclear transport agent according to claim 1, wherein module A is a PNA and
module B contains a non NLS signal instead of or in addition to a NLS signal.

) 0 A N A



7. Nucl ear transport agent according to any one of clainms 5 to 6,

wher ei n nodul e B contains in addition to the nuclear |ocalization
signal or extended nuclear |ocalization signal additional peptide
sequences or non-peptide conponents tha% do not directly 35 bel ong to the
nucl ear | ocalization signal. Nucl ear transport agent

according 460 ChAldat 1 H0ELELBoOSbE: f% P10 Whefbin mouiRli6'h BloRls 1

DNA in a sequence speci nner on 1t
2 evtticmiieds MLBNA ig nasequemrteasmlfxa nmevmeNa®d gioguitel B contains a riin NLS A gene

transfer @;a?@sfe%gﬁoﬂn”&cﬂl qglaq@\f?gég%sport agent according to any

one of clail and a cationic pepti de, polyam ne or cationic

pol ynes. 5 A nmethod for transporting DNA into the nucl eus of
eukaryot i ¢ cel {m |é’¥?‘?¥a%%@or§ Went zossFifid T B ©f ARSHEG G N NES Bgndie Lo be
transporte fe nuc ranspor according to any one of

clains 1 tseledted frad theé Jroup mnsmtlh@df h@andsdolr@llutar sldace sttucturks which arbe
eukaryoti r?‘fgw rﬁealgfae [BI(IA ”ﬁ{%ﬁéﬁédtﬁes which dest]agillz accorrggascael"\'ﬁtél&r?élﬁ vghigﬂy one

corrp03|t|o rrsing trans ort agen
of clains med|ate8m the1®ll higding toisteansport rstrucmtelseas welbhas mmalsaghnh casser di ng

to any,,0n 8 for the preparation of a pharmaceuti cal
conposﬁotlgrrel@nh&l‘g{ene 'ﬁ%{eegg 14. Use of the nuclear transport
agent according to any one of claims 1 to 8 for the preparation of a

phar maceut4£al &%@HQ%HahL@Ps éi’ém%%ﬂ@p%uhgraar%éé? tr‘ah?p&r[ ?@érﬂ%&orﬂn 48 angancer.,
di seases of 't he fervous sys ection as nonodeni c-or
pol ygeni ¢ ¢ner efdilaigisyl tgngmcatlomc lipid, peptnde polyamlne or cationic polymer.

15 13. 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 11.

14. A method according to claim 13, wherein the eukaryotic cells are primary cells.
20

15. A pharmaceutical composition comprising a nuclear transport agent according

to any one of claims 1 to 11.

16.  Use of the nuclear transport agent according to any one of claims 1 to 11 in
25 gene therapy.

17.  Use of the nuclear transport agent according to any one of claims 1 to 11 in
gene therapy for the treatment of cancer, viral infections, diseases of the nervous
system, graft rejection as well as monogenic or polygenic hereditary diseases.
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