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"electrical pulses are described, which may be used for the
nuclear localization of DNA and/or other biologically
active molecules.

®

BACKGROUND OF THE INVENTION

- Since the nucleus is the functional location of eukaryotic
DNA, extérnal‘DNA has to enter the nucleus in order to bhe
transcribed. Conventional transfection methods only cause
transport of DNA fhrough the cell membrane into the
cytoplasm. Only because the nuclear envelope is temporarily
disintegrated durlng' cell lelSlon of higher eukaryotes,
can the DNA enter the nucleus pa551vely, so that its
encoded proteins can be expressed. Only very .small DNA
-molecules_ (oligonucleotides) are able to diffuse freely
through pores in the nuclear envelope. For the efficient
transfection of resting cells or of cells with low rates of
division conditions have to be provided which result in
larger DNA molecules being able to enter the nucleus in
sufficient quantities through the closed nuclear membrane.
The method described here allows this in hlgher eukaryotic
cells.




cells. 14 SEPTEMBER 2004 2 PRIOR ART It has | ong been known that DNA can be
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However, the experinmental conditions described earlier are limted to the-
~transport of DNA into the cytoplasm of _higher eukaryotic cells, so that.
the expression of transfected DNA r emafns dependent on the disintegration
~of . the nucl ear envel ope during cell division. None of.the -known nethods
addresses BhEORelzgetrically targeted introduction of DNA into the nucl eus
of higher eukaryofic cells- A systemwhich is optinized for electrical
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observed. . : @] @ nucleus of higher eukaryotic
cells. A system which is optimized for electrical nuclear
transport is not yet known.

The development of electroporation is - based onn  the
observation that biclogical membranes temporarily become
more permeable through the effect of short electrical
pulses (Neumann & Rosenheck 1972). In 1976 Auer et al.
described the uptake of DNA in red blood cells through
electric current.

The first report of electroporation of cell line cells
.dates from 1982 (Neumann et al.). A murine fibroblast cell
" line was transfected using short pulses having a field
stréngth of 8 kV/cm and a duration of 5 HUs each, mostly in
a series of three pulses at intervals of three seconds. Two
weeks later, an analysié was conducted. No electrical

nuclear transport was observed.

By shorting of a transformer, Potter et al. (1984) also
generated a field strength of 8 kV/cm and used it for
transfection of cell line cells. However, the current was
limited to a maximum of 0.9 A. Again, no electrical nuclear

transport was observed.

In the course of the develépment, increasingly 'longer

~discharges with lowerr'voltages were used sgince a field
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Since 1986 patents have bheen applied for which relate to
.electroporation as a method cf transfection. Mainly they
describe device constructions and pulse . forms. None

‘addresses the problem of non-mitotic transport of DNA into
- the nucleus.

Us 4f750’100 to Bio-Rad Laboratories, Richmoﬁd, USA (1986)
describes a sgpecific device construction providing a

maximum of 3000 V at a maximum of 125 A by condensor
discharge. |

Us 5,869,326 (Genetronics, Inc., BSan Diego, USA,- 1998)
describes a specific device construction, with which two,
three, or more pulses may be generated using two separate
power sources. However, US 5,869,326 does not show that

these pulses have an effect beyond the transport of DNA
into the cytoplasm.

US 6,008,038 and EP 0 866 123 A1‘(Eppendorf—Netheler—Hinz
gmbH, Hamburg, 1998) describe 1 device, with which short
pulses of *10-500 us and max. 1.5 kV may be generated, but
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transport of DNA into the nucleus. The methods known at present do not
allow the efficient transport of DNA a d/or ot her bi ol ogi cal nol ecul es
into the nucleus with low cell nortali It is therefore an object of the
invention to provide a nethod which alloms the efficient transport of DNA -
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It is a further object of the invention to provide a method
of greatly reducing the time between transfection and

subsequent analysis of transfected cells.

The objects are solved by the subject-matter of the patent
claims.

in the present application, specific electrical conditions
which mediate the efficient nuclear transport of DNA, and
discharges and currents resulting in a particularly low
cell mortality are described Ffor the flrst time. Buffers
optimized for low cell mortality, and experimental

procedures are described as well.

DESCRIPTION OF THE INVENTION

‘In the method described here, very high field strengths of
2 to 10 kV/cm are used to aid DNA and/or other biologically
active molecules in entering the nucleus independently of
cell division. These field strengths are substantially
higher than the ones generally used in electroporation, and
are also higher than the field strengths that are
sufficient for efficient opening of cell membrane pores (1

kVv/cm in average, according to Lurquin, 1997).




- re, the subject of the invention is a method for introducing
bi ('5)I o;ihf;ﬂ; active nol Jecul es into the nucl eous of eukaryoqu(SErFTEm(?gg@QSM
electric current, the introduction into the nucl eous bei ng ac }eVS I y t
pul se having a field strength of 2- 105ky7cn1 and a duration of a easIt
10us, and a current of a least 1 A The’high vol t ages used Fay resr

in the generation of pores in both menbranes of the nuclear envel ope, o
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it eak ogdic  trangport wfifeet . he.d.eram "higlo 'tc’al ly,,active
ﬁblsetcal 2'(':? gveggg?g%r ej 0, G npr i se? r;ﬁjc:l el?c aci ds, pepti deg{s, prott}é? ns,
pol ysaccharides. Iipids " oF Bihi PATLSHE tnsf achigvededy t heyulse
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membranes of the nuclear envelope, or the nuclear pore
complexes may become more permeable for molecules, thus
enabling very efficient transport of the biologically
active molecules into the nucleus. The pulse is required to
have a duration of at 1least 10 us to achieve a nuclear
transport effect.

The term “biologically active molecule”, as used herein,
comprises -nucleic acids, peptides, proteins,
polysaccharides, lipids, or combinations thereof, provided

they demonstrate biological activity in the cell.

The introduction of nucleic ‘acids, peptides, pfoteins,
-énd/Or bther biologically active molecules in the nucleus
may preferably be achieved by a pulse having a field
strength of 3-8 kv/cm, ‘the duration of the pulse not
exceeding 200 wus  in - a preferred embodiment of the
invention. A voltage of 1-2 V over a cell results in an
efficient and reversible opening of the pores in the cell
membrane (Zimmermann et al., 1981). This corresponds to 1
kV/em in average at a cellular diameter of 10-20 Mm. A
distinctively higher voltage should result in irreversible
membrane collapse, even at Pulse durations of less than 1
ms {(Zimmermann etual., 1981) . However, this does not occur
using the metﬁod according to the present invention. In the
method according to the present invention it is especially
preferred to keep the pulse duration at a maximum of 200

Hs, which is short enough, that even at 2-10 kV/cmn,

preferably 3-8 kv/em, 'no substantial irreversible membrane
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he sane
reversi 14 .SEPTEMBER 2004 danmage may occur, but at t
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| ectrophoresis of
two effects: electroporation of the cell nmenbrane and e

[ T r|be el ectroporation
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at the begrani pg. Alch he phbye TQad hg tHapspoLt of DNA and/or,
beginning of the pulses, which is sufficient to open the
pores in the cell membrane of the respective cell type, and
that the further course of the pulse is sufficient for DNA
electropheoresis.

In a preferred embodiment of the present.invention, field
strengths of 2-10 kV/ecm are wused for 10-200 Hs at the
beglnnlng of the pulse for the transport of DNA and/or
other biologically active molecules through the cell
membrane into the nucleus, the subsequent electrophoresis

taking place under conventional conditions.

Through the short duration of the-strong pulse and the low

'strength and/or short duration of the subsequent current
flow, the transfection with electrical nuclear transport is
optimized for a high survival rate of the cells despite the
very high initial voltages. At the same time, a fine tuning
can be performed depending on the type of primary cells. As
the short and very high current pulse may contribute to the
electrophoresis of DNA, it may also allow that the
subsequent current flow may be strongly redueed or
conpletely omitted for a few cell types
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peri pheral human bPdod S8 I's, pref &7&bl v’ bei ng°F 8 It®, 38 msel |s, or

pluripotent precursor cells of human blood, are transfected. In another
preferredaenbodigents - dAer EUKAIYOLLC 68h! S 15 independent of cell

- |“:.| v = - .
division, dividing cells as well as resting or primary

cells with low division activity may be transfected.

in an embediment of the invention, primary cells, such as
peripheral human blood cells, preferably being T cells, B
cells, or pluripotent precursor cells of human blood, are

-transfected.

In another preferred embodiment, the eukaryotie cells
comprise embryonic cells of neurons from humans, rats, mice
-or chicken.

Another preferred embodiment comprises human bone . marrow
cells.

The eukaryotic cells transfected with the method according
to the invention may be used for diagnostic methods, and

for preparing a drug for ex vivo gene therapy.

The transfection efficiency may be increased with dividing
primary cells and cell lines, since the DNA does not need
to stay in the cytoplasm until cell division, where it may

. be degraded, and since the cells that have not undergone
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and by electriC_current.
of nucleases.

ith electrical nuclear transport, higher amounts of DNA
may be transported into the nucleus of dividing cells than
may be expected due to cell division alone. Both.
substantially increase the 1likelihocod of integration of

complete expression cassettes.

;The term “electrical nuclear. transport” deseéribes the.
-transport of bioclogically active molecules into the nucleus
of higher eukaryotic <cells, which is caused independently

~of cell division and by electric current.

‘Preferably, the biologically active molecule, that is-meant
to enter the nucleus, comprises a nucleic . acid,
particularly DNA, or includes at least cne nucleic acid
porticn.

The nucleic acids may be present in a complex or in
association with peptides, proteins, polysaccharides,
lipids or combinations or derivatives of these molecules.
The molecules which are complexed or associated with the
nucleic acids aid the integration of the transferred
nucleic acid into the genome of the cell, the intranuclear
localization or retention, the associatioﬁ';With the

chromatin, or the regulation of exXpression.
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enbodi menCotth&ardl-edtt e301£onpr@xedhageadsaonidted phibet he rucl @i gmaci d
and bei ngphugedxf @erkh@akat ranucl ear retention or the association with
chromatin conprise domains of the EEV protein EENA-1. These donai ns

i ncl ude am noaci ds 8-54 and/or 72-84, or 70- 89, and/or 328-365 of the

EENA-1 prdtei a (Marechallaeliya! prefE999d Adhulehesu tahhe fqr the use in
the met hogoﬂﬁﬁ«gﬁgﬁ%ﬁ 0 ﬁ%ﬁ .iar%v%gt [ %i % “pbuffer 1 having . IS | owi ng
conposi tion: 0. cal )%i; 59367 H KEPE PEAL ¢ MESOE 224 0D aiMoNad
23 . 8 mMWREHCESF the4inrRaRERE4r retentiomMbd Ehke association with

the chromatin comprise domains of the ERV protein EBNA-1.

t he

These domains include aminoacids 8-54 and/or 72-84, or 70-
89, and/or 328-365 of the EBNA-1 protein (Marechal et al.,
1999) .

A buffer suitable for the use in the method according to
the invention is “buffer 1 having . the following
composition: 0.42 mM Ca(NC3)z; 5.36 mM KCl; 0.41. mM MgSO,;
103 mM NaCl; 23.8 mM NaHCO3; 5.64 mM NaHPO4; 11.1 mM d(+) -
glucose; 3.25 uM glutathione: 20 mM Hepes; pH 7.3.

For introduction of hucleic acids into the nucleus of
eukaryotic cells, the following protocol may be carried
out: 1 x 10° - 1 x 107 cells and up to 10 g DNA are
incubated in 100 ul buffer 1 in a cuvebtte with 2 mm
electrode spacing for 10 min at room temperature, and are
then transfecteqd according to conditions according to the
invention. Immediately afterwards, the cells are rinsed out
of the cuvette with 400 Ml cell culture medium without
serum, and are incubated for 10 min at 37 °cC. Then, the
cells are plated in cell culture medium (with serum) with a
.temperature of 37 °cC.

For example, electrical nuclear trans?ort of proteins may

ltake place according to the following protocol: Up to 10 ¥le




gl ucose; 3.25 pMglutathione; 20 mM Hepes; pH 7-3 | For introduction of

nucl ei ¢, acids into the nucleus of eukaryotic cells, the fo4ISERFTEMBER 2004
may be carried Qut: 1 x 105- 1 x 1 07 cells and up to 10 Vg DNA are

i ncubated in 100 ul buffer 1 in a cuvette with 2 nm electrode spacing for
10 mn at roomtenperature, and are tHE transfected accor di ng to
conditions according to the invention- Imedi-ately afterwards, the cell s
are rinsegrotteinofid hoeuyet 5aiwhbh4 uI tur di um wi t hout
serum and qare_inpcuba du,¥or 10 m nea?)%:;fh& %'Fhe e g iy e'Eg s bl%ted in
cel | culture nedi um (Wt h S&rii) 2GFPRAANTt difpefheurenmdi BToGs bar exanpl e,

el ectri cainwvecitéan .t Tanspart «ify oL o et wis- RRY +Heakes pigcgr(_gci:ol{ g?1ttioghel
p

~fol I'owi ngpr og9c0l, MR Lo 10 SEPTEMBER 2004 -
suitable buffer are tr&nsf‘é’ct&e)d ‘??E? xcehbs Culicwelomeéepms eicgond ng to

the condi EPEHE. ofNEhelndwehed ofior| miediat elty :afte@wanr%n theC Q:lhcllit£re

ri nsed outareof IQ@e@u&q;t th LI Il cult medi um Wi t

serum ang i ncubat ed o %ewrjﬁ ncg&@}ﬁe meIﬁlfl (I‘Vé I F&rugde Biklked in
cel | cult ?Qpﬁ-EaFHﬁ?(wft R ’sertmaad t Ara ahahpeedt efecel 37 Geand :ane
anal yzed pétreodaafingubat kon. period of up to 6 h. Suitable cuvettes are
for exanple those with an electrode spacing of 2 mnmor 1 mm such as
COoMmer Ci alllg% avail able cuvettes for the el ectroporation of prokaryotes.
The used Sbbtaviat bomsthawe dthe foll ewhngipean ding tO +Lh

i nventiongpApart oM the ahbreviation FI st edo:%% f(ﬁfe;%méﬂ el F%ﬁar Y,
the fol | owl ng abbreviations were us’edsu‘fflACSSf I%ﬁ”ﬁi’i‘%‘é%%ﬁ%bﬁfa@ma\léaédecel I

sorting cuvettes for the electroporation of prokaryotes.

The used abbrev1atlons have the following meaning according

to the 1nventlon

Apart from the abbreviations listed in the Duden

-dictionary, the following abbreviations were used;:

FACS flurorescence activated cell sorting
FCS - : fetal calf serum
CH hour

Kv : kilovolts

Mg - _ millisecond

us microsecond

PBMC peripheral mononuclear blood cells
PE phycoerythrin

FIGURES

The invention is described further by the following
figures:

AFlgures 1(a) and 1(b) show the transfection efflclency of T
helper cells relative to the field strength at a pulse with

a duratlon of 40 us (a), and in relation to the pulse
duration at 5 kv/cm (b).
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Eﬁ?r ogqcond PBMC peri pheral nononucl ear bl ood cells PF PM4<8£_B’TEWII3ER 2004
"~ FIGURES The invention is described further by the following figures:
Fi gures 1 (a) and 1 (b) show the transfection. efficiency of T helper
cells relative to the field strength‘atﬂa‘pul se with. a duration of ,4G i's
| (a), and in relation to the pul se duration at-gS kV{cm(b%__ 14 ?5P‘(I)’FI\/$ER

04 - 11Frikhgwe a)arfN A P) s 15 oW g he. fection icien
ﬁgl per cel IJEJ after 2(a()ulae o(f )tS)SkV/cmlior 48 s, Tof | owet Wthott &
i nterrupt ihéaﬁlp&? é:?;ﬁ]r‘grpeﬁft?llfoﬁ/ Fralaer fak entkVéemefigrhd Oands ,stfcalch@iZKk
Figure 3 sthdaweutheaFAGScanrapalysi spef PBMgtLansf gg%%d_ ot CE]Jh% f% eI—Ilit
expressi on vec QF.- Th %el | 5 .were subsequently incubated w e
- di goxi geni %—co%p?‘esdaél t i Santi body and then with the Cy5-coupl ed
anti-di goxi genin antibody, as well as with a Ehlycoer yt Ihlrl n (zﬁé-\(lzvcenrjgl ed

ti-Cch ibadys f ag i dentifi ion of _the T hel per cells,
gﬂal yzed gsb%ll?%wy%y?%ﬁehtgr gﬁ%hg%r?uso 58 dfdatS & | BBiGs td-"étré?ﬁﬁ%@di_by_ |
propi di un¥i68i detst ai 7" (ernEeTRd | useescence mhanneigl,sﬂé)' (wf%§tgﬁé3| e
scatter; stfS€eqhenwaydiseabbebl wH-GULE A hgogégégS%agﬁggﬂé%fé%tgéﬁrs from
el ectrical_npuclear .transport in primary (drvidrng) e fote ‘ '
_human unBil i‘ac%‘fﬁ&%‘?% g 0 YihhstBet BdSbyorr1ed astpuldieoxigenin

-antibody, as well as with a phycoerythrin (PE) -coupled
anti-CD4 antibody for identification of the T helper cells,
and were analyzed by flow cytometry. The number of dead
cells was determined by propidium icdide staining
(unstained fluorescence channel FL3) (ssC= Side scatter;

F5C= forward scatter).

Figure 4 is & FACScan analysis of the electrical nuclear
‘transport in primary (dividing) endothelial cells from
~human umbilical cord (HUVEC), transfected by a 70 ps pulse
of 5.kV/cm, followed by a current flow of 2.2 A for 10 ms.
The cells were subsequently incubated with the digbxigeninH
‘coupled anti-H-2K* antibody and then with the Cy5-coupled
anti-digoxigenin antibody, as well as with propidium iodide
(unstained fluorescence channels FL2Z and .FLB), and were
-analyzed by flow cytometry (FACScan) (S8C= side scatter;
FSC= forward scatter).

Figure 5 is a FACScan analysis of the electrical nuclear
transport in a cell 1line {HelLa) 3 ‘hours after it was
transfected by a 100 us pulse of 4 kV/cm with an H-2K*
expression vector. After 4 hours, the «cells were
subsequently incubated With the digoxigenin-coupled anti-H-
2K" antibody‘énd then with the Cy5-coupled anti—digoxigenin

antibody, as well as with propidium iodide (unstained

fluorescence channels FL2 and FI.3}, and were analyzed by
flow cytometry (FACScan) (SSC= side scatter; FsSC= forward
scatter).




of 5.kV/cm followed by a current flow of 2.2 A for 10 ns. The cells were
subsequent |y incubated with the digoxigenin- coupled anti - 4 SEPTBMBERI 2004
and then with the Cy5-coupled anti-digoxigenin antibody, as well as with
propi diumiodide (unstained fluorescence channels FL2 and FL3), and were

. anal yzed by flow cytonmetry (FACScan) (§SC— side scatter; FSC= forward
scatter) Figure 5 is a FACScan anal ysis of the electri cal‘ nucl ear

transpor{ sinarcceld Lioee(Heka) 3180455 ARt er Lt ugs transtected by a 100

1.is pul sg of 4 kVcmw th an expressi on Vector urd, the
-cel I's wer &7 35 ediie fq%‘iﬂféiredﬁi/ﬁ”%%lft h@iﬂi’gb&T@éhlbﬁfcmmﬂmdoﬁntheH 2Kk
anti body andltses wift ht@@@eﬁ:tc%tplaed:@gﬁﬂt&l er3 ) &Bd&@% af?:{‘g?' |

as with pL 91%—1%' 4m | q‘(l‘?nst ai ned fluorescence ¢ annel
and were analyzéd © ST 1 ow TyT'onett §RERACERENPerSsemest de hpnts eaft@SC=

forward pcattteen) am PEREREMEER <2304 ntrddicdd Ut Gishaws: 1he, '£°§6%Ca'

nucl ear transpoct scription activator proteirn (HPV I
means of P B anal g)fsflg (]){?r/% s effect on a reporter construct (pCl8Splluc)

in HeLa cells. The neasurenment was perfornmed 6 hours after protein and

pl asm d wergui-Bt yodHead iht0 at;hy | pul se of 4 kV/cm
Figure 7 s?gﬁﬁ}tm di agrams of %I%\?\r/!sc%tfg%'?)r‘%%(}r}cec}énséutrrelr?erﬂeas‘“btfe
el ectricaf Safl FFEH%EGH HHCEREC | é’éﬂﬁémc’é”éiswf @N@pﬂexes:atrrtecssﬁ:lo cells

5 z hour scahbeextheyinebe choanskegkedswi th the NA-pratei n,complex by a-
70 is pulse. of 2 eV/%m &ollo% t hout |nterrupt|on by a current 1 ow . of
2.2 A and 60 s E St 0P 0P BGF A€ OBPLEKoW YR ofBt HiEc Pulse
measur emedf s> bV/?hle f@llé@twradca\tltmmitea:tnﬁémgp@ién obypaptiugeanBNA 1 oy

of 2.2 A and 60 ms.

Figure 8 shows two diagrams of flow cytomﬂtrlc measurements
of the electrical nuclear transport of peptide-DNA
complexes into CHO and K562 cells.  The complexeé- ware .
‘introduced into the CHO cells by a pulse of 5 kV/cm for 70
s, followed by & current flow of 2.2 A for 40 ms, and into
the K562 cells by a pulse of 5 kV/cm for 100 us, followed'
by a current flow of 5 A for 10 ms. The analysis was

performed four hours after the transfection.
EXAMPLES

The following examples illustrate the invention, but are

not to be conceived as to be limiting.
Example 1

Electrical nuclear transport in relation to the field

strength and the pulse duration

Freshly prepared‘ unstimulated (non dividing) mononuclear “
cells from peripheral human blood (PBMC) were transfected
with a wvector coding-for theAheavy chain of the murine MHC
class I.protein H-2K*. 1 x 10° cells together with 10 wug




i ' i duced into the
| exes into CHO and K562 cells. .The conplexes were intro
(C::I?lgpcelzl s by a pulse of 5 kW icmfor 70 wus, followed by a ¢4SEFTEMBER 2004

i f 5 kVcmfor 100 us,
2.2 Afor 40 ms, and into the K562 cells by a pulse o )
followed" by a current flow of 5 A for 10 ns. The analysis was perforned
four hours after the transfection. EXAMPLES The fol I owi ng exanpl es o
illustrate the invention, but are not to be conceived as . to be limting

- - - - - t h
1 velelotr il pwicheffet I angpoEt thAnkekatbanato, Lhe tield _streng
E)r(lgr?lhg pul.se, dur atj on Freshl prgpar ed unstinul at e {non gl v#ﬁlrﬁé}lre
nononucl ear ~ cel scflyc?r%tﬁer?“b%}é‘ra Hifrarf B JotPIPEMDEQisGe t radsf wetred

i } [ K MHC6La L rotein
with a vedtomafoditeg f omddie héeyy debairibeld t BenfukliBa s Imﬁ_ + 12 ot
L2 sl Lo St R T i B e
DNA in buffer 1 were transferred at Toomienp8rht Gfe (ol D
mm el ectr 94€ speci MFMandiakien t fansiect edfemaer ¢£\Efde§§ﬂub,e?tﬁégmﬁ'f L' 0286
| mredi at ey cudfaeianardls 1 ¢ heceld ssnese fgrg[cieb,degg.twg%rbt{%g; StiSamoh 200
ul RPM nediu wi thout fetal calf serum S), i a _ 37
C, and wefe THENTS dhsterveth t orevasupdumeddsh (wiitth pasjar rmii;erzegis ullint I(‘]WIt the
"FCS). Afteénchbhtiiomgubiatd areltheyeeb! %B@éﬁ@%ﬁ%@%%ge%%ag eu‘blFW%d _

di goxi genjjn-coupled anti - I;I—eéKk antlbgzd ; ann tgen Wit € E pred -
anti -.di goxygeni i anti body . fs et 3s25 t AnhibpAyceadytthem ¢REh -tdoup
anti - CD4 aWbrbedyledr andendiddocaténhn Oﬁntthﬁggyheh’]f)@a Wgglll Zéllh? SQ\%atgerae
anal yzed ytonmetr A The nupber ead c _
det e?/n‘i ne%Mging?%%?aﬁgm i o)(gll?gg ‘g?g??%l)eﬁg Froot ec%gs hovg™ §HeP4¥ ansfiet i on
efficienc§d8PtTfﬁ€95épn of the T helper cells, and were analyzed by

flow cytometry (FACScan). The number of dead cells was
determined by propidium iodide staining. '

Figure 1 shows the transfection efficiency of T helper
cells in relation to the field strength at a pulse duration
~of 40 ps (a), and in relation to the pulse duration. at 5

kv/cm (b).
Example 2

‘Increase - of the efficiency of the electrical nuclear

fransport by a current flow fellowing the pulse

Freshly prepared unstimulated PBMC were transfected with an
H-2K* exXpression vector as described in example 1. A pulse
of 5 kV/cm for 40 us was followed without interruption by a
current flow of different strengths and duration. After 5 h
incubation the cells were analyzed as in example 1, and the
transfection efficiency of T helper cells was determined
(Fig. 2).

Example 3

Transfection of PBMC

Freshly prepared unstimulated PBMC were, as described in




cells inrelation to the field strength at a pulse duration of 40 us (a),
and inelation to the pulse duration, at 5 kV/cm(b).. Et4a§ERTEMBER 2064
of the efficiency of the electrical nuclear transport by a current flow
followi ng the pulse Freshly prepared unstinul ated PBMC were transfected
with an  H=2Kk expression vector as dedéribed in exanple 1. A pulse of 5
kV/cm for 40 us was fol | owed without interruption by a current flow of .

di fferent egbinpnet B aRd nAUHRAHAN 1 hypu tion the cells were
anal yzed 2@ i% exizgl e 1, and thewjﬁﬁ 2‘{1%15%2%1? o%&g)?%gcsileoﬁlc e&%of ger

cel | s was det'8r RPh88 OfFPgkVZFmex o€ wRdTbanst estinsmoff IRBMS fFreshiy
prepared fost Efuhat ednBBMerveea1gscdeser iiked dah4 SEPTEMBER 2004 - 14
exanple 1, transfected with an H 2Kk expression vector by a 40 is pul se of
5-kV/icm followed by a current flow of 2.2 A for 20 ns, and were anal yzed

as in exafpbe B Fhgws3 tdhowsnsheshnalofsi shef pgdie iper ten ofniransfect ed
cells in ‘ = POSLL -ME e -negat i fractions of the PBMC. 36 %
of the co%gfjégﬁ%l ir gigg%ﬁggl}ﬁge%ﬁg 2 9536%89 4VenETRCAROPSCOED DNA.
Three fout®RsPBYCt hd6nir pél ithy ODdf ecofll26a%dand dueft aHhedaansfaeti on
rocedur ez | end ELgGLE] n ea n LN _pripar i vi.di ng)
p X EXEEP FLERLANHEAE 'E'hEE% ?E&/&Eﬁ Rg Eggci{‘logga‘\iil%

endothelial, cells ércpm human unbi |1 cal cor _ Yexanpl e
1, HUVEC W&t% TT afdfBcted Wehtanthpr brReNegpebéenonrvectioreby a 70 is pul se
of 5 kVVcm followed by a current flow of 2.2 A for 10 nms, and after 4

hours subsequently incubated with g}giggg'ige&\i n- coupl ed anti -

Electrical - nuclear transport in primary (dividing)

endothelial cells froﬁ human unbhilical cord (HUVECQC)

As described in example 1, HUVEC were transfected with an
- H-2K* expression vector by a 70 us pulse of 5 kV/cm,

followed by a current flow of 2.2 A for 10 ms, and after 4

hours subsequently incubated with digexigenin-coupled anti-

H-2K* antibody and then with the CyS-coupled _anii—

digoxigenin antibody, &as well as with propidium iodide, and
- were analyzed by flow cytometry (FACScan) .

- As showp in Figure 4, 58 % of the cells express the
transfected DNA with a mortality of 32%. If DNA would have
-reached the cytoplasm by transfection in 100 % of the cells
having a divisionrperiod of 24 h, and if no regeneration
period after the transfection was considered, DNA could
have reached the nucleus by disintegration of the nucléar

envelope in max. 16 % of the cells.
Example 5

Electrical nuclear transport in a cell line (HeLa)

As described in example 4, Hela célls were transfected by a

100 us pulse of 4 kvV/em and analyzed after 3 hours. As




H 2Kk anti body and then with the Cy5-coupl ed axiti- digoxigenin antibody,
as well- as with propidiumiodide, and were analyzed by fl| ¢wSERTEMBER 2004
(FACScan). As shown in Figure 4, 58 % of the cells express the transfected
DNA with a nortality of 32% I|f DNA would have reached the cytopl asm by
transfection in 100 % of the cells having a divijsion period of 24 h, and
if no regeneration . period after the transfection was consi dered, DNA coul d

have reachathihe Nuel fis: ,si ntegration, of the nuclear envel ope in max.
3 o %c%fi f‘:g? ?\%%:f%a‘?XEW%ﬁ%th@ tnams€ettedine

16 % of t ﬁggel |'s, ExXanple 5

(HeLa) As "dBscriaedhon noatiml et v, wae 3. Bet | ST fvemmer M@D@fﬁg&@dr%c%%lw
.1 S pul sehef 4B af e L Ler . rs. 4 SEPTEMB - 15
}.is p O AN e R L R BB . e L ey et he

shown in I;i qyre 5, 28% Of,aéhe cells express t
mortal ity was 5-5'9% PRAIREuIOE hadebreaoifedif t he cyiopleasm by tgansiection
in 100 % eftere tékl sthaubngctaodi Vieakon.BaL: 99, 0f 2400 20844 0

i ered;® dHHY have

regener at i-enpegi o4y, after -the transfecti on was cohsi
reached the ﬁuclaeught?y (rjliugilr?tuésgrﬁyl ot G theonmidicsar ofenvdleopenidigmx. 12.5

% of the EBVPCRPt &R Bak. ERafmpleof Thansfaqtd arrehf iciency of various
unstimulated primary cells and cell lines 1 x 106 PBNBf ot her primary
cells or cell line cells were transfected according to the procedure
described in exanple 1 with vari oBgasppeessi on vectors, and with the
settings described in exanple 1. In the -subsequently perforned flow
cytometrig.an Y {f@ FACScan), the various subpopul ations were identified
by speci f SLERCLARCY oPfoWiRRgousabhet ipul heedearihaapsf ect i on
ef fici enct@klarandicekl. 1 foes .

1 X‘TOS PBEMC, other primary cells or cell line calls were
transfected according to the procedure described in example
1 with wvarious expression vectors, and with the settings
described in example 1. In the subsequently performed flow
Cytometric analysis (FACScan), the various subpopulations
were identifi@d by specific antibodies.‘In the following
table 1, the mean transfection efficiencies are listed. For
“the analysis of the transfection of CD34* precursor cells,
2.5-5 x 10° PBMC were transfected. A first analysis of th;
transfection efficiencieslwas-performed after 3.5 h, sincé.
during this time span no cells or only a few cells in cell
lings have undergone division. Values marked with an
asterix (*) were also determined 3 days after transfection
and were as high as the 24 h Vaiues. '

Example 7

- Electrical nuclear transport of HPV18-E2 protein in HeLa
cells

The electrical nuclear transport of.proteihs can be
demgnstrated for example by the conéomitant transfection of
transcription activator proteins and reporter constructs

“r A

the expression of which may be turned on by the binding of




i i ' I'ls 2-5-5 x 106
sis of the transfection of CD34' precursor cells, =) (
PEFI\I/E %?Lytlransf ected. Afirst analysis of the transfecti s SEPFTEMBER 2904

‘ i ' i is tine span no cells or only a

-performed after 3.5h, since during this t u _
¥§3/Ee||s in cell [lines have undergone division. Values narkeddmnt?eags
asterix (*) were also determned 3 daysi@fter transfection, an reHPV18-E2
high as the 24 h val ues. Exanple.7 Electrical nuclear transport o

ini i of proteins can be
protein ing Léct£$£|5 The eleitrrcal nucl ear transport p

denonstrat ed fof exanpl "By theeEonBobfitaRtciransf BhtisonHeka teanscri ption

! ) essi f .which may be
i ned on Dt he Binceng ot 19, SEPTENRER S0bG, SO ErRERCE BRSh Y 10 ecul cs

'}ﬁr?ﬁg ﬁﬂé?%ﬁ%ﬂﬁ%ﬁﬁgehﬂgigg%éﬁ%%g Wht 85t Fahstee tRePi tameheivest or
C18Spl | uc- T A P Ryt v antt ang BBVt 8 b Mgt b 418 S0 F O£ nE he-BARLL Lo
ViTUs transardnqid ans ot vas of HRYAS 21 stLgeam.of, the profietor” sequence
' ' cence reporter sequence, a t -
Protel n. - RE oaM e e £ Fogc el 15 et transéesverelp & pvel e
t oget her wietll 20@ kg t reeeifei ENA @Nd 8 A qrot &E}Qe%buy{r%@ab%‘(?@&m o 37 C
transfected wi tha 10 us pul se of 4 kVicm _After _ OTP ¢ re
and 5 % O the co gn\%Er ené}néﬁfzteed“by‘-l?réé’sﬁﬁqrng arive tratafémved umtn%aﬁe
activity. @Fi1§lr @s6 pshews offhe &ot/icans fettd 0 qfﬂﬂyiﬂg§§é¢]4@#§¥ﬁ% Lhe
B e B oL R e oS asy shor o -
ﬁihfaeggg%ggzgggébggyg%ﬁ§céb§@r@@&in¢&pared to the controls; denonstrating

that the transcription-activator has reached the nucleus, and has

Figure 6 shows the cotransfection of the vector DNA with
the protein, the preparatioh without protein representing
the control value. After cotransfection_with 8 ng protein,
d& clear increase of the luminescence activity was observed
compared to the controls, demonstrating that the
transcription activator has reached the nucleus, and has
resulted in an expression of the reporter sequence.
‘Therefore, the method according to the inventiocn allows. the

- introduction of proteins into the nucleus of eukaryotic
cells too. '

Example 8

Electricallnuclear transport of antibodies

An electrical nuclear transport of antibodies may be
obtained for example by the  following setup. 1 x 10° Hela
cells were transfected with an antibody directed against
the nucleus-specific protein complex ND10 in 100 pl buffer
solution at room temperature with a 10 us pulse of 4 kV/cm,
followed witﬁout'interruption by a current flow of 5 A and
10 ms. Immediately after delivery of the pulse, the cells
were rinsed out of the cuvette‘with 400 ul cell éulture
medium without serum, and were incubated for 10 min at

37 °C. The cells were plated in 37 °C warm cell éulture




resulted in an expression of the reporter sequence. Therefore, the nmethod
according to the invention allows-the introduction of protl4iSEPTEMBER2004
nucl eus of eukaryotic cells too. Exanple 8 Electrical nuclear transport of
anti bodies An electrical nuclear transport of antibodies may be obtai ned.
for exanple by the following setup. I"x'406 HeLa cells were transfected
with an antibody directed agai nst the nucl eus-specific protein conplex

A e iy s i i o A S S

of 4 kVicm_ _foll owed WlthOUt |nterru
ms. | mediHEly after. Teli sy of tTHP@npuI séhetyhe cekbs Werf&xreidnsedlgut of

the cuvet tiﬁar\/mélﬁé}%e}ﬂdl@@éfaﬁ&l&ﬁyag \% out - seru & \Ag :
i ncubat edzg The cel Is Were plated mEEeR
cul ture 1 E@PTEI\%E%’%%‘Q Wlﬁl %HFEf%r@ﬂpeheéela@rtpboam smelfilccubai-ed for
5 h at 37 tQe amhi5i FIOCR. Thenbbhey Werd fixedjlry b ores

i xA0BCTRREERSEed

f or mal dehy% % %‘fl dehyde, perneabilized with Trito
with a FITC -1 SFdd anti body specific for the anti-ND10 anti body, and

anal yzed by fluorescence mcroscopy. Exanple 9 Electrical nuclear
transport of DNA-protein conpl exes J.}I{’lam )legge 9ceI | s The el ectrical . nucl ear
transport of DNA-protein conpl exes = hown for exanple by the :
repressi on of. expression of transfected reporter plasni d-repressor
conpl EXESElEﬁItrTJ_h:IaS_ P POSE, t@'é@s%llts Wer e a fect ed wtﬁa vect or
(pSpe(LacQ -H2 ’ aving a I ac-ope eteric : '
and the : r sequence to mhlch Iac

The electrical nuclear transport of DNA-protein complexes
may be shown for example by the repression of expression of
transfected reporter plasmid-repressor complexes. For this
purpose, CHO cells were transfected with a vector
(pSpe (LacO) 1-H2KX) having a iac—operator segquence beiween
the  promotor and the E2K* nmarker sequehce to which lac
repressor molecules have been bound. Concomitantly the
cells were contransfected with the vector pMACS4.1 Coding
_for human CD4 and not containing a lac-operator seguence,
so  that lac_ repressor molecules cannot "bind to it
specifically. 1 x 10° cells were incubated with 1 pg H2R®
expression vector DNA with lacO sequence and 1 g CD4
expression vector DNA without lacO sequence in buffer at

room temperature with 200 ng lac repressor protein. for 30

min, transferred to a cuvette, and transfected with a pulse
of 5 kV/cm for 70 us, followed by a current flow of 2.2 A
for 60 ms. After incubation for 5.5 h at 37 °C and 5 % CO,,
the cells were trypsinized, stained and analyzed by flow
cytometry for expression of the respective markers. H2K"
expression was analyzed by incubation with Cy5 coupled
ant1I12Kk_ant1body, and CD4 expression was analyzed by
incubation with phycoerythrin (PE) cbupied anti-Ch4
antibody. -




| ecul es have been bound. Concomitantly the cells were

(r:gg'[ (raza;[ e(r:r?ed with the vector pMACS4.1 coding for human GJDﬁSlIﬂh'ﬂEllﬂkBERZOM
containing a | ac--operator sequence, so that |ac repressor no _eClHI is KK
cannot bind to it specifically. 1 x 106 cells were incubated wt gtor
expression vector DNA with |l acO sequenck8and 1 jug CD4 expressbgn ve?:aC
DNA wi t hout | acO sequence in buffer at roomtenperature w Ejht-z ?gct ac
repressor phéteihaf 30 o/ Ny tr aqcfs%%r(lergeto acg vette,iI;;m Wr@gg; cored
with a pulse of 5 kV/icmfor 70 us, owecffb“f/ a®ctfPent™® 1 o .
60 ms.  AfTEPOPAELBERI dhF 0FXBIBFSAOIB7CESL antths #aERRy gé@@@ééisg\ge%? e
eapect | ve L Kore. (DK onor coct ot e T T ThEGbarror AR oyS

' ers. express an, ,
Eﬁﬁ&eéé' V%ﬁﬁ{_;ﬁ AhPOBEEY T - ald tEDsRegiress ol viesumdal yzedepyessor

i i on(Ha%h ydr zacEBE) weeupl Bs-@ntby R4 ccantihody.
ISE(I;EIJ'EKI/}B:E%nCZ]gg){lr @@ﬁyh% resufll tt} of . évxp experi %a,_ntsc éh(tjdvm [ nldFl bhrea7 ’
denonstrate the expression of -t H&SaFREr S&quéfce oaf t eprparaAsftect kba o
t he DNA- prastidifiponptlexels Wethrapdessbhodtn beunddac mepressof  t Yith

speci fi caldgedound lag repressor, .. binding (CD4 expression vector

without lacO-sequence, plasmid 2) no repression of the Ch4"
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expression occurred. This shows that the DNA-protein
complex has reached the nucleus and that the repressor
protein has resulted in a suppression of the expression of
the marker sequence. Therefore, the method according to the
invention also allows the introduction of DNA-protein

compvlexes into the nucleus of eukaryotic cells.

Exanple 10

'Electrical nuclear transport of peptide-DNA-complexes

The nuclear transport of peptide-DNA complexes may be
demonstrated for example by a repression of the expression
of a reporter plasmid by binding of PNA (peptide nucleic
acid) to a PNA-binding sequence- between promotor and
reporter cassette of a reporter plasmid prior to
. transfection. 1 nug H-2K¥ exXpression vector were incubated
in 10 mM Tris, 1mM EDTA with 25 MM PNA peptide (low
concentration), or 50 uM PNA peptide (high concentration)
for 15 min. at 65 °C. The expression vector was used in two
variations, with and withouﬁ specific PNA-binding sequence,
also, unspecific PNa peptides (peptide 1) and specifically
binding PNA peptides (peptide 2) were used. Epecific PNA
binding resulted in the labelling of a restriction site,
and was verified by‘respéctive restriction analysis. The
used PNA peptides had the following DNA binding sequence:
NH3-CCTTTCTCCCTTC - peptide (peptide 1) or NH,-CTCTTCCTTTTTC-
peptide (peptide 2). The mere peptide portion had 'thg




( H2Kk expressr on vector with IacO sequence, plasmd 1), a clear repression
of the 'H2Kk expression conpared to the control wthout |at4SEREEMBER 2004
be seen, whereas wi thout specific |lac repressor binding (CD4 expression
vector wthout |acO sequence, plasmd_2) no repression of the CD4_
expression occurred- This shows that t HE DNA- protein conplex; has reached
t he nucl eus and that the repressor protein has resulted i.n a suppression

of the ex{ficdssivomel skheeABEKEr BLRAURKRGAN %ﬁ%éﬁe d according

to the |r%v rrrltsrfon al so aIIO\/\? he |ntroduct|on 0 co PExes
into the nuclreus off BUkEfy 72 c&19%Ls Exanppertddel mntm mitheathe

transport f@ﬂlpeipmg:le DNA- ceaplhexes The nucd,g@r transpdy.of pepti DNA
conpl exes g a repression of the

expr essi on@\éP a reporter Pl%gg%%a; eIPI\W% pEpt et e ethve aci d)
to a PNA- Bpﬁﬁ’rlﬁgte%mélrbeia@@tqﬁ OJTtha)I’pLﬁlnib crwe@r]\gx,e,rcnga@@ptﬂe ﬁg
reporter pbaseldapihol Q- Ak i }ﬂ;% ressi on vector were
i ncubated i.n 10 Tri s, rrte %{r% 00%22? BZN%% gt deét (v cells,
concent r afP8nPY &r PS‘éSSI\/P NR ﬂiéfmcﬁffdétv(rhr‘@r@ mcmmrlaiwaah)by fapI‘CLﬂIS;é’ﬂﬁ’l at

65 C. Theo€xpr assben 19eakor nWas cys ed 111 t WG o at hons, vvrdgt wi t hout
R de

specific i nd| ng se enc al so, unspeci tAtde 1)
and speci $| ca{3 BdpPndi hﬁeﬁﬁ‘ﬂ%% (pept ﬁﬁélzy’edmnehuﬁﬁ cSpeaidd ¢ PNA

bi ndi ng relstriﬂédZK’ﬁ aﬂnelﬂ)@ﬁ)gl | ang @bra B@SUKLEE G, SiHe) é< %E% was ;verified
es g SSlOIl

by respectd Ve L£S on_anal'ysis- The wused PNA pepti
fol |l ow ng %NA m%l?%éﬁléeg ence: NH2- CCTTTCTCCCTTC -pep tide (peptr de 1) or

NH2- CTCTTCCTTTTTC- peptide (peptide 2)_ The nere peptide portion had the 14
EErPTEI\/BER«“ﬁ_ﬁQﬁe- 89 ohhdOW g segrpnce:  N2- EIANDQHSTPPKKKRKVED. COON.
unspecific interaction of PNA peptide with vector DNA o
the expression of a reporter construct, and therswith the
peptide-DNA complex having reached the nueleus- Therefore,
the - method according to the invention also allows the
intrcduction of peptide-DNA complexes into the nucleus of
eukaryotic cells.

TABLE 1

Cell type ' Conditions %+ after %+ after
3.5 h 24 h
PBMC
CD4" (Ty cells) 1000V 40us/2.2A 30 - 60 35 - 70%*
30ms
CD8" (T¢ cells) 1000V 70us/2.2a 20 - 70 35 - 75%
10ms
CD14* (monocytes) 1000V 70us/1.0a 30 -~ 50 10 - 20
| Tms
CD19" (B cells) 800V 70us/2.0A 10 - 40 10 —~ 50%
30ms
CD34" (stem cells) 1000V 70us/2.2Aa 40 - 60 40 - 50

10ms




transfection following of K562 cells, a peptide portion with the sequence
was used: NH2 GKPSSDDEATAD, SQ—|STPPKKKRKVED COON. After thd4iSERDEMBER 2004
conpl exes were transfected by a pulse of 5 kW cmfor 70 us, followed by a
current flow of 2.2 Afor 40 ns in CHO cells, and by a.pulse of 5 kV/cm
for 100 ps, followed by a current of Z0A-for 10 ns in K562 cells. After

i ncubation for 4 h at. 37 Cand 5 % C02, the cells were stained with CY.5
coupl ed  amlyilH2Kk &td body, and were anal'yzed for H 2Kk expression by -
fIOM/cytog%%ﬁ¥ Figore—8 shows the effect of specific binding and

unspeci fi Ceraction of PNA p&8ivde Aty 2udct or DNAsoON. the expggssi gy of
a reporter construct, and therewgta the peptide-DNA conplex having reached
t he nucIeE Tgprefore t he net hod according to the invention also allows
t he |ntrﬁgﬁ%%;%ﬁheﬁﬁﬁéﬂfﬁhe-DNA conpl exes into thé nucleus of eukaryotic
cells Cel FetlypeTABLE 1 a+ aftero+ after Conditions 3.5 h24 h PBMC CD4+ (TH
ceIIs)lOOqugg S/ 2. 2A30- 6035- 8§gv 389659DB+ (Tc cells)1000V 70-s/2.2A20

7035- 75* + (nonocyt es) 10rs T#000v 70psBL. CA 50
Tms
Fibroblasts 1000V SOus/O 1A 30 60
' Tms
Cell lines
. Hela 1000V 40us/2.2A > 30 n.d.
Tms
CHO ' 1000V 50us/1.6A 20 - 20 n.d.

10ms




+ (B celts)l ms 10- 4010- 50* 800V 70us/2. OA 30ns CD34+ (stem

c(::gﬁlgs) (1‘000V 7025/2. 2A40- 6040- 50 10ns 14 SEPTEMBER 2004 - 13(8I|§IT'[EMBER£004
cord HUVECB00V 70us/ 2. 0A 607080 --90 Enbryoni c chickenl Oﬁ?OCiA éel linest
Neur ons800V 40us/ 0. 1A3050 Fi brobl astsl nms 3060 1000V 50}zs Loy nest
nms HeLalOOOV 4Qps/2.2A >30n. d. CHO ms?l 80n. d. 1000V SO, |s/OI .
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CLAI'MS 1) JAgnbubed ,f @r. i miadustang Biol ogisably aghive nplecul es into

circult
the. nUC|eH§r9gth3H for the electropermeation of living cells




eukaryotic cells using electric current, the introducti on into the nucl eus
of primary cells independently of cell division being achiéSEPTMBER 20684

having a field strength oft-10 kV/cm and a duration of at least 10 As and.

a current of at least 1 A 2) The nethod according to claim1, wherein the
field strength of the pulse is 3-8 kV cm 3) The nethod according to.
clains 1 or 2, wherein the pulse has a duration of max. 200 gs 4) The

met hod according to any of the clains 1to 3, wherein the pulse is foll owed
without interruption by a current flowof | Ato max. 2.5 Awith a duration
of 1 ms to max. 50 ns. S) The nethod .agcording to any of the claims 1 to
4, wherein the biologically active nolecule conprises a nucleic acid, or

at |l east includes a nucleic acid portion. 6) The nethod according to claim
5, wherein the nucleic acid is presefg in conplex or in ‘association with
pepti des, proteins, polysaccharides; pﬁﬁds, or conbi nati ons or

derivatives of these nolecules. 7)' The nethod according to.claimb®,

wher ei myt he l.es. conpl.exed or associated with the nucleic acid are
used fgr) théf%?‘@é%’%‘f%ﬂ § Malogicatls sative eablennddsdin tReingdldug of egenone of
the cell, t hekarpdticasells hisiak el-R6R o\ ign.qr retention, the assocClation with
t he chronathg" $r t he rgéula??g%&%%;@ﬁg&gyﬁggggpgﬁﬁe$¥d¢ﬁéf@énhqd

accordi ng t 8" CI"BFFREBIenR éﬁ%dwh@HMMMe&mb%@ﬂaﬂﬁ%%ﬁ&ﬁ% el

aci d which aifz?-lu‘:’ﬁ’?‘crﬁ%dégﬁ?bgéggr ti o of the transferred RICFSi®2acid in
t he genome of 14 SEPTEMB Cg Jeastl § pyande eursmpotasiieast kA, f rom t he group
conprising retroviral integrases, prokaryotic transpasases, eukaryotic
“transppsase -speci fic reconbi nases, topoisonerases, E. coi

rech, B col & agt e eordBE Yo daitn | sihegpin thafeald atrenpfiogRthdptiestisisd cagh phage A
"“terminase. The nethod according to claim6, wherein the nol ecul es conpl exed
or asqgciapﬂg W&ﬂh t he,.nucl eic acid which are used for the intranucl ear
retentton or the %%%%5’817‘1&?3E?rF.ImWFtlwr2cWhmmIthapnl@m§a5cﬁuﬂiU’ﬁBdf&§ax%o%he EBV
protein EBMA-1. 10) * The met hod according .to any one of clains 1-9,
wherein the eukaryotic cells are peripheral human bl ood cells. 11} The

nmet hod according to any one of clains 1-9, wherein the eukaryotie cells are

4) The method according to any of the claims 1 to 3, wherein the pulse is followed
without interruption by a current flow of 1 Atomax. 2.5 A with a duration of 1 ms to
max. 50 ms. -

5) The method accorqing to any of the claims 1 to 4, wherein the biolo gically active

molecule ct?'rnprises a nucleic acid, or at least includes a nuclejc acid portion
6)

The i i i '

method aceording to claim 5, wherein the nucleic acid is present in complex orin
assoclation with peptides, proteins, polysaccharides,
derivatives of these molecules, |

lipids, or combinations or

7y The method according to claim 6, wherein the molecules complexed or associated with
| the nucleic acid are used for the integration of the transferred nucleic acid in the

| genome of th§ cell, the infranuclear localization or retention, the association with the
chromatin, or the regulation of the expréssion.

8 . [ 3 -
) The method according to clajm 6, whf:rem the molecules complexed with the nucleic

acid Whl,ch are used for thg integration of the transferrf;d nucleic acid in the genome of




pl uripotent precursor cells of human blood. 12) The nethod according to any
one of clains 1-9, wherein the erkaryotic cells are enbryddiSEREEMBER @004

human, rat, mouse, and chicken neurons, 13} The met hod according to anyone
of clainms 1-9, wherein the eukaryotic c&kt+<L are human bone nmarrow cells.

14) The met hod according to any one of clains 1-13, wherein the transfected
15) A use of eukaryotic

eukaryotic dhé ksl aefeldst rgdiagnosti ¢ net hods.
celI's transfected accor%ieﬁg%{ﬁomgglar?g?HBIEFPH?m%FeéT%ﬂlm@grasé@prokm@ﬁgri ng a
drug for ex iAP8PQsases Qlﬂfwaﬁqtansposasés?seﬁg%—%ﬁe%ﬁgrécnﬁ]@m Lon relates to a
novel net hwt@ﬁdi@éﬁéﬁ%&ﬁ Itﬁra%z ort_of DNA anhd/ of  OrHera8Sol ogi cal |y
active nol ecul'es 1nto thEAKE sC@ffeéﬁk@rwﬁMd,ph&gesAﬁcﬂg,h%)ee&rr%&‘?al
current, indépénbagetA yerfimage cel | division and with low cell rtarifty

9 . " * - .
) . The method according to claim 6, wherein the molecules complexed or associated with
the nucleic acid which are used for the intranuclear retention or the association with
chrc?matm comprise domains of the ERV protein EBNA-] .7

10) ° The method according to any one of claims 1-9, Wherciﬁ the enkaryotic cells are
peripheral human blood cells.

11}  The method according to any one of claims 1-9, wherein the eukaryotic cells are
pluripotent precursor cells of hunan bfood. | |

embryonic cells from buman, rat, mouse; and chicken neurons,

- 12)  The method according to any one of claims 1-9, wherein the eukaryotic cells are
13) . The method according to any one of claims 1-9, wherein-thc eukaryotic cells are

human bone marrow cells,

14 i '
14) The method according fo any one of claims 1-13, wherein the transfected eukaryotic
cells are used for diagnostic methods,

15 ' i '
)  Auseof eukaryotic cells transfected according to a method of claimg 1-13, for
preparing a drug for ex vivo gene therapy.






