; eSQVI R6TV W CIRCU T ARRANGEMENT FOR | NJECTI NG NUCLEI C
| OLOG CALLY ACTI VE MOLECULES | NTO THE NUCLEUS OF H GHE il
“USI NG ELECTRI C CURRENT 5 The invention relates to a circult @ J nt for
i nt roduci ng nucl ei ¢ aci ds pept | des, proteins and/or ot her bl'fﬂl%’gl cally
active nolecules into the ce nucl eus of eukaryotic cel nmeans of

electric curr@fﬁCUHrA'?%ﬁNpﬁMEN-%Epﬁe'WEQFW%IN LEd@IﬁC'@grAN}% TWER

subcel I ul ar pambmcicﬁ@Aam/A@‘rN@M@mMé INED Mzm&cemseﬁ HIGPRi sting of
at least two storage devi ces Cguantlt es_of tric ch arge each 10

supplied by a high- vai4GeRf2 Y@UM bbﬁl%'“ﬁl@kﬁ@%@ HABRENT | east one power
sem conductor for transferring the quantities of charge present in the
storage devices into a suspension in a cuvette and at | east one nonitoring
devi ce 5 orTh@dnv@tldmgelates tm\aecir@émaaangemem forlmtBamcgrg)mmdlem alchts

I nvention SI f‘fe t he F .ace of, act hon l:?fl euk DI\@\ 8‘3 etce ﬁleus
DNA suppl i BP1HEm RIG NNl UREELIPRECH X|%‘E}§’e| PEIPS { 0 ?e&ﬁ out .
Convent i ongliclén£8s EarRASNC ré@tléawsfn@ahy ob eletw.@b@#éntt oRfeP®Eet trédtnidNf of hr ough
the cell 20 nenbrane into the c asm i s only because the nucl ear
menbr ane i eelisesplhdgrivatjvas, wbwéﬁaﬁgamﬁ@& anrd/pevesigiesi witho plestrich cgtient,

eukar yot esc&r{k‘”i‘én r%ﬂgre exa&"tﬂx&%ﬁ?@qehévf@é fr r%%%n% of gfecht ¢ Eﬁ‘ﬁ\lgepé%?' ns

encoded by™i presse

(ol i gorucl eupplidasdy easighivoltige p‘d\ml su;i;iry whith bheh mwesatqéaétrmwenpch@ar
menbrane. For the effective transfection of 25 quiescent or weakly dividing
celI's it isemieqaddelosdantransigring the avantlias ehshafgechrasgokin e plosage t hat

| ar ger C t ucl n

s £1 ci entOaneey MG SRbSnolfi UooRehel e e st Brist lofiAbn T dRL R e

possi bl e |¢bd1rcgllir€g:;tr@4k@w|0$emlcoadhstor30 State of the art It has been known
for sone tine that DNA froma buffer can be introduced into cells with the
aid of electric current. However, the circuit arrangenments for

15  Background of the invention

Since the place of action of eukaryotic DNA is the cell nucleus, DNA supplied
from outside must enter the nucleus in order to be read out. Conventional
transfection methods only bring about transport of DNA through the cell
20 membrane into the cytoplasm. It is only because the nuclear membrane is
temporarily dissolved during the cell division of higher eukaryotes that the DNA
can passively enter the nucleus so that proteins encoded by it can be
expressed. Only very small DNA molecules (oligonucleotides) can diffuse freely
through the pores of the nuclear membrane. For the effective transfection of
25 quiescent or weakly dividing cells it is thus necessary to create conditions
which have the result that larger DNA molecules enter the nucleus through the
nuclear membrane in sufficient quantity. The circuit arrangement described

here makes this possible in higher eukaryotic cells.
30 State of the art

It has been known for some time that DNA from a buffer can be introduced into

cells with the aid of electric current. However, the circuit arrangements for
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-2 electroporation described so far are based on the transport of DNA into
t he cytopl asm of higher eukaryotic cells so that the expression of
*transfected DNA remai ns dependent on thf di ssol ution of the nuclear

menbr ane during the cell division. None of the circuit arrangenments for

el ectroporati on knowmn so far is 5 concerned with bringing DNA electrically

speci fi cal ¢|9ciir¢m;rlatim daseriead sof faii aeebaserk anythel taoepors of NS, into the cui t
ranoport AORERRSNARET ANRLTGNS BISRE AGRE, Sl R B

Ri chnond, refeigd 88pnddit slesy tiseslution i ahé intickauimembiarsd dushg tiee wbll ch can

provi de a maxj mum of 3000 V at. a maxi num of 125 A by capacitor di scharge.
US Pat ent 4Vision. Mg ebiha et frrangementy fopeleghopprglionkieyn gesfer ives a

speci ficC eqy r | i FIToNTRN i of
pul ses 5?5 @ﬁr@@%@@r at ggﬁfs;lmn%\g{luv\(gn%eEarIat&eﬁ%mr'@%tqﬂgg&@ee% H(—Eil\%g%r it
is not claeukeyatic sdlamThHusata tinesie apahgementfer alectibtransfestions loptindsedeyond
the transport of DNA into the cytoplasm US Patent 6,008,038 and the

Eur opean FfoQFﬁC"}%%PPE%’P?(SWFEPOé IBE6L KIAVIA1 20 (Eppendor f - Net hel er - Hi nz
GrbH, Hanburg, 1998) describe a device with which short pul ses of 10-500 Ns
and a maxi num of 1.5 kV can be generated but again give no indication that
certain cod8i Patard 4360d1 00 dbre oBiveRady Lalgo@iékidsnt BichhendlcU8As (1285)None  of
t he circui rangenent

ar . known so.far i.s optimsed to ke it possible for
DNA. arfd) or SSTRBRS F QGTIEaF Y PEAL Aryeiies A £8 pRaf o Mgfom of
tran_sporte@bomvcattahﬂaszmlbmrwazgyﬁbwchbabw&gérharta@rtallty- The obj ect of
the invention is to provide a circuit arrangenment which makes it 30

possi ble for DNA and/or biologically active nolecules to be transported

effectivel ol §t0 cleus with | ow cell nor i -
Desr | pt | o SoPABRL SORSERES SHEPRiIaPife: Ty SarvReERe te {98 LeFPR 2 0 ¢ ne
i nvention dgediffc @cixﬂwrféﬁd strhafuré g WhitRtmeams aas tHRM 6falpturalBr gfsuIvés h t he
preset voltage (Ul) as a paranetér and the
15 can be generated using two separate current sources. However it is not
claimed or shown that these pulses have an effect which goes beyond the

transport of DNA into the cytoplasm.

US Patent 6,008,038 and the European Patent Application EP 0 866 123 A1
20 (Eppendorf-Netheler-Hinz GmbH, Hamburg, 1998) describe a device with
which short pulses of 10-500 ps and a maximum of 1.5 kV can be generated
but again give no indication that certain conditions could lead to conveying

DNA into the nucleus.

25  None of the circuit arrangements known so far is optimised to make it possible
for DNA and/or other biologically active molecules to be effectively transported

into the cell nucleus with low cell mortality.

The object of the invention is to provide a circuit arrangement which makes it
30 possible for DNA and/or biologically active molecules to be transported

effectively into the cell nucleus with low cell mortality.



5 second storage device is charged wwth a voltage U2 = R x 12 x K2, wherein
Ris the resistance of the cuvette and the suspension contained therein, 12
~s the desired current and K2 is a corrfction val ue which takes into
account the cuvette properties and wherein at |east one first pulse with
the capacitor voltage (Ul) of the storage device can be transferred to the
cell for aDpsexption®fithednyemtiomy control ling a power seniconductor. In a
devel opnent of the invention it is provided that without interruption at
| east one second pulse with the capacitor voltage (U2) of the storage

devi ce caninadrgder keséipdlthedbjeet hbeoraingelol thellbivaraii iold progidedapeethe first
sem conduct or, wherein the 15 delivered quanti t)(/ of charge in at |east one

sel ect abl eStorage devies imrhargrdpthhihes preset wpltage (Hohds arpaigmeden erd theher ei n

t he preset g LY O, i ned_ : i vered
quant i t% Y of cEar%gra?égﬂ%dﬁé%gaémﬁﬁga%ﬁtHeéc\@gggﬁg@Zt h\g( 32%?‘?{2%%3%‘ .'?3‘4’ of
char gg, I t hhepmslstf d arsEsTD tmwuuzem%iar]dblmgmerﬁbd noa?!ihef]d tiverein, tihés tf;]e
possibility q eterm ning the delivered quantity, of charge using the
current fl%%"iﬁj’ £PERM ﬁ‘@gsK@r'ﬁg% Ceeractien ‘é?“t’%r‘ﬂﬁ'ﬂ‘v@kﬁst 'I'i'go @C@%gt &8 r ed

quantity o ‘Rﬁ%r [ Sti it h C | . deld ty char ge
in an int e{:l{/a o? théer?r%&%n og\ﬁ\re\é\%bh?%gg%é éﬂ%eférg?rpgdﬁgggggﬁgeé dqaggé{i ty 25
of char ge, valtagep(iw rof dbai storaghecdevice <abl be kethsfébred o she cetidoom, paseendi ng

on the pul se e used and the nunmber o ul ses, the time interval which
oan belCel B8 TG 2 PRMeRPBRCv AR Tk ui dual |y pr edef | ned 1
order, for exanple, to determ ne the delivered quantity of charge during
the first or each subsequent pulse. The delivered quantity of charge can be

det er m nedinby dseeldpmentohtheginvaetieh itfie peovided thatesthautinterrupliorabt tgast ge at

i< poseont 8ot RO NG s aBla Wiiser b B iR Bl B8t Rah i, “Gne

of the at peapplibtQoIheragetdeny eshtrbfing e power Scrhic6HdlctbRrshheinies ei n
each stor a(g@ef device is -4 assigned at |east one high-voltage power
suppl y15 a delivered iawgntiw Pt eharge 0 gbvedstsene cieriabler time intemvef sentbe

quantity o t h t aj ni G pDens| . t he
ut se 7 anBPaael py Yo ofichliig devRR, Wit 18 a7 skt PESRET LB, Bt ors
a pul se ofciarg® kVcompaded ngitta tHer attuan deflivéfedd qlLBtitYs ofincharge uangnén
density of at |east 2 A?cm2 and, without interruption, the second power
seni conducieschingpispeeedingihe deskadiavgniitcol shage dhedrqwerosemicondueterp and
a maxi mum dyiatdgen of 100 ms. The tinme interval for determning the
delivered quantity of charge can consequently be specified with the
deliveldy of a first and/or preferably a second or each further pulse. 10

The delivered quantity of charge of the.second pulse is preferabl

roni tor ed aRgRAn RetheypesHBIR”of Helermufing enBeludTeta ATLE of divdree

speci fi ed @Mngwmabuﬂgntt h@wﬂﬁﬁ*frro‘ﬁﬁi tAgadtordge Aevidiar Sterhhtively Ncapidset
quantity of charge delivered by the neasurenent time and ends when the

desi red quéesifedyquantity ofhehaggeiis qorapdied witll thacaciual delivaied rauantity 6fcl e of

1 nsec is i t. 1y ne itV h i N
TS ek F ol A S T o SRR AR SO
pgwer Fem eloghirgé dhe Gowdraseioshdsttons ieskBd Ori this seEsbidn, elbpendirig dry of
char ge )
ge ( QZt)he pulse shape used and the number of pulses, the time interval which can be
selected for the determination can be individually predefined in order, for
example, to determine the delivered quantity of charge during the first or each
subsequent pulse. The delivered quantity of charge can be determined by
30 determining the difference between the original charge at least of one of the
storage devices and the residual charge. In this case it is possible that
according to the number of pulses used, more than one of the at least two

storage devices is used in a circuit fashion wherein each storage device is



20 Alternatively it is possible that after at | east one predetermned tine
interval after triggering a first and/or second pul se, the flow ng current
‘is measured and if this exceeds or faI_Ii_ bel ow a desired val ue, the pul se
duration can be readjusted in order to keep the delivered quantity of

charge constant. in another alternative it is possible that after at |east
one predet @?ﬁ'ﬁ?'ﬂ@ﬂi atjlaast ‘?ﬂ%f‘iﬂi]‘v%{ﬁg@r POWEE FHERYr !%ﬂ‘%"tpf'ﬁgtd%’r'ﬁﬁ éndsacond
pul se, thepblvai dnfBhistbr | TRARHICthaddriind Nor BiFEETR Ahe! Blilgugel oW a
desired value, an error nessage IS generate give awarning to the user
of the devcaaining the Eell suspemsion. Fos shd pealsehednshért ieis pitovideaisthaotiee first
predetermned tine interval after triggef]%n%ezyji rgt _and/gr second pul se,
the flow nBOVEF PERICONYUROASAEIEraAPYIFE Phis Uk WieByBaynd s vraline Wi
desired; vah g us3hd Beuent UBAsHAbLS lepisf STt 8fd, Wﬂh@ﬁﬂﬁﬂ%ﬁﬁqﬁﬁ{ Fhat ne
any necessary constants, especially of the cuvette used wth the cel
suspensi onse¢andcpowee sempoindadior hiansterp rrepilse revingre asuresrelensidy of 2 -5 t he
resi stance, of, the cuvette with the cell .sus sipn i.s, made. The ot her
necessary bACTE AR AL PEpE B p) T3F el e BNl os P raining
necessary feedéliveRst Bamity ©F charge dtf€ondelquiehtly BesspricARdnRRBs tHY 8efiveryise
retrievable data via a card reader. The card reader can also be used at the
5 sane ti nefadrstepdéortprefarably aueasoindersfachiiurther palge. applied to the cuvette
or the1d;urrent flow ng through the cuvette for docunmentation purposes for
one or a plurality of pulse delivery processes on a comrercially avail able
menmory car fhe duliser@nguantt@iod dhargy of ehallerond iy id prefeaimy hdrtored
storing the pulse paraneters to be set. 10 As a result of the circuit

regul at i onwherainethgupwitchieni ey (T hef thearserend opulse ecamies sgedifigdabyity of

F ! ! g ok '
for ane pufQLPaiRE h@idhie Gudiihy, B hafdel A A SRRRUSIARI B Blarog sy
quantity ofeileredobyathevehéasaserdenviifrieobhddemimiviben te desrw@®i dLamtiyy bP

damage to the cells located in the sanple can be achi eved. For further

saf et y'f EhRI9gJereashed ARd yhigreiBsa measuremest eYdeioddamsgats arovided air r ent
cutoff is i r i RU 4 v urrent
cutof 1 nulCBIPREE thetact, bh A chRte, MRGRR XUirBULRE gkl TR S LT o
t he event c¢aépacior eslibgeidacréaspsvakpoeniinly endetheedowa0 s€hdcdndyictarotamge

pul se of 2 - 10 ,kV cmdescribed is..syitabl.e for creating conditions such
that DNA c8® bﬁ%ﬁk&g%@aeﬁnnﬁ tHﬁ@@E@eHW@BhWﬁmﬁg%?&?)he cell division. In
order to keep cell damage low, this pulse is limted to between 10 and a

maxi num of 200 ps, preferabl éelo - 50 Ns. This is sufficient to achieve 25
t r ansf24tt i Bheinadiwglynit dhtpogsiblse that ftarsatoleasFoneaxedptermined hime $Merval si ngl e

endot hel | aPeEPoBEER IRt AR bE rEGRPbYEY e Hon G RET 1S herdlitande o
| ower fi elid thist exsiddg or fdllevieslowua Idessired tvatugt iheOpulerdratiof &ia®i by reut of

| onger duration, follow n% wi t hout interruption influences the efficiency
of the trafRditgled ipPrdgs to keer e dglivesgd qyantitygpf ehargrtqapstasiteln apethent

density, tBGksmBHiSt i§j56396fe3fh%i aftba Mg%%ﬁé ?rr]é&éeﬂgfiﬁin%tthnéii teheal Gelel

damage. An optinmum current density or durati e second pulse 1s

obt ai & diiggedng @ fist amd'oc sédcorid/pasentteslomdng icuirept isfmeasuredldnd iSthid

conbi ned pul ses, ar {ognd to be Oé)ti mal 23 for exanple, for Pr i gary, human
exceeds or falls below a desired value, an error message’is generated to give a
warning to the user of the device. It is furthermore possible that after at least
one predetermined time interval after triggering a first and/or second pulse, the
flowing current is measured and if this exceeds or falls below a desired value,

30 the desired value is readjusted.

In order to determine any necessary constants, especially of the cuvette used

with the cell suspension, it can be provided that a preliminary measurement of



-

-6 dermal fibroblasts or nelanocytes or various human bl ood cells. In
experinments using different cell lines and expression systens, the

foll owi ng was shown: the higher the cu[$§nt density of the second pul se,
the stronger its influence on the transfection rate, i.e. the percentage of
transfected cells. The |ower the current 5 density, the nore the second

pul se causts REHapra of Hhies sovette with dle |eellapusrenpian ihdnade.edheyothee fir st
S
u

pul se. The [ e e d cel L ncr i .

et easi ngnBesg ufdee okBtRelehy “pl TRIGFbE, rie'spRAdf ARRGRIN E |
order to neecdssiany aspeciidds dycehteriigea fcodecantis othusf akbe pbssibkf ect usw rat e,
the expression level and the cell vitality, the pulse duration and current

density 10'edpeyable datavip surad rRadert hbe Saed depdercemn @h1Q eg. ussd aF d® to
achi eve; pr gcisq; I t i

suspengéi on?ﬁr%qgﬁ%;%efsgérsg eéﬁﬁ%%@ﬁtﬁﬁ%%ﬁ?@%%bgg&aﬁ‘gm?%@&?Lg'?%e IS
cont r ol | edcurrentoficleingt ihraugit thd cubette dor docuraéntatigh lpwposes f@enbnelemsaty by
a 15 sel ectabl e capacitor. voltage of the storage pnit, the resistance of
the cuvet t BluBIfy R RUSE JeluaE,aiREEsRes SRS HBME Hal LPHAIARE MeMBREERI ned
initially. This N@%}J@%’é}{d_tigaérefé?éblge@eﬁ anffe Qhirid Bnfelithtdi6ANYNRE YlAsET

al um nium el ectrodes varies during the pulse as a result of el ectrochem cal
processes. patametery fodté eet.i s t aken i nto account by a pul se-specific

pr edef,,'cdﬂed correction value. Thus, 20 precise pulse shapes for the second
pul se can be predetermned using U2 = R x 12 x K2 by controlling the
charge, whage Wsiif of ke GiieaR i regllaYiohtGo®eVbilbe WHIivEnL NRe StAHAGE oflgé Ce iS

charged, R is the resistance of the cuvette and the cell suspension
cont ai ned endsaged quaniity of khamess is bgsdoenitated dm@ nefiable andkagvantegpeuds fi c

ti di t i i hm tt
Cosi ot ancoasniatiat Baek b P FHRBAES pBiraldf shd Fy R iRE A lrFnger ! ©
delivery byf agnbyéinguantitgof chak%eagg vigliHas akeshtrdlled meARGIVNg & @b/ AgYY i n
t he cal cul ati on of the vol taigqe§j 2. Since the resistance neasured before

pul se el i dampgedo dhprels bgatas indhgsampie conbeehieyes. t han the resi stance
during pul i ve r Erqp% f elegt.ro i rocesses,
it is foung&t gﬁjgléé/raé%{/fgt ggggus % %?(;(gla‘%;e/ssa gﬁ%ggqu%g h'é F?@g[gse?:#lhcag to
cal cul at e dvvercoapaticutnff wpradeed)Iorashe fipstr anbtezich subsequeet gruissd The

enmbodi rent of the jnventjon the resistance of the ette is 7 nmeasured
bef or e ¢ neOWIHEREL AL ol Bt PloBrpidsapFeds t6t nriter Brasy 1o
determ ne yhetiReke LOESt thb?éré@eﬁ f?r'nﬂir@ wigsehideddepelist ance window. | f the

nmeasured resistance |ies outside thi's window, there 1s a fault and the
pul se delivery is not released. 5 For every cell type optinmm conditions

can be estaplished for transf ion transfection intensity and cell
vitality. ThedigiYplRbe PRRE G hen R om' GERIHER' s PutdliReRr dredfiRg of o
intensity essbifolatuem tedt DRA Ean ehtd?the ceinslididiid indepeHa&Rtnf of Heerelity or
current density and enpirical duration of the second pul se can be 10
sel ect ed aflifisipt-ilmardebinikeep well damageriow; this pulsans lignied oobetwaenold cel |
types via d : Cld At t .a C e ed 4,k vant. ous
fashi on fo?n(g%eﬁ‘ta?(ﬁ@?qeécftlﬁoﬂnhgf %eﬁggggﬂ o?é] |i/iT %n'(g; %@ﬂ@??@ﬁ %a](i:'e s. In
t he sate wamnsfeetian indapendéntof caligtivision. Fer akampayisuahlaeshat singie high-
transfection of primar ells such as hupan, bl ood _cell s, pluripoten

@Fqgﬁ WIgkh NI 19RE OBPIMKEL rHUﬁd’f?”ﬁf%"BBl%%)%‘J,{’”éﬁ@gtcﬁ $ial

precursor ¥ : _
cel s, musghf ! himah JIRbREAEIE SARAeC 8riR pAsH of Wwdl AlaGHehSitp BF POSES
or for the manufacture of a medicinal product fTor ex-vivo gene therapy. 20
The ci r cui lowarr aurgente streagiboodi awgrard  démsitynbehtdf olongsr fduratien,nfolievang o
suitable, f exampl e, for el ectrgfusion, i.e. t hods. for, the fusion of
Cell9) cel MihYE Dlgyion Wilierss, s Stigincy dfdhg dnsedfiory A B59hehns of
el ectracc Ciie' ighifica®f Riwdr dubfen®¥@RBItE ThishsuiseLhs pefsbl sigRificdAlly pger
subcel lul ar particles and/or 25 vesicles are initially suspended in a

sui t abl e dwiBilitie icall slanrgre iz ocpimum srrephdensity or duration of the second

pulse is obtained depending on the cell type and sensitivity of the cell. Such

combined pulses are found to be optimal, for example, for primary human



suspension is then transferred to a cuvette and finally an electric voltage
Is applied to the el ectrodes of the cuvette and a current flow is generated
‘through the suspension. Alternatively, for exanple, adherent cells, cell
derivatives, subcellular particles and/or vesicles or however, also
adherent cells with 30 suspended cells, cell derivatives, subcellular
particl es dgrmaldibrokiastenr relangeyas orivarievs bumarsblpad gelledd expsimentsl her e

gener at es Al ' ' LLJES.: 1 i .the
orrect  natnsinl bl Mg LaRESkPLASIE oo ST WES HVBEE e
nucl eus i nisighenthentédryerstfddrisity e khe devdrsd polse Thesstrdngdr Gtsi infledsdet bigsher e far
above those normally used for el ectropaoration and far_beyond those

suf f i ci ent"#RHeedan Btente-dhematgeripoe iRl tssiacted celie e lowesihe sHEepbn
averagg 1 kMG alﬁé%@Ié‘QhéosédHrﬂu‘ptﬂhsel%g@se ure %Nﬁ\eﬁgﬂﬁ%%r% 7i|]gtc())r5);ells13 The

subj ect matter “of the invention is us a circuit arrange
i npl enent i aliead ynrahsiecleok by the didstepulge.nlibé expressials Jevet pf ithie sranpfexted ns

d/ th hi ol [ [.)y. ti I I ipnto t [ 1. I i gh
eUkar yot | CRINEreaSpR vt mefadsine Brs urapat BubretiBe FRcBB LU PBRISHRD L ne.
nucl eus i scaghiiRYRIEAY rAaikthin 'y &r@p&@vaéms;ﬁicfﬂﬁ%ﬂgfd?b%%Irxgéfgé@oﬁ r4es that

sufficient for opening the pores in the ce rane and uration of at
| east 10 Nheaampression neved amdribetoellofitality, teapulse diratior androriemt dedsity i on of

nucl ei ¢ aci epti,de rotfeins_ and/or other biologically 15 active
nol ecuﬁbes ?ﬂf‘g %%ﬁgngéﬁuigen'%b'lsth N @CQE‘?IPE%E:*d by a pulse of 2 10 kV/cm
preferably 3-8 kV/cm wherein the pulse is a maxi num of 200 Ns | ong. The

circuit arrangenent is designed so that the first pulse can be followed 20
wi t hout i ninePrdesttp crchigven peegise sontrpbal e ipkipeaactualye gelivernedi toythss call A2cm 2

o mum of TR I ol B AR Ao Pociisted ERhy Bl cheleif, ' °
ar r angenengoritrdiled. tin asvelee abi @dShtﬂﬂStHebbarréﬁg%tr@hgllfiﬁ opfedrhant cdrisitgSbgii si on,
y

in addition to dividing cells, quiescent or wea dividing primary cells
can al'$o beelectahler eepadior voltagaaf theetteraasquaibivibgi iesistancenelf egykeyétte

S Yot SR BB il P PO AR5 e AR, porbd o nd
ar rangerrenfo-uadcmladithg fesistdmice of the cuvettes when using aluminium electrodes
varies during the pulse as a result of electrochemical processes. This variation
is taken into account by a pulse-specific predefined correction value. Thus,
20 precise pulse shapes for the second pulse can be predetermined using U, = R
x Iz x Kz by controlling the charge, where U, is the capacitor voltage with which
the storage device is charged, R is the resistance of the cuvette and the cell
suspension contained therein, I, is the desired current and K; is the pulse-
specific correction value.
25
In one embodiment of the invention the ohmic cuvette resistance R can be
measured directly before the beginning of pulse delivery by applying a test
voltage and taken into account accordingly in the calculation of the voltage Us,.
Since the resistance measured before pulse delivery is subjected to larger
30 fluctuations than the resistance during pulse delivery, presumably as a result of
electrochemical processes, it is found to be advantageous to fixedly predefine

the resistance R to calculate the capacitor voltage U, as a parameter. In a

preferred embodiment of the invention the resistance of the cuvette is



invention can also be used for diagnostic and anal ytic purposes to produce
a pharmaceutical product for ex-vivo gene therapy. ~g_The circuit
‘arrangenment according to the invention pakes it possible to achieve
transfection i ndependent of cell division and thus to considerably speed up
transfection experinents, In transfection experinments using expression
vectors, dneasdlegsbefose dbe gargmescemenbtolpusrl deliverys raardiess fnthisain be
made even &dg[ft(?}ﬁelf'é)r'l’r{iﬁe %ﬁ?ﬁ%lt (s k8wt gﬂ?de ilﬁ%dcr(égfégéﬁce Wn(?fog\g'lia ally
active nol ecul es” neans peptides, proteins) polysaccharides, ['Ipids or

conbi nat i ahe rmeasigedvrasistearedfest htsiderthisewindesy, dlsereds @ fasilttanaythdgugdeop a
biological affinjty in the cell. 10 El ectroporation buffers having a high

i oni ¢ st r IRJVENAISIIHirgleaBees er capacity are especially suitable for use
with tlke circuit arrangenent according to the invention. 15 The follow ng
protocol can be used to introduce nucleic acids into the cell nucleus of
eukar yot i cFaedvesy cellhtydbptimunkcdadditioms tan dedesipblishetifoNrabbiactore ratec ubat ed

in 100 NI el ect ti buf f tte hayi 2 i nt | ectrod
Lo o 10TaRsIeGtioT ien el m sl B, i Bohefonad bt dtabl ot e ETedt  ho
condi ti 0”Sar@‘é‘ﬁéﬁrﬁéﬁ‘lgthbqﬁél@%tbﬂyiﬁn%hg{)&grét:imgf meﬁmét Blisar Ay ﬁlm_ia?(&uh'&gt cells

are washed out” of the cuvette w't pl of ce cul ture nedi um an
i ncubat ed iftansity ari qureent 3ECsitTlaadcempiical dutation ¢f tieestaomd puisgT@nviee m cel |

he. or'Det rorae: o GPUau Cridal SR b +eBi B B YR8 2

or 1 mm fiYpe&¥RiPledeEvi dence that the nucleic acids enter the cel
nucl eus i ndependently of cell division can be furnished by anal ysing the
cells which have not divided between transfection and analysis. This is

o or Cexamd dTeBtTaBRSeB¥nt RensPe  haTR ) FuyRn RS sy GEME  or "
di vi di ng cehhsdedtiornof quiassstit or diviging kakasyaictadlist Ithefseaid aayahe airtiife when

at nost a fraction of the cells can have divided @ - 10 The follow ng
abbr eVidat | RANGaBeNis @lshsuitahle fsrihe dranglacdion of peineary cellg such as human

o on won aEE SR AR hbeaRtl | AAE TR M ot HREKRR a2
fibroblasts, endothelial cells, muscle cells or melanocytes and can be used for
diagnostic purposes or for the manufacture of a medicinal product for ex-vivo
gene therapy.

20
The circuit arrangement according to the invention is furthermore also suitable,
for example, for electrofusion, i.e., methods for the fusion of cells, cell
derivatives, subcellular particles and/or vesicles by means of electric current,
wherein, for examples the cells, cell derivatives, subcellular particles and/or

25  vesicles are initially suspended in a suitable density in an aqueous solution, the
suspension is then transferred to a cuvette and finally an electric voltage is
applied to the electrodes of the cuvette and a current flow is generated through
the suspension. Alternatively, for example, adherent cells, cell derivatives,
subcellular particles and/or vesicles or however, also adherent cells with

30 suspended cells, cell derivatives, subcellular particles or vesicles can be fused.

The circuit arrangement described here generates very high field intensities of
2 to 10 kV/em which have the effect that DNA and/or biologically active



The follow ng exanples illustrate the invention but should not be regarded
as restrictive. 10 Exanple 1 Transfection of cytotoxic T cells from hunman
‘bl ood Freshly prepared unstinulated (nagp-dividing) nononuclear cells from
peri pheral human bl ood (PBMC) were transfected with a vect or Whl ch codes
for the heavy chain of the nouse MHC class 1 protein x 106 cells
t oget her vmplyﬁcg lescarsenter e nyeleprandependanthy f tha\ﬁqﬂgilasmng Fr hege ffield

capacity (afotex a‘?EF f:]? ﬁée\&[{yoggvrllog@agy 31%8 Ly %\eéﬁ? r?% ‘éﬁ%éiZfanéwz&?d at

roomtenrperatureln AN 1 Nt 6F e eetT 0

transf ect ebloby sauffiddexk fbrpeﬂfnsenbfopbaﬁmg\lsf dloie qjdreﬂ,infthbl omemémbaarm(crrent

fl ow having a currer)t density of 5 A?crri nd_40 gg? rr%dl ately
aftervvardsgjvet'ﬂ%eéé‘i\'fEWVMQH%GUfQ%%1W eBidlect¥iqlg/ 400 pl of 20

cul turg mediun) incubated for 10 mnutes at 37C and then transferred to a
culture dish with pre-heated nmedium After incubating for 24 h, the cells
wer e succeBw sebject moatbert off the tivetitigaxisginisna cmqumIitedrraJngémbhiz m«- mplebody

d o5 | ed_ant { th a | ed
ant i -Coe AHENGsu3 EOYIRL PG USR5S, AR <PIIGRS AIRIGHINGC i no o

fl ow 25 cyrs.evasgtc;am y (FAGEAldIdttiles RAS! PR, ELIFIHLRRAR) of Fitheh e alc demyl cel | s

was determn staining with propidiumiodide. As shown in Figure 1,
74. 3% of tusing etﬂ'qtrg: cairént \ezlx@'temthet indrodiutitn Hﬁmt@@numusms aohneafs@@rycas to a
very gh tran fectlo Tr ansf ectbon of human

t e eratgon 88 bl £ B flinkéiisi 2 tpainas vt Al et dF BBRARG b8 B s I T T om

freshly prtﬂ@&feﬁdn@%%%ﬁﬁ@@dré@nl of F4aa® €0 LishdaBietant d@ﬂbity 8Pkt | Ng.
Respectively X 104 CD34-positive 5 cells were then mxed with x 106

PBMCs, pl d@@%l&é@@tfher with 5 Ng H 2Kkexpression vector DNA in a buffer
havi ng a high buffer capacity (54 MM x pH1 ) and high ionic strength (260
mV) at roomtenperature in a cuvette having a 2 nminterel ectrode gap and

t ransf ect ethd¥ntfodkRHBN \bfPblideicoacid 80 pbtidis, giromins fadldlaveitiebbidlogidanent
flow having a current density of 4 A?cm 2 and 20 ns
15  active molecules into the cell nucleus can be achieved by a pulse of 2-
10 kV/cm, preferably 3-8 kV/cm, wherein the pulse is a maximum of 200 us

long.

The circuit arrangement is designed so that the first pulse can be followed
20  without interruption by a current flow having a current density of 2 A?2cm™ up to
a maximum of 14 A?cm™, preferably up to 5 A?cm, of 1 ms up to a maximum

of 100 ms, preferably up to 50 ms in length.

Since the circuit arrangement makes transfection possible regardless of the cell
25 division, in addition to dividing cells, quiescent or weakly dividing primary cells

can also be transfected.

In other preferred embodiments the higher eukaryotic cells comprise primary
human fibroblasts, endothelial cells and melanocytes.

30
The eukaryotic cells transfected using the circuit arrangement according to the
invention can also be used for diagnostic and analytic purposes to produce a

pharmaceutical product for ex-vivo gene therapy.



10 duration. Imrediately afterwards, the cells were washed fromthe cuvette
using 400 pl of culture medium incubated for 10 mnutes at 37C and then
*transferred to a culture dish with pre-heated medium After incubating for
16 h, the cells were successively incubated with phycoeryt hri n- coupl ed
antl-H-2Kk ant| body, as well as with an APC- coupl ed an CD]?»4 ant i body to

i dentify h?]h%ﬁ"&@t ﬁﬁéﬁa‘?@ﬁat BE¢Qrdingdey the imertion 'Hﬁ'é?%él?s it achipygy

Cytomet er faASEERI MlondiREh b MAKUIRAM, ani RV EbnShcRElY soebhsugas.

determ ned ning W th propidi umiodi de own 1 n
of the celiranﬁnmmexmér&néhtszw fabsfgetiombkpdrirmentsasgog ésptessormveriiors,
transfecti on ef BPCI ency. 20 Exanple 3 %’r ansfection of hunman neonat al dermal

fi brobl ast@"@RA 'SI\%‘Eﬁorﬁilﬁﬁéﬁ R{BBWé?ra‘P” EXREGSSEH IIBisin s8] besmpdemyeRed | s)

toget hey WaihhouNhidr 26K t1anBiceR§hon vector DNA were placed in a buffer
havi ng a mgh %‘u ffer rcapac?ﬂt;/3 ?67 mM x pH 1) and high ionic strength (380

mV) at roomtenperature in a 25 cuvette having a 2 mminterel ectrode gap

and transfected b 1 se . of 100, Ns,duration, foll]l a current
Flow havs nEfsCGaftedt, “Blbiagielt, 25ae, aRB et Al . PRI o pdiohst

| medi at el yolgsA@hamtES) lipias cretdrbiatienyasih@shivatioas tdietheds ahbRcuRisngs 400 NI
of culture nedium incubated for 10 m nutes at 37C and then transferred to

a cul ture @hgtasihen developebisdpgiealialtnityanitbe celcubating for 30 5 h, the

cells ﬁjere i ncubated with a Cy5-coupl ed anti-H 2Kk-anti body and anal ysed
using a flow cytonmeter (FACScalibur, Becton D ckinson). The nunber of dead

celI's was Erétcﬁb‘pbm@nmufﬁetr@havmg Ahigh ioRRRINENGH hedinth béBorshpity Bre - 12

Figure 3, 93%of the cells express the H 2Kk antigen which corresponds to a
very hi gh esraeialycsuiablef forc usacyithethensireult srrapaereeet tacsarding higndhe
neonat al tes Human neonatal nelanocytes (2.5 x 105 cells) together
wth s ng TVERESH

15  The following protocol can be used to introduce nucleic acids into the cell
nucleus of eukaryotic cells: 1 x 10° — 1 x 107 cells and up to 10 pg DNA are
incubated in 100 pl electroporation buffer in a cuvette having a 2 mm
interelectrode gap for 10 min at room temperature and then transfected
according to the conditions according to the invention. Immediately afterwards

20 the cells are washed out of the cuvette with 400 pl of cell culture medium and
incubated for 10 min at 37°C. The cells are then plated out in 37°C warm cell

culture medium.

Suitable cuvettes are commercially available cuvettes for the electroporation of

25 prokaryotes having an interelectrode gap or 2 mm or 1 mm, for example.

Evidence that the nucleic acids enter the cell nucleus independently of cell
division can be furnished by analysing the cells which have not divided
between transfection and analysis. This is achieved on the one hand by the
30 transfection of non-dividing cells, such as for example cells of peripheral human
blood and on the other hand for dividing cells by an analysis a few hours after

transfection at a time when at most a fraction of the cells can have divided



expression vector DNA were placed in a buffer having a high buffer capacity
(54 MM x pH") and high ionic strength (260 mV) at roomtenperature in a
rcuvette having a 2 mminterel ectrode gap _and transfected by a 1000 V pul se
of 10 100 Ns duration, followed by a current flow having a current density
of 6 A?crrj 2 _and 33 ps duration. Imediately afterwards, the cells were
washed froﬁh?ﬁ@%%?f)@re{)’ﬁtwsﬁg LﬁPdd'f'a ditioprte thess lmgensialidsied for 10

m nutes at 37C and then transferred to a culture dish with pre-heated

medi um After incubating for 5 h, the cells were incubated with a

Cy5- coupl eBAGS i - H 2Kk- ant Fhanlgscanteldctizatddycdidsaringg a fl ow cyt onet er
(FACScaIi\tI)\H; Bect on Di cki SOQ.Q&_he nunber of dead cells was determ ned by
st ai ni ng ﬁpropidiumio ICALSEASn in Figure 4, 75.1 %of the cells
express thpg@Kk antigen Wlﬁhe%@bfﬁ%ﬂﬂénuae% Y&8lyy high transfection
efficiency. 20 Exanple 5 Transfection of human endothelial cells fromthe
unbi l i cal RPEin (HUVEC) End&hledémthrivel |'s fromthe human unbilical vein (1 x
106 cells) together with 5 Ng H 2Kk-expressi on vector DNA were placed in a
buffer having a high buffer capacity (67 mMx pH') and high ionic strength
(378 MM at roomtenperature 25 in a cuvette having a 2 mminterel ectrode
gap and transfected by a 1000 V pulse of 100 ps duration. Inmmediately

af t er weg dsExainples! | s were washed fromthe cuvette using 400 NI of culture
medi um i ncubated for 10 mnutes at 37C and then transferred to a culture
dish wth pre-heated medium After incubating for 5 h, the cells were

i ncubat ed Whe Hokowiyg-exanmples iltustrate-tizkioventiobduy shedlBootihelrggadiedsasg a

fl ow cytomatzr FACScal i bur, Becton Dickinson). The nunber of dead cells
was det ernf éc "staining with propidiumiodide. As shown in Figure 5,

49. 7% of the cel I s express the H 2Kk antigen which corresponds to a high
transfection efficiency. - 13 Exanple 6 Transfection of the human cell
line Kib2 K562 cells (1 x 106 cel | sExaagsieer with 5 Ng H 2Kk- expressi on
vect or DNATY{<Feblioh %t dy@o@x%lfrf@éu%waumn Blodwf fer capacity (24 mM x
pH~) and high ionic 5 strength (254 m\M) at roomtenperature in a cuvette
havi ng a 2Freshiynpreperadt unstidelateh(namedividingyfreenenlidigarecells @Y pedpberabf 100

Ns duratio follo current .fl.ow havin rent depsi of 8
Nocms’ ananumaRoIeHT (et viefkiEsrect S wiRh [EeBr MHidEBAeT Bhihd bRau o
fromthe congihiof ths hitdiséQAHY claés aWrbtdie HYRKK Bk 1l0ﬁ@@h§&@gbtﬁ@f with 5’@1@Ut €s
at 37C and then transferred to a 10 culture dish with pre-he ted nmedi um

After Thcushyedier PHA in smbufferchaving a high buffae caracily (\ﬂﬁtfﬁMaX eyls)@@dm!
gglet onH éﬁ\?ﬁnﬁ%ﬁ%t}ﬁ mtr oegp%%l %tql?{)'lgq%a"? e%?n{ ﬁgéﬁgﬁgﬂ al ng wth
propi di um Qmﬂmdaterél:ectrbdevgaprarﬁ tgamsfeﬂed&g/ &%000 \ pelseadfl ‘E()(bpmldesatldrhe
2Kk ant ] gaB el By o Qe Ao having' o' Elfent dEndiy &f B"RESH2 Shu Yo e, eV
Immediately afterwards, the cells were washed from the cuvette using 400 pl of
20  culture medium, incubated for 10 minutes at 37°C and then transferred to a
culture dish with pre-heated medium. After incubating for 24 h, the cells were
successively incubated with digoxigenin-coupled anti-H-2K*-antibody and Cy5-
coupled anti-digoxigenin-antibody, as well as with a PerCP-coupled anti-CD8-
antibody to identify human cytotoxic T cells and analysed using a flow
25 cytometer (FACScalibur, Becton Dickinson). The number of dead cells was
determined by staining with propidium iodide. As shown in Figure 1, 74.3% of
the living cells express the H-2K* antigen which corresponds to a very high

transfection efficiency.



Exanpl e 7 Transfection efficiency and average fluorescence intensity of
Cycl e3GFP-transfected CHO cells 20 In order to investigate the transfection
«efficiency and the average fl uorescenqui_ntensi ty of transfected cells as a
function of the quantity of charge flowng in the second pul se,
respectively 7 x 105 CHO cells together with 5 Ng Cycl e3GFP-vect or- DNA were
placed in el ectroporation buffer inEXampletd e having an interel ectrode gap

of 2 mm an réﬂﬁgéiigﬁtcﬁg\lﬁ%aﬂ lfa%‘?r?a%épo%aﬁic?éte‘?ﬂ'c%‘i’ls?(% subsequent second

pul ses differing 1nt variation e current intensity or current

densi ty an@D34-sesitivareellsAivieed peeHehiiglaéd font éresblyhmrepared PBME|desscribed
ure 7 shows the transfection efficiency

I d in fl t ter. Fi ] |
anal yse UoL 10 LY CYY B, S ] BIoKe LI L analesty on el f ency
(the quant piy R:Er&@?évr\?tﬁw@d with 1 & 16uPBMAERtpiLb& Hq”é}ﬁ%ﬁﬁﬁth%‘p@f figgency

can be 30 i1 ncrease I ncreasi ng current 1 ntensi open circles). An
i ncrease i axpressipol\setdr DEAfiora bufeerdmvingarhigmbuffer earsidity (54 nklex pHH@r hand

lts i i apl e | i ffici . d circl . T
[ vor escened MTEIREr: SrenethgBRdRth BrSomeeriamite iog caats FRePs & vi ¢
i ncreasi NgpfH amkid¥ctpdde gaé‘br@ﬁén};ﬁ@e@ed%ﬁ B 08188 JPaioguE BREAIRM, f O

high Q No major differences are found whet her the I ncr ease i n Q was
achi eved bipllowedebygiangutrget dow baving m eusieny demsiéyn ofi 4 &7e8)” endi 2@ measi ng

the pulse lLength (closed circles Ex le 8 Transfectjon efficiency and
aver agld 11 §8PEB. iR N B iasche ¢8R wBe paR AP LBRUINF piteCing -
order to inpgespi @At guitite haisheght@bhted f fo¥ e0Chidmest BE 37°€ &Rl then
fluorescence intensity of transfected cells as a function of the quantity

of charge traasiergdita aouliure digievith Rrathaated egsiumi Géey incubatiog foul&dx cel | s

t oget her w,th C =P- v - wer - t ragd on

buf f er inqu? ecﬁ%'('a tg' ee%g\yﬁgagdgelyﬁﬁé%qt%uﬁg%&%&%ﬁﬂf—%@ﬁ@ 4’]9%%5 cted by
a 1000 V, aftimsdydsseelpasi withkaegPentosed aatiHBb3£antbddyeto identify Kuran
variation of the current intensity or current densitz; and pulse tine. After

cul ti vl i oRaematapaiglic stem gells and angiised 1using al Navs gylesmelgr AF ACSKalihyonet er |
Figure 8 s t f I fieqyl ) . f i on.of the
ntegral oforis BEAsaNT fii hARE o SaReIGha BLRaA By oG 1
when usi ngp@p@ion joglide.tAs shéwnrinl Riguat 2,186.7 Yaokfrectelnegressiteady2i4n be

i ncreased with increasing current i,nl_t‘ensitly ,éopﬁn_ci rcles). An increase in
the pul se BPtgen wol r nd§ 1o aigh Hepslectign §14eNEYot her hand 20 resul ts

in no appreciable increase in efficiency (closed circles). The fluores
cence intensity (brightness) of the transfected cells increases with
increa® ng quantity of charge Q w Exapmlerdati on being reached for high Q

ot onsi ng"FHEBAAPDAT T Eldfa b T B SR TN N, “F e pul s0”
| engt h (cl paathrehechatal deimaERBiBIastd (5 x 10° cells) together with 5 pg H-2K*-
| expression vector DNA were placed in a buffer having a high buffer capacity
(67 mM x pH') and high ionic strength (380 mM) at room temperature in a
25  cuvette having a 2 mm interelectrode gap and transfected by a 1000 V pulse of
100 ps duration, followed by a current flow having a current density of 6 A?cm™
and of 33 ms duration. Immediately afterwards, the cells were washed from the
cuvette using 400 pl of culture medium, incubated for 10 minutes at 37°C and
then transferred to a culture dish with pre-heated medium. After incubating for
30 5h, the cells were incubated with a Cy5-coupled anti-H-2K*-antibody and
analysed using a flow cytometer (FACScalibur, Becton Dickinson). The number

of dead cells was determined by staining with propidium iodide. As shown in



Transfection efficiency and average fluorescence intensity of H 2Kk
transfected Jurkat cells 30 In order to investigate the transfection
refficiency and the average quorescencq intensity of transfected cells as a
function of the quantity of charge flomnng in the second pul se,

respectively 1 x 106 Jurkat cells together with 2 Ng of H2Kk expression
vect or DNAi@EFe 3p|9§e’e@f ithe @Blés;temmsathedﬂ 2y fandigennwhich spstasponds -to 1a

havi ng an J nm and transfected by a 1000 V, 10 Ns
pul se and é}%we%lu %gﬁ%ﬁ %s'sdifferinginthe vari ation of the

current intensity or current density and pulse tinme. After cultivation for
3.5 hours, the cells were incubated with Cy5-coupled anti-H2Kk and anal ysed
using a flow cytoneter. 5 Figure 9 Exemplele transfection efficiency

det er nisnedT &hste é tioR 0f Hurphn inNednatdlageRIinctytéde current over the pulse time
(the quantity of charge Q. It is found that the transfection eff|C|ency

can be i ncdile@aBdnePHAtal MBeBASEYgS cl@ ent10 nedlisdi togethagenitki 9 dledy-2
| ncrease '&rﬁrQESIBH'\%%t%H BRA Qlerd L&gac%%”r‘ﬁ %%@ﬂihab% ?%} %P( Effret Q%Pg w Tha“d

results in reci abl e increa in ef sed Circ

f1 uor escen@ed mMeanty drigy higiht m&sbtreﬁgthh(azmr ams)‘ at resmctehiperatuee easaes wu t h
I ncreasi ng quant ity of charge Q wth saturation, bei ngyreached faor

No mmj or dFYUEHEHRED 8reMip iMeraip@ions 9emand A@nstecded Ry @ 10 XO(PH'%"?/@H by
i ncr eagy ”91(5(151 s At U blmvgéh‘;hyzlé SRS A6l ﬁé\?ﬁgiaq,run‘e?ﬁﬁ ﬁ§|’l){:8f ém@cﬁ'r‘i S€

| engt h (close circ |nvent|on I'S |'ar ned Turther wt
ref erence amd BBemBaMrahmmglnﬂmgdraﬂasly dfterivhedd, |tbe|roeﬁs 2erei washedl frehotise a

transfectlon cyt ot cTcIIsfr m hunman ood, . Fi ure25
T anst ot | Givedle g 400 G A ity meshiao e DefkshiaR. A mbies 4t 39(9@5@@ 3
shows a ”tﬁ@ﬁft%ﬁéf@ﬁe@fto %u&mwrawmr %Fﬁtec‘i i AGMAAter |r£('§_bd:a'tlﬂ

shows a transfection of human neonat a nmel anocyt es | gure shows a
t ransf ect i ®h, dhe hceltsn wardoinhebated withl 8 Cy6moupleduraml+hlé’ -antibddy 3andFi gure

? r Zggf ot I%I'Fﬁa}{/] Sch Sgi'ngna (];wt y orﬁeetlelr (#AE%C%FbG & ae?; 0 cﬁinson).alfhe number

of dead cells was determined by staining with propidium iodide. As shown in
Figure 4, 75.1% of the cells express the H-2K* antigen which corresponds to a

very high transfection efficiency.

20 Example 5
Transfection of human endothelial cells from the umbilical vein (HUVEC)
Endothelial cells from the human umbilical vein (1 x 10° cells) together with
5 pg H-2K*-expression vector DNA were placed in a buffer having a high buffer
capacity (67 mM x pH") and high ionic strength (378 mM) at room temperature

25 in a cuvette having a 2 mm interelectrode gap and transfected by a 1000 V
pulse of 100 ps duration. Immediately afterwards, the cells were washed from
the cuvette using 400 pl of culture medium, incubated for 10 minutes at 37°C
and then transferred to a culture dish with pre-heated medium. After incubating
for 5 h, the cells were incubated with a Cy5-coupled anti-H-2K*-antibody and

30 analysed using a flow cytometer (FACScalibur, Becton Dickinson). The number
of dead cells was determined by staining with propidium iodide. As shown in
Figure 5, 49.7% of the cells express the H-2K* antigen which corresponds to a

high transfection efficiency.



-16 Figure 7 shows an investigation of the transfection efficiency as a
function of the current intensity) pulse time and quantity of charge and of
‘the ex pression intensity as a functionsof the quantity of charge,
experinment using the CHO cell line, 5 Flgure 8 shows an investigation of
the transfection efficiency as a function of the current intensity, pulse
time and quantity of charge and of Ekampleression intensity as a function

of the quah’fairiskaiombaltlgehuwmbbnﬁme K5629g t he Jurkat cell
9 shows an, i nvesthg'atlo t he transfectlﬁ_'n efficiency as

the currenfd @%P%'}% t’§/10pGP§% tpgeipenmith

line, 10 Figure
a function of
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ulture mggilum incubated for 10 minutes at 37°C and then transferred to a
culture dish with pre-heated medium. After incubating for 4 h, the cells were
incubated with a Cy5-coupled anti-H-2K*-antibody and analysed using a flow
cytometer (FACScalibur, Becton Dickinson). The number of dead cells was
determined by staining with propidium iodide. As shown in Figure 6, 69.5% of
the cells express the H-2K* antigen which corresponds to a very high

transfection efficiency.

Example 7

Transfection efficiency and average fluorescence intensity of Cycle3-
GFP-transfected CHO cells

In order to investigate the transfection efficiency and the average fluorescence
intensity of transfected cells as a function of the quantity of charge flowing in
the second pulse, respectively 7 x 10° CHO cells together with 5 pg Cycle3-
GFP-vector-DNA were placed in electroporation buffer in a cuvette having an
interelectrode gap of 2 mm and transfected by a 1000 V, 10 ps pulse and
subsequent second pulses differing in the variation of the current intensity or
current density and pulse time. After cultivation for 5 hours, the cells were
analysed using a flow cytometer. Figure 7 shows the transfection efficiency
determined as a function of the integral of the current over the pulse time (the
quantity of charge Q). It is found that the transfection efficiency can be
increased with increasing current intensity (open circles). An increase in the
pulse time for the same current intensity on the other hand results in no
appreciable increase in efficiency (closed circles). The fluorescence intensity

(brightness) of the transfected cells increases with increasing quantity of



Figure 18 shows a circuit diagramof a control systen) and -17 Figure 19
is a flowdiagramto explain the sequence of the pul se delivery processes.
*Figure 1 shows the flow cytonetric anal )53| s of PBMC which had been 5
transfected wth H 2Kk-expression vectdr. The cell's were successi vely

i ncubat ed wi th di goxi geni n-coupl ed anti - H- 2Kk-anti body and Cy5-coupl ed

ant i di goxi ¢@ipe (a,nwnbcs@wraa@nm'mg &achadhfor tpah G- Heupajes differences aemt i body

to identif 0}, QX Sq I I

cyt omet er  PRALS P R gaSE hiinn Es) BEfPE8, EIRe e, i sffent
channel 2,infnsk) (&;Séh circlegpwaindreasinid e, plHSElendtio(olBsed sigaeser, Per CP =
peridinin chlorophyll protein, CD = cluster of differentiation). Figure 2
shows the flow cytonetric analysis of CD34-positive stemcells enriched
from PBMC whi ch had been transfecteg \ﬁh;pi! t& 2Kk- expression vector. 15 The
cells were successively incubated wt ycoer yt hi n- coupl ed

ant i - H 2KkEransdfectyon asffiviéncynsand tdvexageCHaores cethcentinte@siy- afit Cypcléd- t o
identify h n CD34 positive h mat opoi etic stemcells and were anal ysed
usi ng a fIé&?&V?B?@CE?a@PA@C f%ur Bect on Di ckinson). (FL-1, FL-3 -

fl uor esce”ﬁ%r@l@?‘%‘ﬁ{ve%tngéte tﬁé@rans?é&?o‘?@éﬂc%ﬁé?ta%ﬁ)thﬁ%eraéé’?lﬂﬁféicéﬁé’é ter,

PE = phyco 20 erythrin, APC = al |l ophycocyani n; = cluster
differ ent [ |ater‘m1t)/ othrzym‘fectedsmdiws adunhcigon ogltlhmauanttyawfad:h&rge flmﬁmrhgmmn

t | gbl ast [transtected with
- 2K Bhcpr DEcvasopaetior. ormettiy & vaps PR alEdode e el ol Paie
ant | - H 2KKGRpOy Sk DRI WeFe BIAR M Eleoitopuiaman! wffe(rﬁh\%@avaatw havRigcon

D ckinson). (FL-1, FL-2, -3 = fluorescence channel 1, 2,
si dewar d siotarelsctroggmap fOtf)rZAmmm andtiransfected g @ 3080 3hs16 ms puksw and

been 1 anctaeaeh sRcotRERSI ARG i THEDARAIEH o 306 KubRY j PSR ob 051 ca

wi t h Cy5- coupdraddavsity- bhaiimg@dma@amée@uu%nanafofIs)\Noglﬁ omet edlls were
(FACScal i bur, Becton D| ckinson). (FL-1, FL-2, FL-3 = fluorescence channel

1, 2. B guwlysed ysing @ Hewraemetescrigursr dashowse the ghansfection 1efficiegay e 5

h h
shous, Lhe AL HGUOIE bR b iy RlaS SERPLUALF Sl RIS B e, o,
vect or. Th@;wﬁlty of vldrgel QF Wsawhdn wisiny CH® celly litaid fountd that Mk transfeatianh ysed

using a flo toneter (FACSca|i bur,, Becton Dickinson FL-2, FL-3 =
5 fluoresc E@ EV &RRve ”C“?as‘%&l Bc“u%ﬁtﬁ&%‘ﬂ'@@dmeﬂ@%ty (é%@ Cirglgshefiny

scatter). iFepdse f IsNimb! W th¥t rdify %b@ﬂsﬁ {e JivERR

| i ne K562 V\h% hadﬂt#e)gﬁ Stransfect eg %ﬁ r expr esgnon vect or. aﬁ(ﬁe

cel | s 20er eresn&slbatrmj anbremma loomsed'naaﬁuc;encgmclcm@d cindes)s ddheudluongsa f | ow

cytoneter FACSC Obbu g %th cki . 5;{ F.L-l,a FL - 2t FL-3 =

fI uor escencd’ %ﬁ' ¥l “@ “ﬁss 8 g e B lpreagey With Jiqeasing

scatter). quantlty of charge Q, with saturation being reached for high Q. No major
differences are found whether the increase in Q was achieved by increasing
the current intensity (open circles) or increasing the pulse length (closed

25  circles).

Example 9
Transfection efficiency and average fluorescence intensity of H-2K*-
transfected Jurkat cells
30 In order to investigate the transfection efficiency and the average fluorescence
intensity of transfected cells as a function of the quantity of charge flowing in
the second pulse, respectively 1 x 10° Jurkat cells together with 2 pg of H2K*-

expression vector DNA were placed in electroporation buffer in a cuvette



Figure 7 shows a graphical representation of the transfection efficiency of
CHO cell s and the average fluorescence intensity (brightness) of the
‘positive cells as 15 a function of the,guantity of charge Q which has
flowed. The CHO cells were transfected with Cycl e3- GFP expressi on vector
and anal ysed after. five hours using a flow cyjoneter (FACScalibur, Becton
Di cKki nson)ha\@%edm&r?'eﬂé%éj%eapéé poRe ?68 ¥ a@ﬁfﬂ&%& by Rc QUL Y, {18 HsHRUISRI se

time for they ggﬁg‘e(g}%r{;ﬁ %@F%ﬁghﬁg%jsﬁd’;ﬁégn@n e GAidtRIM omséﬁr)’er(ﬁn@%éﬂy g) 3

open circles corre increase in current intensity. Fi
shows a graphircant dersite sedt @ilsebngd. After duitivadibador 8rb bbtiisc it cgllovedair kat

| dth I 1 ' i ght n f t iti
el 5 a5 AMPOPRPAONTB/CYHEO G T T HBK" s JROREGR (ST 2s IPToREaT ol
Jurkat 25 gglils IvBhews! wesirapkRetMh tdHfiEHAEE JHdETMIRZAT 85 AMMRML Bf tRed
anal ysed after five hours using a flow cytoneter (FACScalibur, Becton

Di cki nson)integrakeidtheiaustent over thespaad time @hgraudntity oihcharge €2). it istfeund| se
open i1 ol ot oBF uERSieETb' ARV LceR Pk Blaraid Mk iBRidt e e o
shows a grippHsagl (opeRr Sraes)atAPhAtasden tthanshlssttira® fof fthei ey irrehtir kat

cells and the average fluorescence intensity (br{ﬁ%ht ness) of the positive
cel I s as anensdtyi om tbe ether daast raspitsf inc Rar }RPreciafie ingraase lipveflicienpy

Jur kat - | 1. r I Nt R s essi| v

ncubalCed (oG R nb TR e ey IR ST BRI AP g 28l Ui ng
a flow cytipariases(WdCHmeading quamtityoof BhalgenQomjith Shtosstibrebeinhasached espond
to a gradual increase in the pulse tine for the sane current intensity (2

A) or curr@hthigdi Np major difterences) are flaund:iwhatber 8 iapasel it J2anas
| Ncr ease Ig‘f@?‘%l&v%'t h@tﬁ;ﬁ% Yhe 'CUPERE ik@nSRPBpén Rlikfds) BracAtsitg the

.
el ect ropora cessary
pulse length (closed circles).

15
The invention is explained further with reference to the following figures.
In the figures

20 Figure 1 shows a transfection of cytotoxic T cells from human blood,

Figure 2 shows a transfection of pluripotent precursor cells from human blood,

Figure 3 shows a transfection of human neonatal dermal fibroblasts,

25
Figure 4 shows a transfection of human neonatal dermal melanocytes,
Figure 5 shows a transfection of human endothelial cells from the umbilical
cord,
30

Figure 6 shows a ftransfection of the cell line K562 (analysis 4 h after

transfection),



i ndi vi dual conponents. These conprise an adjusting unit 2, a control unit 3
to which a voltage supply unit 4 is connected as well as at |east two HV
power 10 supplies 5, 6 with foll ow ng _s%orage devices 7) 8 and two power
seni conductors 9, 10 provided for pul se delivery. The power seni conductors
9, 10 are controlled via a potential divider stage 11, 12 by the control
unit 3 by Fisdke 7ofshawsHan dwestigatian ghthextraegigction eificiency aa a fonstien ef age

devices 7, 8 are (j 2Ct - ' r

e condust ore o) 1 EEhelt BRI, Bisrhe Bl RiTulhr SR8 ot heiesr o
one or a plurali tyre§sicapaensioy as defpadtiomof tie Hhantity @lf ¢hatges gdplerigiaht t he
pul se duration. The_ power sem conductor 9 can for exanple consist of an

| GBT and the powerts¥hherBtedHing can consist of a MOSFET. However, the
term "ppwer sem conductor” should conprise all other electronic conponents
or conponent assenblies by which neans the voltages 20 and currents to be
sw t ched wFigura 8t lshoswsogre infestigatiomoétite transfectioe dfigiendyeds @ fumctibe of

requi red switching tinmes. The qutput of the I@T .is directly connected to
: firal Bl ity il

the cuvett econnecgh%ﬁ“irﬁnt/\%‘?’é%’é/» Hised e gnd gruantily Brifect ed
via a resistance | : 3 ' : at no
pul se can fl ow baﬁe\%él]gnmghgggg%é %@ﬁg‘?‘?é’g‘ﬁeﬁg%ﬁ@ g{?%ﬁgkﬁ] %‘?te IﬁqZ‘SE‘,Ppower
sem conduct ors 9, usihhgthe hokatedll e, si nul t aneously. For this purpose the

di ode is connected to the cuvette connection 15 on the cathode side. The
second ' tuvette connection 18 is connected to earth via a resistance 19. The
resi st ancerigRré ONhowSa inRBHYATIGIY of e trahSfctras Htieney ¥9!d Rpetigh@® and
supply to an overcurrent sw tching stage 20. The overcurrent swi tching
stage 30 20 can i tbecuuent intengilyl pulsgédime engd qvantibaekchdgrga ang efdhe Bx-vi a
the potential divider .sta 11 and the,.HV swi tch ereas a. secand

over bur rent swi t oHiTRGeap daensly A e gIoN of e, Aoty &Y ERBRFs, RpRaREN

regul ating unit 14diky tHehQurhVaiSEHTinkOarvd thedsiifddeCinaddr proriry pL2IRge appl i ed
via the resistance 16 is fed to the -20 overcurrent switching stage 22 in
order t® bring about a current switchoff in the event that the maxi num
current is ol i I directly in the

hi gh-vol taS@g‘?ﬁgﬁsﬁoﬁtﬁg%g&mﬁ% rgagé{%%%ggr?ggﬁae#féfé e potential divider
stage 12 so that no high-voltage pul ses can enter the control unit 3 and 5
the operatpng staff are not endangered. In the case of the overcurrent

swi t chi ng Epg’é%1§(§h°ﬁ"f§ea FBW"’&'?Q r?gé‘ m@bjpﬁ‘ﬂﬁlrresi stance 19 |lies behind
the cuvette connections 15, 18 and is connected to earth so that the
transm ssi on of highvoltage pul ses can be elimnated. Depending on the

i nt end2d ubigyee 02 shiovseh eirtuibgiogedrorof B casdeeadera plurality of hi gh-vol tage
power supplies 5) 6 with the 10 rel evant storage devices 7, 8 and the
necessary potential divider stages 11, 12 and HV switch 13 or regul ating
unit 14 topygg,méﬁglshblw% Poisit gaganviacduppdy Gnit, 10 can be used. The storage
devi ces 7, are equi pped with one or a plurality of capacitors of the
requi red capacity and breakdown voltage so that a suitably high quantity of
charge can r ; \, connection 15 15. The
fol | owi ng Ef@‘&&?é% Sﬁ‘ﬁg i@&gﬂ‘g’f\ﬁ’g&{'ﬁgft@ﬂ?{é[ﬁ’t iSES’?’EYm of the individual
componzhts in the bl ock diagram

Figure 15 shows a circuit diagram of an HV switch,
Figure 16 shows a circuit diagram of a current regulating system,
30  Figure 17 shows a circuit diagram of a flash recognition system,

Figure 18 shows a circuit diagram of a control system, and



20 Figure 11 shows a circuit diagramof the control panel for entering the
paraneter signals to be set wherein these can be preselected via a
‘pushbutton switch 30 and checked visuthx usi ng display elenments 31. LEDs
32 shows when the equi pnent is ready fo? operation. The necessary
paraneters _are prepared in the circuit and transmtted via a connector 33
to the conktigore 394s eanflow idingrasbtelaxdaini the spquercel of thegpulse1delslesyns a
circuit diagram of gm%gkg reader 34 via which preset paraneters for certain
bi ol ogi cal subst alnCe€8 8 read in and transmitted to the control unit as

shown in Figure 14. 30 Figure 13 shows a circuit diagram of the supply unit

whi ch subs ial,l nsjsts,.of a 1501230 Volt c er swtich 35 a
{ranst or meFelrggd SHOGRT IR Mo Sretpelbic. Pty s, Rl EFRE i Rl hag feen
second@ y tragsfeatedngwith ape3Kt-expresgidbnprnedusie The telesSKriry @pessddiidy
vol tages. For this purpose a plurality of voltage regulators 38 are

i nserted alncEpatedewitlh QQNiQ,aniQFQUPie@u@'@FW%‘}@Q&)@VCW@lﬁ)t5'@m§§¢<érﬂrﬂif t he
two HV powg: | £S,: 6 i . ep) ‘i ) 1

di agram g@@ﬁfﬁ%ﬂ!ﬁoﬁ@}%sddpa@{ggné@gv nz]rg g%gg%%h%g%gbéﬁﬁr@ed %%Pﬁéﬁé}(fﬂf rom

t he suppl yidentify, huim@necytotoaxith Tr egh ahidngerd agaly3edr esigg vedlow eptdnister si gnal
U3on, Uson fromthe control system and the_applied voltage Ul charges the
st orage delfiAleSqalibyire estan Dhigkingony. pFbrdalFley of luaigaesndsr shanpelpdi Sed node

via a {4 an : e, Thedegl \, e 1S ytted
Vi a ou{({)utg%%ﬁ%&@ge%cé&er’ﬁggnszbo 9hsg;5§:tgﬁtq?%?:iys %%qrgb %rﬂ%@/ﬁﬁ?frll
Fi gure 15. pibteiny6x aghistér affdiffdrentatoorgge device 7 is fed to an HY switch 13
as shown in Figure 15 and the voltage U3 of the storage device 8 is fed to
a current regulating stage as shown in Figure 16. 15 Figure 15 shows a

circuit di pgnas 9f sk\Ws HMeSHbWCEytdmetrld Cartdly i 4iC @ﬁ@-g@%ﬁ@/é’%ﬁe%%ﬂé gnal

HI N generated by the pul se nonitoring stage as shown | I gure
control t henfi¢hest fromiRBMEewhichrtthachern BanFfected witin Eh2kK'Sexpresaiopl vestbrvol t age

Us to solder pad 41 for the _capl or,, connect i t he cuvett ichis
then cBhneltecens Wik Riknds el ol Bu aporbscaen Fbaidiince 20
measuring aREdcdy2AGavel s MR & WHERbupHOAti-SDBACamtibodg! tbViBESHIG HMRAR O
signal for the control unit as shown in Figure 18 for Switching off the

power semni eBRdupesitive haproalepeistint siem <efs eard werei Analysad resing ra diovwei ng

exceeded. L LSt r. pad IS coanect o_t Vol e

out put U4 &Spﬁgé'idrrigr#%rhggﬁl aB%%:tndgn s@%‘éi‘ggbbm?%gurggi% Tnng?ﬁgfgsﬁ%t a
control | edcleanretnt, 3;| 88Ci at sidéweard? ScatteretRST t-0 felelard &fcates PREI £ighygoant i ty
of charge can be achi eved foll ow ng the high-valtage pul se. The current
regul &d ngethHe ARG m ¢|°QDV§°%”#%%§P\fe‘§UﬁtﬁéOﬁﬁﬁfﬁf@ﬂ'aé'ioghal s fromthe
control unit fromFigure 18 via a potential divider stage and regul ates the
voltage U3 applied to the storage device 8 to the voltage U4 delivered via
t he sol derFigare43. shows hire ¢lase cytroetridi agalysist bé humant heonatq 3fermal

regul ation_or, cutr | ation,i sed ere t he char in the storage
devi ce 8 |fébr89%(§i§n?ﬂw€g%}9 e qumgﬁgt?ﬂ@mﬂmr@?‘%}éﬁg "(‘S'?h a'?-%%ké%@ﬁ%?%?" one
mllisecongeaand the cda iwaeermcayaril With bys-bangrdl st ekmapadasalie® i nto
account the original charge.

25 using a flow cytometer (FACScalibur, Becton Dickinson). (FL-1, FL-2, FL-3 =

fluorescence channel 1, 2, 3; SSC = sideward scatter, FSC = forward scatter).

Figure 4 shows the flow cytometric analysis of human neonatal melanocytes
(NHEM-Neo), which had been transfected with H-2K*-expression vector. The
30 cells were incubated with Cy5-coupled anti-H-2K* and analysed using a flow
cytometer (FACScalibur, Becton Dickinson). (FL-1, FL-2, FL-3 = fluorescence

channel 1, 2, 3; SSC = sideward scatter, FSC = forward scatter).



22 Figure 18 shows a circuit diagramof the control unit 3 which either
takes into account the preset manual values or the values entered via a
‘card reader 34 and controls the currentgregulating unit 14 as shown in
Figure 16 on the basis of further rmnitgri ng signals. The HV switch 13 as
shown in Figure 15 however 5 is controlled after manually triggering the

hih gh- v?| t abj@usa | & shows taedmvié:ytmne&ri_ﬁranﬁjym & eniiothelial igelin fnq;:n Hugeare 1E so
oni ¢ or eq Yratieah ot PAYVET) Gl Hed BEEf 1A e Qi Wik i 2l SHBIERIGET T

pul se par ay@iter. sTiea el ugereninchbatedewhnrCyheonpledeintivhrpit lydaasalgsed he
ot her hand via a card reader so that when a pulse is tri gered manual ly via

the exi sti%yng eyflPwt siemeterctirinpealibug lﬁe@ﬁnv@ickhi@enbdfig w12, dib-%i% hout
it o : oy . ¢

o anal 2w 1S B e sy e o A Sl

second HV power 15 supply. Figure 19 shows a schematic flow di agram of the

operatin equence, of | se deliver roce controlled b ont rol
oni 15 (scEiabisl ey ot avianebanre st b Biaa e ahich
I nvent i on. ndd hekn tH}%fé&GH'vUiﬁﬁjgpﬂk'&@x@@'s@ﬁﬁ b EheAE8IPhvereiddpdtdmnual |y

1
or by reading out a nenory card (not shown). After starting the process
(e.g. by aeithaymgoupledrantisijetili and eniatyged using anfiQw tdytoroéter FA&Sstliance of

th tte is fi . b ief | yi I |t : 12
o etE Lk BT DR Y Pl Y Rl el S o8 B, 2
(e.g. for 2sprewdr sthfter, #5C ASoRMId StattePe i nterrogation 45 it is 25

checked whether this resistance lies within a predefined wi ndow. If not,
t he subsequent process is interrupted. The neasured resistance is not used

subsequent Ly t | cul ate_the charging .vol tage. U2 in.the present di ment
of "the i nvEael 19w AiofordPaliERIEMRIE ¢85 sehitehR e BER ST et Eithe

wi ndow, t heelRtaHPOR sRMh§6 FudresBeft e iMbAsiIGABriphtridie) bf Bréedodiek valld ages U~
and U2 in step 30 46. Wen the desired chargi ng voltages are achi eved, the

char gi'hy b9 fencionohhgeauantpyiof €hame B whichnhag Aeweds f he ffuldOChegelishwere

foll ow i ' j I :
The pul s TITeeRl Wi AoltRarR SRpHIsSolyocBf ARl RARIFINEE R0 HiRg U1 20
cl osi ng t hasingmac floduclytomster t (FACScaAlbur, -Biten r Bikirtsong 1Gbséd vetgledi gh
current flows thr oug(g t he éel |, An excezsi vel \S/ steep current rise is

recogni sed*YETHRdolr 2 graddal ingrease & dBe pWsantmeetan the sAMemcrEeat e
openi ng ofiptdigigwint a) & EdFertdisishy’ RARORANAEAL SFd) igg. In
the praserr Cea et Al ety B RORT 20Ok, Glclet bk Shond o

pr edefd0nedinciaasedhn carfeahintérsityseconds wher eupon t he second pul se fol | ows

i medi ately and without interruption. For this purpose in step 48 the
second sem conductor switch 10 is already closed a short time before

openi ng t heigures8 SN angrbpiHical Sebtédentatioh bhahe ttf@igtettfordRfficiency of
interruption-free transition between the two pulses. In the short tine

i nterval iJHnAl edllsHand the gheragie: Bupresogncenivtersity (brigtngss) ef theepositive

si mul t aneo y g i . YO ro ei ble to
flow from ngﬂies 5 %?g'ggklgg\eﬂfitéegdlfa\r‘&%y t6 LgﬂéEdoér %@h'cfévbéc%g@weﬁjhe@ Hsée‘rjrg%gﬁduct or
swi t cl2510 ¢diBnwemtiansfcetezhwithr Oydld®dG R a&ixptdssioraxectomandr aealysed aftet
exceeded b%/ an overcurrent cutoff sta&e 22) until the predefined charge Q

has fl owed™enNQHEh UsKY Aullew @tomster: (HAC3EalsEe Begtal Bickinsqe Glesedr r ent
f1 owi ng thgauah ' ' r i fl time
i nterval sh(?e. g. C%”ﬁ%‘?éwﬁfs& §§5§d‘g§qﬁﬂ§%§?i’3§?‘% Egﬁgéﬁﬁgg‘éﬂ ﬁggﬁgﬁhﬁgg}:hed
(see interintaysityof® BY)ar ¢cureerdwdensityl(t iAScopdnepeandrdde cooespord its an

term nated. The capaci t! ?f t.{1e storage device 8 is selected so that the
vol tage deCFERSEINGUEGTAIN'S" VY- sl owly during the duration of the second

pul se3glf as a result of a 20 fault, the predefined desired charge is still
not yet achieved even when the storage device is alnost conpletely

di schar gedfioue $reewess anpraphigal oepeesentatianuof dbe dransfeetionu effigigncys of ect ed

time Limt,has BERDaSE GRS gegrage fiddtelcence intensity (brightness) of the positive

cells as a function of the quantity of charge Q which has flowed. The Jurkat



10 15 20 25 30 35 Reference list 1 23 456 7 89 10 11 12 13 14 15 16 17
18 19 20 21 22 23 30 31 32 33 34 35 36 37 38 39 40 El ectroporator Adjusting
unit Control unit Voltage supply unit power supply HV power supply

St orage devi ce Storage devi ce Power seéni'conductor Power sem conduct or
Potential divider stage Potential djvider stage HV switch Regul ating unit
Cuvette cotrliscwienn tRasfentad vatiDH2K" Expetssiort vadiet tanshirkebatacantier 3.5

Overcurrent cutoff st Switch grent cutoff stage i t ch, Push-button
cui toh D S G 2 e el finaat B kLA afitbetRiata, P, feoiRer

Tr ansf or meFARS¢Albue BéhéradBickingbh it Clogaagirales NeBoségsshdl tanaf grdtkial st age
-25 41 Sol der pad 42 Sol der pad 43 Pul se nonitoring stage 44 to 51 steps

-26 O ai nsingreasedn e pulsgrtinan dentdet sanae cuffenbitrNSsHy (AUl ari eirent density
pepti des, Or &ha5 GH Gfoidd BSe QY Sifhloe A8 H TRt Rishgs. T nto the cell

nucl eus of

Figure 10 shows a block diagram of the electroporator 1 with the necessary
individual components. These comprise an adjusting unit 2, a control unit 3 to
which a voltage supply unit 4 is connected as well as at least two HV power
10  supplies 5, 6 with following storage devices 7, 8 and two power semiconductors
9, 10 provided for pulse delivery. The power semiconductors 9, 10 are
controlled via a potential divider stage 11, 12 by the control unit 3 by means of
an HV switch 13 and a regulating unit 14. The storage devices 7, 8 are directly
connected to the inputs of the power semiconductors 9, 10, wherein the
15  storage devices 7, 8 can consist of one or a plurality of capacitors depending
on the field strength and the pulse duration. The power semiconductor 9 can for
example consist of an IGBT and the power semiconductor 10 can consist of a
MOSFET. However, the term "power semiconductor” should comprise all other
electronic components or component assemblies by which means the voltages
20 and currents to be switched within the scope of the invention can be switched
with the required switching times. The output of the IGBT is directly connected
to the cuvette connection 15 whereas the output of the MOSFET 10 is
connected via a resistance 16 and a diode 17 to the cuvette connection 15 so
that no pulse can flow back via the second power semiconductor 10 if both
25 power semiconductors 9, 10 are controlled simultaneously. For this purpose the
diode 17 is connected to the cuvette connection 15 on the cathode side. The
second cuvette connection 18 is connected to earth via a resistance 19. The
resistance 19 comprises a measuring shunt to measure the voltage drop and
supply to an overcurrent switching stage 20. The overcurrent switching stage
30 20 can interrupt the pulse delivery by means of a switch 21 via the potential
divider stage 11 and the HV switch 13 whereas a second overcurrent switching
stage 22 interrupts a control system of the regulating unit 14 for the MOSFET

10 via a switch 23. The voltage applied via the resistance 16 is fed to the



eukaryotic cells by means of electric current or for the treatnent of
cell's, 5 cell derivatives, subcellular particles and/or vesicles with
~electric current, consisting of at |easf, two storage devices (7, 8) for
quantities of electrical charge, each $upplied by a high-voltage power
supply (5, 6), each having at |east one power sem conductor (9,10) for

t ransf err .Q.\@r@mréeramwtqmn%ta@e 22k gelesie HEiRg ghout @ quée'ﬁtsé\f*téaeffd'é\‘/h%es (7,

into aﬂe‘\}éfrﬁ‘i’r%'tﬂg n?é’xn%n‘?‘c@HXﬁtﬂE%@Eggég& éf‘mﬁéﬁ@&?&?&%ﬁ&é b i9faf f OF

control i € power Sem conductor or age device (7)

is char gedjnmdtlly nhheemnglaaxolmgétcagmut( tho sastch z;mlisalmj‘aeéd aftdr RHTFE petiad
storage deyice (8) har ged a vol tage wherein R

's the resiivisrsiast 12 f8 tea\/@eb&'hvmtag?ep%'a%éﬁg.%ﬁercwﬁt%%r@auv%ér%nch 12
|'s the gdesppesheibing st Rlrifankgre. A0HE EhLO BT R ferblileit Siiciing N ©

account the properties of the cuvette, wherein at st one first pu
with the capgelz(brthedbwagels(ame Ufeatshengtreslamceew dies (behingchtheheuvette

transferred to vette res ti T, ontrollin owe
e conductasinechie 35, 38" sk Rledheicfedle bR sodnbt i iR Res s fioh
charact er i gfithg 'e”PEIIIQ6§ c\,’Mnt B@Uéllrhihfa?éd UPEpERdiAY dreaBé |ﬁl@ﬂdé§ epr #fe W th
the capacitor 'voltage (U2) of the storage device (8) can also

transferr e@iectbopcbretarui/smeaom rdanadityodl hl@Q \wltaqamovwmumhea& @rwl@mﬂ)e 25 3.
The ci rcwt QL errent accor claim1 or im,.2 ract din
hat Co¥e sl BTGRP 3 g fof bRedisare poferdlbfintatars, il 25, ' one
sel ect abl ear‘id M/ bWiteh M8l ocguiltingaasiun 2do bentrbﬁtﬁ@ﬁd)\h@f ls@ﬁndéﬂhﬂb@t%r@@
wherein a preset desired quantity of charge is conpared with the del I ver ed

actual quath? cep hef umr’a@ stedage devigeri hd are @qw@@eﬁ yth aee @ plelguant ity

of charge, I, rcuit
arrangerren?ft&g)cor gﬂ%&%ﬁbaégg %igrr;éase ?Iﬁaﬁc_{e (ﬁ?haf]ea] g\r}garbe
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A?cm 2 and®d" ’Sk‘f’ '8MB0 ns without interruption. 15 6. The
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characterised in that the time interval for determning the delivered
char g2CcanFigairepdti shaws a3 cisavithdiagoa Wi tthet aentdell pasely faf entasinghdheye of
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specified bx conparing the desired quantity of charge with the actual
quantity o¥hes thRaegePmant verreadiyor peialitiur Ehe MecespryaReraBRisTwid t he

desired quanbilyg ff theh@FdR At (rSASRRE via a connector 33 to the control system

25 in accordance with Figure 14.

Figure 12 shows a circuit diagram of a card reader 34 via which preset
parameters for certain biological substances are read in and transmitted to the
control unit as shown in Figure 14.

30
Figure 13 shows a circuit diagram of the supply unit which substantially
consists of a 150/230 Volt changeover switch 35, a transformer stage 36 with

primary-side wiring and voltage lead and secondary regulating stages to



8. The circuit arrangenent according to any one or several of clainms 1 - 7,
characterised in that 30 in order to determnmine the actual quantity of
*charge there is provided a nmeasuring (_:)éql_e of 1 nsec, wherein during the
time (T2) the capacitor voltage decreasSes exponentially and on reaching the
specified quantity of charge (@) the power sem conductor (9, 19) can be

bl ocked. 3yoduceHBecneeefsanarararging Holtaees: diafgthio Rposhe Mlurglityephl of
claims 1 - [ I - . | east one pre-determ ned
time int er%ﬁqaggp?égﬁﬁﬁiﬁ%eﬁg%@ ?P?rs&‘%a% E'ﬁérr ?&cond pul se the flow ng
current is measured and if this exceeds or falls below a desired val ue the

duration of the pulse can be readjusted in order to keep the delivered
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t he fl ow ngparuby éime vokages &k draed tbed;u:pf)lyt imis velxeregdeadit) regulbting stagel 38v a

desired val ue, an error, nmes is,given. 11. Th i rcuit arrangengn
acoor di ng. GO BAENET SavadporsUSpHTiim e cantiohsiiEm.pRd U8 PRPIFL.
after at |@aglgeONs BhErgiR! @hdN t8khdd MRVIdYH €7 VBl cahsislingledf \é?T[dldfglit?”@ff' rst
15 and/ or second pulse the flowng current is neasured and if thi$ exceeds

or falls bedpaeitorse idgyiisedi medaiyja ahradgformed slagaudOi d heede$itan vdltage. The
circui arran cordi,ng to anr one. or ﬁeveral $>f cl ai

Char aclou ! feBRARE R AR EHIMe! QuBlY SIS RFRE Ubleretpl g qhirol, s

(U1) T1, 1&stdrd ad@howdih PRIUrERBL TRBNGKaLE (91 oPthetdtbRIdedeicé 748 fed & The
circuit arrangement according to any one or several of clains 1 12,

char act er i @AY switsht 13 5asasheweripuligueat! S andf thej vollagsy deef ther stof@ge i r st
and second . T ' [ r t O G- t o~ any one or
sever al ofdwéﬁﬁgs ?ielhlt\?Q?H%%éﬁ%@&fagggﬁﬁagﬁgts@% 'E‘gls@lg'ieaﬁ%e >Iéof t he

cuvette used to calculate U2 can be neasured by 30 a resistance neasurenent
before controlling a power sem conductor. 15. The circuit arrangenment

accor ditng FigusRy1580WE @ clicHll] diggram fibe1HY3switeR et e B4 SWHCOhBE the
(ot St anceicRoRbs e AR BRGHRL 69 08 Ahes IR PERIghe L Bt 710
char act er i Bigdre n6ttd&bntrol the first power semiconductor 9. This transmits the applied
voltage Us to a solder pad 41 for the HV cable for connecting the cuvette which
is then connected to earth via a second soider pad 42 via a low-resistance
20 measuring resistance. An overcurrent cutoff stage 20 delivers a control signal
for the control unit as shown in Figure 18 for switching off the power semicon-
ductor 9 in the event of a preset maximum current rise being exceeded. The
first solder pad 41 is further connected to the voltage output U4 of the current
regulating stage from Figure 12 in order that a controlled current flow into the
25 cuvette to deliver a specific quantity of charge can be achieved following the
high-voltage pulse. The current regulating stage from Figure 16 receives the
control signals from the control unit from Figure 18 via a potential divider stage
and regulates the voltage U; applied to the storage device 8 to the voltage U,
delivered via the solder pad 41. In this case, according to the invention, Q
30 regulation or current regulation is used whereby the charge in the storage
device 8 is determined at predefined time intervals of, for example, one
millisecond and the delivered quantity of charge is determined taking into

account the original charge.



_29_ pre-selected setting paraneters of the pulse (U1, T,, 12, T2, K2, R
can be read in via a menory card. 17. The circuit arrangement according to
*any one or several of clains 1 - 16) 5. gharacterised in that a device is
provi ded for measuring and recording tﬁ time profile of the voltage
applied to_the cuvette and/or the current flow ng through the cuvette and
that the nEigsued® shows gr@rquitdiagranhef Wiy cagiokuil srwhighraither dakeigtat or ed
on a nenor f r any
one-of ol oSt 102 Presb B4l vehdl B B bbi BTGRP DS SRR baten DRV,
cel | s. 19. andé eonfrolsithe wur@unt ve@ﬂam@ennrm acchbdnrig Elgumyﬁ @nethef badigi s
1-17 for 15 t he transfection oféﬁ%%naf%wcell e of the circuit

HY|

ar r angemen®?’ THEBSF MORYOLIBO £HPakh i 13 o9 SI*'@WVW WJ'QP%%?MG’UW of
h
one-of o1 o mEollpc? SifEF, mehBal (HUGerdid Ao i RIGERE PUISTIRL 5 U o7
human bl oomhonB@rindJstagef43 he sbowoun tFlgmlreah'gsuﬁhat aﬁmdhdth putseamys been of
I 1- f he t f f h f t t hel i al
cel 15, musareras (el GERGE sRaet aBn B mlamlirey indheiaant redi e ment
accordi ng &t Q‘més%v@{mqi@br@ﬂé- 17 for the fusion of cells, cell
derivatives, subcellular particles and/or vesicles. 30 24. Use of
eukaryotic cells transfected with the circuit arrangenent according to any
oneofcl 1-17 faor taorda i [ e . e of
ukaryWt i cTREpHistRARRRE R ol e RS ER vl antipdieg o
any one ofombahaﬁd Vidl 4 dafd réaferrnhbd ohehes 9h|sé ip hRGgerea thasgallyrigdvwst for
ex vivo gene therapy. .A AY
CAA2 A 2. msmm requiating elechonissAz. high-valtage palse with. eowiheut mositaring A, . A <
5 EdD B
]stnl d_Z] caf] ﬂ "Y:'B ca'td t g da'f @ﬁess?ga] ca ont QR aF R rcta]scqa ‘]’%%] ca] ca
] ca] ca] ca] mhﬁar]m@bmr]@a;heﬁim]%] cHaagERdan! E@@iellvered via a second HV power
#1 g""" +#, #| wmhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] cal calfca) BHR%] ca] ca] cayl ca] ca] ca] ca] ca] cal , #0#$%86
"B(E()P, T, -c/ 0#2+3. 35566I 8-: 0:
S====0®"' ?2d@0A} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca] ca] ca] ca]ca] ca]ca]c
a] ca] ca] caf:gi]rea‘]!ta;how]sca]s::a]amdtlcaﬂlm]cbag];ma] aﬁ'tAeW@b@:@elﬁa@dBE)EﬁE@EEpFF
GbGGGHLJIJLL d
=) oa] oa] caPOSP LR EY AP LT Ul GG AFEUPLUTE 2] S8P AU PoRL GPRRRSSM
STTd ULV SN R 0iS & Bba e of] 1l |ﬁ@éﬁtﬁirpainﬁﬁqrféa}éiﬂ] sabealaea) ca ca
] ca] ca] ca] ca] ca] ca] caj ca] ca] ca] ca] ca] ca] ca] ca] cajcajcajcal sZ[[[[[[\\2]]! " n~
_V__" 20 | tera@ad Hseelel mar(wi]y gi] by ceading ctcaneepony cafd Melashwynla] cal ca
] call cal capheal oAl epheay5abeelL) 67bembiRb SLGRd ke flogd Bahbhi, Theo N

noHpgQgssgss
zdzzz{} xsnolimid Fesadtentes ajfcinec alivatie ¢|?ét0ﬁie<a@llfeﬂ | baéakbeplyi®] erle] cal ca

1 ca] ca] ca] ca]aca] cal ca ca&qca] cal ca ca] cal {{h{ é r‘éii

111} 0~3~qwoltagerie &cs aqczm]e@ poa]leall 8 Anckd sHpsegqueltcariest ca) ca]

%%E%lrgﬂ ig}]ﬁﬁgh% caj Qeat\% gg)]lrJ]Céc‘a %@1 @L’?g]a)%gt]a?@gﬁd ﬁtbrr '%%]4(? a]1 caj cal ca
]c ?]: ; ia&]ca; ?]:glae}cmebcwhea]em ahtsa]esaﬂtigc}e: dibsajitlah 73 R@@@f‘an@j wumldmg Yif] ma] ctlaé i:g]ai: 2]3
ca

] ca] ca] ca] %‘;ﬂ q}g @%S*)} o']‘%3 QJB]?%&;!] ?& ]“Eﬂ%sé’] %‘g] @é]%%ﬂ‘]@a]'% €Y ca] ca]

caj ca] ca] C@]Eeﬂq@@hﬂ?l&é&ihﬁ%l&ﬁkﬂ & i?ﬂaglcxﬁi Q%%%b%b&@ﬁﬂ&ﬁb&&hié?ﬂoy[ J>]>C

1 _Qxsnid_Z]ca]ca] ca] ca] ca]ca]ca]ca ca] Ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ctheciayeniioa] It #e sesisthoed diek dalapseizeHhirClheQpredsfined] winHow) dag ca] cal

calca]ca]c alcg] ca al ca ca cglca cal ca] ca] ca
cal cal cal calcalealcaleal sal eal cal caleqlcpl ekl Rlaabesl cal6 T alqal oal o
1 10%88(( ) - 46.OMREN(the&dddieg’ dr‘)a'rglhéq}’&'tﬁgé% -aHe %Uehidvied® thgleRarging by the HV
power supplies 5, 6 is switched off. During the following pulse delivery, no
recharging of the storage devices takes place. The pulse delivery for the high-

voltage pulse then begins in step 47 by closing the semiconductor switch 9. As
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W& ()- vt 10(%9r}’égfllt(r}s_el(?s%ré&ér)iéedl%gﬁthfe GobRdfrent cutoff stage 20 and results in
immediate opening of the switch 9 for safety reasons and interrupts the routine.

In the present embodiment the high-voltage pulse is terminated after a

5 predefined time of a few microseconds whereupon the second pulse follows
immediately and without interruption. For this purpose in step 48 the second
semiconductor switch 10 is already closed a short time before opening the first
semiconductor switch 9 so that there is an interruption-free transition between

the two pulses. In the short time interval in which both high-voltage switches 9,

10 10 are closed simultaneously, the diode 17 prevents any higher voltage from
being able to flow from the storage device 7 into the storage device 8. The
semiconductor switch 10 then remains open (provided that the maximum
current is not exceeded by an overcurrent cutoff stage 22) until the predefined
charge Q has flowed through the cuvette. For this purpose in step 49 the

15  current flowing through the cuvette is measured and integrated in predefined
time intervals (e.g. 1 ms). As soon as the predefined charge has been reached

(see interrogation 50), the switch 10 is opened and the routine is terminated.

The capacity of the storage device 8 is selected so that the voltage decreases
gradually or slowly during the duration of the second pulse. If as a result of a

20 fault, the predefined desired charge is still not yet achieved even when the
storage device is almost completely discharged, the process will also be

interrupted after a suitably selected time limit has been exceeded.
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10 Storage device
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9 Power semiconductor

10 Power semiconductor

11 Potential divider stage
15 12 Potential divider stage
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15 Cuvette connection

o N O s W

16 Resistance
20 17 Diode
18 Cuvette connection
19 Resistance
20 Overcurrent cutoff stage

21 Switch
25 22 Overcurrent cutoff stage
23 Switch

30 Push-button switch
31 Display element
32 LED

30 33 Connector
34 Card reader
35 Changeover switch
36 Transformer
37 Rectifier

35 38 Voltage regulator
39 Regulating stage
40 Transformer stage
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30 wherein a preset desired quantity of charge is compared with the deliv-
ered actual quantity of charge and on reaching or exceeding the desired
quantity of charge, the power semiconductor (8,10) is blocked.
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the time interval for determining the delivered charge can be specified as
synchronous with the delivery of the charge of the first and/or preferably
a second or each further pulse.

20

7. The circuit arrangement according to any one or several of claims 1 — 6,

characterised in that
the switch-on time (T,) of the second pulse can be specified by
comparing the desired quantity of charge with the actual quantity of

25 charge delivered by the measurement time and ends when the desired
quantity of charge is reached.

8. The circuit arrangement according to any one or several of claims 1 - 7,
characterised in that
30 in order to determine the actual quantity of charge there is provided a
measuring cycle of 1 msec, wherein during the time (T,) the capacitor
voltage decreases exponentially and on reaching the specified quantity
of charge (Q;) the power semiconductor (9, 19) can be blocked.

35 0 The circuit arrangement according to any one or several of claims 1 - 8,
characterised in that
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characterised in that

after at least one pre-determined time interval after delivering one first
and/or second pulse the flowing current is measured and if this exceeds
or falls below a desired value, an error message is given.

The circuit arrangement according to any one or several of claims 1 — 8,
characterised in that

after at least one pre-determined time interval after delivering one first
and/or second pulse the flowing current is measured and if this exceeds
or falls below the desired value, the desired value is readjusted.

The circuit arrangement according to any one or several of claims 1 —
11, characterised in that

the pre-selected setting parameters of the pulse (Us, Ty, I, T2, K3) can
be input manually or by entering a code.

The circuit arrangement according to any one or several of claims 1 —
12, characterised in that
an overcurrrent cutoff is provided for the first and second pulse.

The circuit arrangement according to any one or several of claims 1 —
13, characterised in that

the resistance R of the cuvette used to calculate U; can be measured by
a resistance measurement before controlling a power semiconductor.

The circuit arrangement according to any one or several of claims 1 —
13, characterised in that
the resistance R of the cuvette used to calculate U, is predetermined.

The circuit arrangement according to any one or several of claims 1 —
15, characterised in that
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characterised in that
a device is provided for measuring and recording the time profile of the
voltage applied to the cuvette and/or the current flowing through the cu-
vette and that the measured time profile of the voltage and/or current

can be stored on a memory card.

10
18. Use of the circuit arrangement according to any one of claims 1-17 for
the transfection of quiescent or dividing eukaryotic cells.
19. Use of the circuit arrangement according to any one of claims 1-17 for
15 the transfection of primary cells.

20. Use of the circuit arrangement according to any one of claims 1-17 for
the transfection of human blood cells.

20 21. Use of the circuit arrangement according to any one of claims 1-17 for
the transfection of pluripotent precursor cells of human blood.

22.  Use of the circuit arrangement according to any one of claims 1-17 for
the transfection of primary human fibroblasts, endothelial cells, muscle
25 cells or melanocytes.

23. Use of the circuit arrangement according to any one of claims 1-17 for
the fusion of cells, cell derivatives, subcellular particles and/or vesicles.

30 24. Use of eukaryotic cells transfected with the circuit arrangement
according to any one of claims 1-17 for analytical or diagnostic pur-
poses.

25. Use of eukaryotic cells transfected with the circuit arrangement
35 according to any one of claims 1-17 for the manufacture of a pharma-
ceutical product for ex vivo gene therapy.



