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&= {57} Abstract: The invention relates 1o a novel circuit arrangement for electrotransfection or electrofusion, which enables the rans-
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portation of DNA and/or other biclogically active molecules to the nucleus of higher encaryontic cells or the fusion of cells, inde-
pendent of cell division and with reduced cell mortality.
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(57) Abstract: The invention relates to a novel circuit arrangenent for

el ectrotransfecti on or el ectrofusion, which enables the trans- O portation
of DNA and/or other biologically active nolecules to the nucl du$ MY Hyher
eucaryontic cells or the fusion of cellLs; inde- ndent of cell division and
with reduced cell nortality [Fortsetzung auf der ndchsten Seite] 1 9 MAY
2004 - 1 CIRCU T ARRANGEMENT FOR | NJECTI NG NUCLEI C ACI DS AND OTHER

Bl OLOG CALLY ARCVH ARRANGHRENNFORTINEERUGLEGBE) CIE 18I ABIER ANIIOARER | C CELLS

USI NG ELECTRI The-i i | ' I r.aggenment for
I nt roduci ng nu @;%(:E%ngArzﬁg\é%mlééeﬂlpégtl%ﬁ?ﬁﬁﬁggtgﬁ ht(l)aé Hg(i;rc{ﬁ%gi cally
active nol ecul es i nt gUKMRYETIC CRUCS BSINGELECRRIG GURRERT| s by nmeans of
electric current, or for the treatnent of «cells, cell derivatives,

subcel lul ar particles and/or vesicles with electric current, consisting of

at | easg tWReShOEAth @eMmtceto fa0kirGuiRRintdngemett Bt estrdduting Mughic erids, 10
supplied by a high-voltage power supply which each have at | east one power

sem conducPeptides. proigisseand/ag ether cRialpviaalldsaelive: Haelgeulgs ek¥at then celle

storage dgyi ' i ' . t et ori ng
devi ot or NUGEES dthRafcFKIRAT T Aeas BICHARNC Buffth, B HEBRl neRmAR R
i nventi on &l eclllderivhtieess, Giubaeliulan paftickskandg/or ivesioda with ehectdeclrraot;| eus,
DNA supplied from PUt si de nmust enter the _nucleus in oider, to be reaﬁ out .
Convent i ongPnsisting of at least two storage devices for quantities of electric charge, eac
10 supplied by a high-voltage power supply which each have at least one power
semiconductor for transferring the quantities of charge present in the storage
devices into a suspension in a cuvette and at least one monitoring device for

controlling the power semiconductor.

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
éxpressed. 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 celis 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



transfection nethods only bring about transport of DNA through the ceII 20
menbrane into the cytoplasm It is only because the nuclear nfgbran?
tenporarily dissolved during the cell division of higher euka s qghat
the DNA can passively enter the nucleus so that proteins encoded by it can
be expressed. Only very snmall DNA nol e€ul es (oligonucl eotides) can diffuse
freely through the pores of the nuclear nenbrane. For the effective

transf ect i GleEOPREAtion des@iedoso faarre based (it dhe dranspert ofsDNA it dhessary

to create gopddd o p@@r%@é?@)&‘ﬁct&‘ﬂ St tHid'@ %Qﬂeééi%ﬁrof%é?@é@&ﬂﬁﬁ enter

t he nucl eus rough rane 1n sufficlrent quantit
circuit ar rrenng&r&;ed&peiﬁmmt bhdte dlmtmumkeistmemmclemsmemmana duunggdhe cell

eukaryotic cells. .30 tate of _.the art or sone.ti.me that
oAt Lo o c#ipe; NoRR Hdne iIRbAEGImEEIRT SRRPA A, KAOWR o GrL o

currentg H@:Wﬁ(\,‘@rrngdt\ﬂﬁ BHih§inG DRAT ABERIEBIN SpéaficdiySintdhe?Aldeus olgl{ll}gher

el ectroporation described”sd far are based on the transport of Into the
cyt opl asm elukaiygtie rcediakahys,t acircult| arrangeanent fon elestteansfentionf optiraissdect ed
DNA renai nt .on fhe d| n of the nuclear menbrane during

|
the cell v‘%g&g F%%%“% argsh%o SO qtjt'ingﬁ'lnrangerrents for el ectroporation

known so far is 5 concerned with brlngl ng DNA el ectrically specifically
into the nucleus of higher eukaryotic cells. Thus, a circuit_ arrangenent

L or el ectr &S dnatestid. ,6Q?iﬂ0@e ioRsd &a@@fatpaaas, Richraoad.t S JdP86).s not
= 986
180\3252(]& ?%gg}'%%em gpécgg%w%rﬁ{aﬁfgﬂ {Uﬁ‘?gﬁﬁhﬂ r&ttﬁ%\'}?&ﬂam%%m 2)f

3000 Vat am&l\nuﬂamaﬁ:%nﬁobw&ammwcndrd@aaa@.US Patent o, 869, 326
(CGenetronics, Inc-, San Diego, USA, 1996) describes a specific equipnent
structure by which neans two, three or a plurality of pulses 15 can be

gener at ed lﬂﬁéhrll%tél‘ﬁo %89%1 @&r‘:&tf sslﬂb'r@.f]n d(;%%l?V@SA' ngﬁ)e'a%%crlﬁ‘ééémd or

shown t hat ese pu ses an ef fect "beyoh transport of

DNA into tlspecrﬁtcanjmnerhi%tﬂaﬁmtb)smm ﬁ(eanarmlrot trere&wr gpplanalita oé puises

Appl | C%‘tjl o EPbe gBenera?ed 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 puises 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 nuclieus.

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 ceil mortality.

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

effectively into the cell nucleus with tow cell mortality.



20 (Eppendorf-Nethel er-H nz GrbH, Hanburg, 1998) describe a device with
whi ch short pulses of 10-500 ps and a nmaxi mum of 1.5 kV can{beygengyat ed
but again give no indication that certgjyn conditions could lead to
conveying DNA into the nucleus. 25 None of the circuit arrangenments known
so far is optimsed to make it possible for DNA and/or other biologically

active nol eaunether aspect of freqir'eyeeit ynvieh@dis igre el providied  dieuit @Prbngurﬁémus Wi th
| ow cel | m)frtal The object, of the invention ovide a cjrcuit

arr angenent W%‘%ﬁ'ﬁ%é&'c ¢ agigsnpeRtidEse POl d)Qﬁd’}rlﬁrptH PIBPIGYN ARG acti ve
rm: Iecul es lhﬂolb@uléﬁ ans pw t@ﬂnuoﬁlfs&ﬁtduk@*ywtﬁd Béle Byh@eard bf lUetie esrranttdr | ow
ce norta n anot pect resent
i nventi on, #phﬁ}eetrqazms?t&f% 0399?'?“(93"’?5 éPE %‘ﬁé’ﬁﬁ'deﬁ(ﬂ”gf%gﬁﬂg% Wi nucl ei c
aci ds, peptéleasc carart Edonsisivtflondt lexshevo Qb@b@@'eﬁtaéé for a@éﬂtﬂf@s ofglegfigdles into
t he ceII nugl eus of eukaryatic ¢ means of el ect rrent or for
Lhe £ bat meTErg, <oen RUSTIEUY & cfauialing SoNeL Bue Y- (1agh Nakie 2l It 98, or
\d/eSI cl esf W [idwep @Eﬁn?@drfductfoﬁ tﬂtlﬁrf te?ﬁsferﬂgsmibumnz@é o‘ﬂltchbfg%s re%ém mtt@rtale
evl ces or uant | t,) es eleclir| Ca cha
o vol  aqUoRERaRvicsS e a Susencteion a,Snes end o st 0%5 iy By fRuct or
1(‘1 or transf S(fdnltrﬁﬁln@ e powet sém:esndifctcﬂlﬁh@@gwpmt@sm@tt st?fagbcdeﬁlﬁétls Thark 3@ f
evi ces |n 0..,.a SUs SI cuve e a eas one contr evi ce or
Comt Somtdl 1o o HERET VaBlbe B 461 B oaramaPe At HE 995000 LUapeGBVisEvECe | o
gha_r ged 10 Wﬁi‘dbda\glﬂ’f eaﬁnageom;l agex (zuc B(z,ameaenpﬂ a@rmé eersusaand:etdwéammta st orage
evice IS C rge W t a Vvo
el St ance S T Sudhintion SIS I GRT, gty e shre AUGCTaRG e 518 i s 1 he

desired curdoerictiondalkid which takes rrﬁcta@aumatmepreﬂi@st@rkm tiMetepe@gunt the
properties of the, cuve trol device |s,designed to

1
PP rol ' ¢ havhestiring Ehrko iyl os dARENEA o bl B, pouer SRMEEnd RIS 1 81 oul ve
Wi t hht s cap@ct tr]gemram@ésnage firkt puleé %dilﬂmethet @rpatgmorl wiftaye gUpask me stomgef erred
to the cuve e or I es contro
o pendedvioe fan, Be MGt Pint SiveRL i preget bg, (o BY “Girolinge one
pul se in atpdvmﬁenmm(jseﬂoe,cmérbm mbrmnm’eerquﬂnt@aasf mrg@@s @k wasbyméhe

gg%;?reldngmq see\[/ hcet leasr% one se[fec%a%le tn%treelrsatnga gasrlm e me usﬁpetdl by th% mgnl%n%e 's

device, and wherein a preset desired quantity of charge is compared with the
20 delivered actual quantity of charge and on reaching or exceeding the desired
quantity of charge, the power semiconductor is blocked.



20 delivered actual quantity of charge and on reaching or exceeding the
desired quantity of charge, the power sem conductor is blocked. 1 9 MAY
2004 -3 Description of the invention In order to solve the obj ggtayagger di ng
to the invention it is provided that the first storage device is charged
with the preset voltage (Ul) as a paraneter and the 5 second storage device
Is charged wth a volfage U2 = R x 12 x K2, wherein Ris the resistance of

the cuvett Deseiintian Qi heinveptiolont aj ned therein, 12 is the desired

current and K2 is a correction value which takes into account the cuvette
properties and wherein at | east one first pulse with the capacitor voltage
(U1) of thénstarrdgesotievihesbjest doeotdingéd the drention itds pedvidédthad the sdt 10

tine (Ti) by controlli. i tor. devel t of th
[ nventi on AlOTRGS egipedB BRI WDNBR I Pa el ol G B T BaE e Bhanddbng
pul se w5 hsbhend 3RAshE Akvice!is daardddhitha UIEgs! 05 20R xde Wi K ikdteRl Rds be

applied to the cuvet controlling a power sem conductor, wherein the 15
del i vered #henesistanee afHhegeuvetteagnd éhe isushensien exinddined tthegein.nk dsvihe can

be measur t ni,t prd N eyl . i n th e esl ntity
of charge(alggﬁ%%r%irregg %/d‘f#zt %egaéélé'ﬁg?t'o\é)ﬂl%@gr (‘éth'%hgﬂfelsst i/ntgfg‘%:‘{?gjﬂ&g}{gnd on
reachi ng okueitegstoparticBeand sivh@inufinldaky ovle GiRar gélse t With pihiee tapacitor

sem conductor is blocked. 20 In addition to the passibili tly of determ ning

the del i veveliagr &) el ther siorrge devigsi a Dretransfeard o) i ¢r) far snPreret

st or age, devyi. e, vel : Ired quantity of charge is
conpar Z(():I lehﬁee&Tﬁzbggéﬂg?mﬁgI%%%vpée‘rdé%rﬁ%ﬁbg?ésgf charge in an interval of
time and on reaching or exceeding the desired quantity 25 of charge, the

ower sem conductor is blocked- t.hi s occasion, dependjng on the pul se
Shape used BAdIGR nm%maf%ﬁ? "b\fﬂr@ée,'t &Syfgoy'#ﬁa R e mr&@%ea@%%aﬁ
sel ected f @heldd@oRBHRIdE WRh RN cEFILIR vbﬂ%é&@%)}%f'ctﬂe I@.Ec?rggé idaertel chrehidsr . for

exanple, to geterm ne the delivered quantTt arge during the first or
each subséguapplicdutosthe Thestte byveandwllingaatpawero$emitandecioanwberairttbeni ned

by 15 delivered quantity of charge in at least one selectable time interval can be
measured by the monitoring device, wherein the preset desired quantity of
charge is compared with the actual delivered quantity of charge and on
reaching or exceeding the desired quantity of charge, the power semiconductor
is blocked.
20
In a-ddition to the possibility of determining the delivered quantity of charge
using the current flowing from the storage device, alternativély the preset
desired quantity of charge is compared with the actual delivered quantity of
charge in an interval of time and on reaching or exceeding the desired quantity
25 of charge, the power semiconductor is blocked. On this occasion, depending on
the 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



30 determ ning the difference between the original charge at | east of one
of the storage devices and the residual charge. In this case it is

possi ble that according to the nunber of pul ses used, mor e 1 hMAY @M of the
at least two storage devices is used iR a circuit fashion wherein each
storage device is 1 9 MAY 2004 -4 assigned at |east one high-voltage power
supply, a nonjtoring device and a_ power sem conductor to transfer the

quantity oPSENEPEEISashene (Ugheltage RONGRI PP CANIOEREIRIFHANIESY ¢ he
DU S© oL N bofredtaB¥idieth ' BAIsbNnk! HRbaHOOE RATLCRCHE! Cuvbignst ers

a pul se of aving a duration o and a current
densi ty of cantdimiagtth@ cAltsos@ermmah. kartthe pulsentransfapitiio provided thexd dlomdirgdoner

i conduct or transf | se_havi density qf 2 - 14 A?cn®
2nd. o naxi ROMe SERTPOISION GRS o REe e  RcrPen  Bhein ATt —t e
delivergd dpanid hd &f c&@ﬁ%r@ﬂ? of @b feftd OA bomB earial) 9GIhbuE thiwérlitid il &he

delivery of a first and/or pretferably a second or each further pulse. 10
The del i vesedoid gewer gegiic ingfers a polsedhping @ ¢wrentaensitilof 2 —

noni t or ed N . - ' ( f e ]

peci 1 od By Fdoand AR ARt Th BrBCERIp Y BRiFAfG
quantity ofthé Haligfed d@lahtigrdfthaygd ben teAseHRIMRthd spaifrbwiidse valivery he
desired quantity of 15 charge is reached and erein a neasurenent cycl e of
1 nsec is Bf avirdleand/er pigéeraply :8eeond aceaeh fuihghPHiSg- of charge, wherein
durings4he time (T2) the capacitor voltage decreases exponentially and the
power sem conductor can be bl ocked on reaching the specified quantity of
char ge ( Q2)rhe2delidered mabntilgl of chiarge gfdbei sHoenthailsafis prefatably asonitored

predetermined tine interval  after triggerin first and/ or second, pul se,
the fl owi nineEeieihe Switghn, time {ha) of g e cBUl§E &Rt [spesiednb
desired Va'cﬂﬁwtafr?n;g igﬁ&' 86sifly ahhﬁﬁlycéfnct%gbewitﬁﬁhésécgﬁ?i' Guaitl§ofl éhdrgep the

del i vered qua f charge constant. IN another ernative it 18
possi bl e t kativeretieby dbe reessuremen riwoke tandhiendsl where thantdesiratl qiiandity 28

triggerLng first and/ or second.pulse, the flow,ng.current. is asyred and

L ohi 35" esBauit Ry aphef cnpar BRSPSV b et sl s stadeno

gener at ed {detéHnife &he actual quantity of charge, wherein during the time (T,) the
capacitor voltage decreases exponentially and the power semiconductor can

be blocked on reaching the specified quantity of charge (Q2).

20 Alternatively it is 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, the pulse duration can be re-

~adjusted in order to keep the delivered quantity of charge constant. In another
alternative it is possible that after at least one predetermined time interval after

25  triggering a first and/or second pulse, the flowing current is measured and if this
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 measureﬁ 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



warni-ng to the user of the device. It is furthernore possible that after at
| east one predetermned tine interval after triggering a first and/or
second pulse, the flowing current is nmeasured and if this e3aeydsygpr falls
bel ow a desired value, 30 the desired yalue is readjusted. In order to
determ ne any necessary constants, especially of the cuvette used wth the

cell suspension,. it can_be provided that a prelimnary neasur nt of 19
VRY 2004 - 3¢ HESIStaIEE hdbe SRUMAHE WilhcheeCsl NSPRRSIER i BRslEeni Rt made.

The other peee r?d&é! %gdrgﬁfei‘é*i%t e BrieRIA ehbidleRts- %%%ﬁféi d gragual |y
or if necessary Spéecified by entering a code. 1t 1s thus also possible to
use retri eeabbsanyaspedified aby aerderiegdercodeneltciar thuseadsry pessibié st hseused

at the 5 sang ti to store the tine ofile of the voltage appli to the
cuvet te or TR vaRE: 1R ViRl SRy reRT g Feroc Rl Salor oA gtk HERE o B
pur poses f @anf@nfel todstoRd tetimeyprofilePdd R wtldgeespplitiasahsesuveltedor the
comercially avail able nenory card. This nenory card is preferably used at

the sane ticwErendfloving ithrgughdhputwetiefor slosummentatipropugases 1for ANea0F @sul t

o e AT ol eS8 oMy AR, gl 0

advant ageo(fhis fmehbpncatd iscprifefably ased pitlthe surde aim@rbr etdrigdy 8rdpulse

sanpl e-dependent transfer of a preset quantity of charge as well as a
control | ed PFEAME Sy PESSEvoi d any 15 damage to the cells |ocated in the
sanpl e4gan be achieved. For further safety of the user and the sanples used
it is provided that an overcurrent cutoff is provided for the first and
each subsedisat rgsultsd. thE€heircusly srquiaticenof the plifset Helivery, thes trahsfeniafhtheol t age

Vel ties. ar o eMBEGAEIRABURAR! FTre Bt BBl e Bra st Bri ATl Phed | s
sui tabl e f qagKibRak 1EMkt F6PBAG PURES afd Gled e PN L SAMBRLGEpditforft BFdnsiiic] eus
i ndependently of the cell division. In order to keep cell damage low, this
pul se is |ioha ptesed quantiyeof Qitarge as well as a controlled monitoring to avoid any
15 damage to the cells located in the sample can be achieved.
For further safety of the user and the samples used it is provided that an
overcurrent cutoff is provided for the first and each subsequent pulse. The
overcurrent cutoff thus allows the high-voltage pulse to be interrupted at any
time in the event that preset limiting values are exceeded. |
20
The high-voltage pulse of 2 — 10 kV/cm described is suitable for creating
conditions such that DNA can enter the cell nucleus independently of the cell
division. In order to keep cell damage low, this pulse is limited to between 10
and a maximum of 200 us, preferably 10 — 50 ps. This is sufficient to achieve
25 transfection independent of cell division. For example, such a short singte high-
voltage pulse was found to be optimum for the transfection of endothelial cells
from the human umbilical vein. Another current pulse of lower field intensity or
lower current strength or current density but of longer duration, following
without interruption influences the efficiency of the transfection. As a result of
30 the significantly lower current density, this pulse can persist significantly longer
with little cell damage. An optimum current density 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



and a maxi mum of 200 ps, preferably 10 - 50 ps. This is sufficient to
achi eve 25 transfection i ndependent of cell division. For exanple, such a
short single high- voltage pul se was found to be optinum for & kay 2004
transfection of endothelial cells fromgthe human unbilical vein. Another
current pulse of lower field intensity or |ower current strength or
current density but of |onger duration, following wthout interruption

i nf | uences deRBakbiibroplastyor grelanaeyvigseisyariausdiimag bloaduaglist Inpexprrinperts
Signifi Ca.ml%}fldl @f@l‘erﬁ%efi?@%s%ﬂsé)?resérgh Qﬁéh‘?sertlg%?olgﬁ\?]s? ?{/a ﬁg&rﬁ hantly

| onger wit e cel amage n opti mcur’ ration of
t he second highﬂrstbe icsirrebt dematy tnfetber&darcngd cpmlse)éhestrbnggrpidﬁ mfidepeasintthei ty of

the cell. Such ed pul ses ar fou be 0 f or arrple f or
ey oo GoReS 0k e Sashtace vh i atacee Hisniha iotos BE GRS, | ous
human bboodiepgity,Sthd MEEPRid BBB6Sd pPLRsAGatisks e;srﬂ@t m@l |trdrisE@ﬂ el cells
expression systens, the follow ng was shown: gher the current

density of alieedy deanséegied $y, therirst pulsegdie @@rea!rabudmel afrthenisansfected

current 5 aEeTigeatarmi M brBRuRGRARt Barbh BE nBE A G ool VHREER: 1 o
celI's alreally Inr@rdsf Reingéhtay 4 bredise séli-Bpeéific cﬁh@omﬂhe&ﬁar&rbdtiewabt@f the.
transf ect ed cells increases with increasing pul se duration but not the

fraction ort ¢ expssionelgveland e el witalidy the nrisedaration gideeygent density
ceII-sqﬁc {fﬁfé:g&%rﬁ] gemfstgﬁé’r% rﬁ‘bte' tFoEl‘IES t he expression | evel and
alrty,

t he cel pul'se dura current density 10 of the second
pul se must therefore be controll ed. In order to achi eve preC|se control of
t he pul se ctu Y ivered 1o the ﬁ ﬁ ension, in Efre erred

enbodi rrent &elq pepisye RIgRISLt SPMERO éﬂa‘h@e" a&BJﬁ"Noq'fF'\é@r q fe dhagell o

contr ol theuggéreaﬁ i epelfonel EHbbameriofe! bkiRYed dmritfy ! AblGe is

capacitor voltage of the storage unit, e resistanc e cuve and
the cell sasptm&ed)nlrnordem teetontret ¢hen cumseint bedrengtitledri cetentnidensity 3b.y Bt was

P I T
variation gng m@k@éu smﬁér@ﬁﬁpuﬁﬁtamé@tr@rémemeeeﬁefpred@n@élﬂrrm@ GoiagCt i on
val ue. Thus, 20 precise pulse shapes for the second pul se can
predet er mi fﬁ@mdﬂhatgtr@z resistance 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 U,.
Since the resistance measured before pulse delivery is subjected to larger
30 fluctuations than the resistance during pulse delivery, presumably as a resuit 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



x 12-x K2 by controlling the charge, where U2 is the capacitor voltage with
which the storage device is charged, Ris the resistance of the cuvette
and the cell suspension contained therein, 12 is the desinegacuwiient and
K2 is the pul se- specific correction vakue. 25 In one enbodi nent of the

i nvention the ohm'c cuvette resistance R can be rreasured directly before

the b e delive |y volta and_taken into
hecount, noauhsthel Peierel e LSt PrBeyarivant Tepadiasinet taRdn
resi stance P@“&%f@&ehﬁfrféfﬁh@tﬂe?fthgeﬁés\/ﬁﬁmm' 8 p?éééﬁ?éoeﬁbélé%ahéé gﬁﬁ?&ﬂ

fluctuatlons than the resistance during pul se delivery, presumab as a
resul t of the swasyrkbrdsisiangs iesostside this Windaurtbereise faudlamd ﬂg@puset 0
fixedly pr fine e resistance Rto calculate the capacitor voltage U2
as a paran@?@%ﬂyﬂ%ng "%ﬁ éﬁred enbodi ment of the invention the resistance
of the guvette is 1 9 MAY 2004 -7 neasured before the commencenent of pul se
delivery regardless of this in order to determne whether this lies within
a predef i nE8T exsyseaihlyeeotiguin conditions oabdes pelgblisked faitwmsfediongatsi de

this w ndo I Y t el
For every EY?P%%%%% '@8 S%E%hgon ﬁtdgﬁgqgaﬁ%ﬂ%ﬂ&ap a%f] %a?ndé?ﬁ i tﬁ Cqﬁ:Fjectlon
rate, trassbegtment i felsli m;ermtgl avel duratibalof thye first pulgy eﬁermlﬁdl eurbati nent

of the circuit _ arrangenent the eld.intepsity and duration of the first
pul se and MeR$iy oGy %’f‘u‘tde’?%\‘tyeﬁ‘ﬂd ?V‘FWI‘CQ!LERF%V@/“ gt gecen PHlss: Fant ke

dur at i @@eogg{elggﬁcﬁg gg&;?thuﬁneccﬁﬁélt:@ﬁs Jc%ns?ihﬁﬂ%% %@%h‘ﬂ@ﬁéd"f@ GaRgLS s can

sinply or various cel via a code he circult

arr angenentyjesnvibe amsled i n an advant ageous fashion for the transfection of
gui escent or dividing eukaryotic cells. In the sane way the circuit 15
arrangenment is also suitable for the transfection of primary cells such as

human bl oq@eCgirdifit aﬁ'éﬁbéﬁ@rﬁr@arp'ﬂécwééérmcgh' §d¢drﬂ§§;éﬁﬁ@'ﬂa§ﬂ:8ﬁ¢or RheMary
human fi broblasts, endothelial cells, nuscle cells or nelanocytes and can
be used f otransfect:on of quiescent or dividing eukaryotic cells. In the same way the circuit
15 arrangement is also suitable for the transfection of primary cells such as human
blood cells, pluripotent precursor cells from human blood, primary human
fibroblasts, endothelial cells, muscle cells or melanocytes and can be used for
diagnostic pufposes or for the manufacture of a medicinal product for ex-vivo
gene therapy. |
20 |
The circuit arrangement according 1o the invention is furthermore also suitable,
for example, for electrofusion, ie., 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/for
25 vesicles are initially suspended in a suitable density in an agueous 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/icm which have the effect that DNA andfor biologically active



di agrosti c purposes or for the manufacture of a nedicinal product for
ex-vivo gene therapy. 20 The circuit arrangenent according to the
invention is furthernore also suitable, for exanple, for ¢l9epty ¢fisi on,
i.e., nethods for the fusion of cells, _gell derivatives, subcellular
particles and/or vesicles by neans of electric current, wherein, for
exanples the cells, cell derivatives, subcellular particles and/or 25

vesi cl es aP®IgGles 8130)ﬁr%‘@fstb@rlﬁéﬂleli'\‘hifﬁ‘%@ﬂﬂ%’b‘l‘koﬁmﬁswwdiﬁﬁi% ‘Hrreoligld

ol ution, : ' ' f e fu an
ol eotrc vaEnsiies BRBHAROLS ARl Rofir sechobbiidrfadfar ety 21,
fl ow i s getiesat sufficiend dogh effident soysgrdng | aintheAporsnin theelcgll membeaaadba,

adherent cells, ce]l derivat,ves, supc | ar rticles_and/or vesicles or
ever CBuediggr ek e BEraraing DiLugtByd o8l EptechngL  Bier | vat; ves.
subcel lgil ar particles or vesicles can be fused. The circuit arrangenent

descri bed here generates verDKahi_gh field intensities of 2 to 10 kV/cm
whi ch have Thiaesuifi¢eicmatipntof ianeniion g dhusyiac aircyit agnangement Mo i - 8

nol ecul es n.enter the pucl i.nde dentl f the cell.division, These
frera i n DR bmaass B nBadubbn TRERIBGY, Gooldk. Floteuidodiob it on
and far beppishicdijoastivialhidieb@as ihey ted fdefli Ale@P N Highef eLREnBAE asellsn t he
cell nmenbrane (on average 1 kV/cm according to Lurquin, 1997, Mol.

Bi ot echnol Using elgctrig curent whiceain thainteadustion deto; thedniciays isachirredabyar cui t

arrang n N - | I : f, Heye ' L | C i ,
pepti i, " BrisBaAVER, Al Miphdn 2 R85 1 ShERRt Br heDHf B o

cel | nucl etiee ofll hieghigane weal ¥ alursticrebf at laast N0 & andl A cureentr darisitvludrati n t he
introduction intg the nucleus is achieved by a 10 pulse having a field
intensity 2ab2ATRR that sufficient for opening the pores in the cell
menbrane and a duration of at |east 10 ps and a current density of at

| east 2 A?cm 2. The introduction of nucleic acids, peptides, proteins

and/ or ot héhebnhtrsbdadtzal bf nutlei@atidse peplides,| poteins caridier othdr biokdgmallycan be

achi ev$g bgct?vep l#1'1osl(t?zct(j)I]:a&‘,2in’to 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 ys

long.

The circuit arrangément is designed so that the first pulse can be followed
20  without interruption by a current flow having a current density of 2 A?cm™ up to
a maximum of 14 A?cm™, preferably up to 5 A7cm™, of 1 ms up to a maximum

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

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

can also be fransfected.

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-viva gene therapy.



10 kV/cm preferably 3-8 kV/cm wherein the pul se is a maxi rum of 200 ps
|l ong. The circuit arrangenent is designed so that the first pul se can be
followed 20 without interruption by a current flow havingl & MAY 2@ht
density of 2 A?cm 2 up to a maxi num of _}4 A?cm 2, preferably up to 5 A?cm
2, of I ms up to a maxi mum of 100 ns, preferably up to 50 nms in |ength.

Since the rcuit arrangenent nakes transfectjon si.bl e r ardl ss of the
cel . 5nC ol bR EsHit A anGREIA, GRCPtonag 11 e pVeRiar MAkeR dupS e 10 GERiEvg
di vi di ng pfr’aﬁ@(e%tt&ﬁ':héep&ﬁﬁrﬁ'tﬁ%@? df\fiﬁaﬁfé‘r?d fKus k& FrdRier ?f §f§éé%p up

enbodi nents the higher ‘eukaryotic cells conprise primary uma
fi brobl ast ¥ansiegtionexpalimests. 4n a*ﬁmfmluancmcpeememuﬂmg exwess;rm vecioes,| s

transfected using.the ci,rcuit arr enent _accor to t ent|on can
20 be. uesn s Afcdiatc nRiAar B Bl S heih hene phaHe

phar macgut f@@hoprogsrtithk ofarfectiono gene therapy. 1 9 MAY 2004 -9 The
circuit arrangenent according to the invention nmakes it possible to achieve

transfection independent of cell division and thus to considerably speed up

transfecti qpee idolghilaly BEHGE" SRS FRALS YR EX L ERIALT

vectors, anh ana ys S dacco BFEnd expres protéin can be
made even polySatevarides $ipiikt er cbhﬂbmartmmsfmﬁeﬂmtuvﬁseobmuseptnoléumé@@scal ly

active nol ecul es ns. pe » te| ns ol ysacchari des, |ipids or
comnbi nat i o&"gofi‘s Hﬁqua%‘ﬁ%gtbﬁog'ﬁ@ f.'ﬂeefge | ong as they devel op a
bi ol ogygal affinity in the cell. 10 EI ectroporatlon buffers having a high
lonic strength and high buffer capacity are especially suitable for use

with the cHenfioposaticaniydfersthaaingox Highgione strength mndriiglo buffér thpadityl drewi ng
protocol can_be sed t troduce nu?I eic acids into the cell g rcltﬁgs of
a

eukar yot i c 6EReial By’ sut 5@5 or jisg Wiy the giccuil, aranoemerd agcair

invention.

15  The following protocol can be used to introduce nucieic 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 gl electroporation buffer in a cuvette having a 2 mm
interelectrode gap for 10 min at room temperature and then transfected
accofd_ing 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



i ncubated in 100 pl electroporation buffer in a cuvette having a 2 mm

i nterel ectrode gap for 10 mn at roomtenperature and then transfected
according to the conditions according to the invention. | medi gt IM;"Y 2004
afterwards 20 the cells are washed out_gf_the cuvette with 400 pl of cell
culture nmediumand incubated for 10 mn at 37C. The cells are then plated

out in 37C rm.cel | ul tur.e nedi um , Sui | e, cyvettes are conmmercially
ovai | abi 6 dTedpIEEnabiRuAiTat Brporhin e toHhoSeAR SePBrIESRay ng.an
interel ectrode gap or 2 mmor 1 mm for exanple. Evidence that the nucleic
acids enter_the cell nucleus independently of cell division can be

furni shed BWG&ERal ysi ng t he Haplescante Activated getl sartinagded  bet ween

transfecti nd anal ysis. Jhi,s .S achi eved on the one hand by the 30
transfecti ?riil;sgf non- di vi di r{gg;)eéallcf%f SdHh as for exanpl e cells of peripheral

human bl opBMGad on the ot egrighural Blood @hondHurte@lells by an analysis a few
hours after transfection at a tine when at nost a fraction of the cells

can have diRF ded 19 MAY 2002hycpgrytRENnt ol | owi ng abbreviations are used in
addition to those in general use: FACS Fluorescence activated cell sorting
FCS Foetal calf serum PBMC Peri pheral bl ood nononucl ear cells PE
Phycoerythrin 5 Exanples The followi ng exanples illustrate the invention
but should not be regarded as restrictive. 10 Exanple 1 Transfection of
cyt ot oxpc Exasplesf r om human bl ood Freshly prepared unstinul at ed

(non-di viding) nononuclear cells from peripheral human bl ood (PBMC) were
transfected with a vector which codes for the heavy chain of the nouse MHC
class | prdteifplipwinaexamplesghusteate thedgeemion Qi shapld giot hepredasded@spNA i n
a buffer hg%%ﬂ ~&, high buffer capacity (48 mMx pH1) and high ionic
strength ( %'were pl aced at roomtenperature in a cuvette having a

10 Example 1
Transfection of cytotoxic T cells from human blood

Freshly prepared unstimulated (non-dividing) mononuciear cells from peripheral
human blood (PBMC) were transfected with a vector which codes for the heavy
chain of the mouse MHC class 1 protein H-2K¥. 5 x 10° cells together with 5 ug
15  of vector DNA in a buffer having a high buffer capacity (48 mM x pH™) and high
ionic strength (280 mM) were placed at room temperature in a cuvette having a
2 mm interelectrode gap and transfected by a 1000 V pulse of 100 uys duration,
followed by a current flow having a current density of 5 A?cm? and 40 ms.
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 cytométer (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.



2 mrinterel ectrode gap and transfected by a 1000 V pul se of 100 ps

duration, followed by a current flow having a current density. of 5 @{/?cmz
and 40 nms. Imediately afterwards, the cells were washed frdni M¥ Dette
using 400 pi of 20 culture nmedium incubated for 10 minutes at 37C and then
transferred to a culture dish with pre-heated nedium After incubating for

24 h, the cells were successively :s'g)((:uba ed with digoxigenin-coupled
anti - - H 2Kk- anti body and Cy5- coupl e*#MPI® di goxi geni n-anti body, as wel |l as

with a Per GiaggidttRth 8P hunfdrBhadat&os¥iticSteAPEENd yehagpn cytotoxic T cells

and anal ysed using a flow 25 cytonmeter (FACScalibur, Becton D ckinson). The
nunber of ddadd-pekitivevells wrecprerensichiey framifreshly prepared HBMCudeswithede. As
shown in Figure_l, 74.3%of the |liying. cells express t k antigen
whi ch cor r GepBraRmbET B haghgflc obl SRS FSRRE ek P G ke el T 1
Exanpl e52 THeflssiaretthen raixedunien 1haaohirBMEs| pracetiaoyemier withOB3A H-2K*-
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as in Exanfi*xeressign wegreBINA e bulisf havigg ai@sbm%vgapaqt»dSmepH )
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the cells were was vette uslng ture med'i m
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haemat opoi etic stemcells and anal ysed using a flow cytoneter (FACScali bur,
Bect on Di clanibedy, astwell agidth apA upled| anting D34 endibativ éel idaptise himiang wi t h

Pr opi digm iyadhfifopbied WA ddls A Efarfsed sl hoh §aSblet BRSSO
Becton Dickinson). The number of dead cells was determined by staining with
propidium iodide. As shown in Figure 2, 66.7% of the cells express the H-2K*

antigen which corresponds to a high transfection efficiency.

20 Example 3
Transfection of human neonatal dermat fibroblasts (NHDF-Neo)
Human neonatal dermat fibroblasts (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 puise of
100 ps duration, followed by a current flow having a current density of 6 A7cm™?
and of 33 ms duration. Immediately afterwards, the cells were washed from the
cuvette using 400 pt 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 icdide. As shown in



antigen which corresponds to a high transfection efficiency. 20 Exanple 3
Transfection of human neonatal dermal fibroblasts (NHDF- Neo) 1I—€ @Eonat al
dermal fibroblasts (5 x 105 cells) together with 5 | ag H 2Kk- W_e on
vector DNA were placed in a buffer hav_i{?_a hi gh buffer capacity (67 nM x
pH-1) and high ionic strength (380 mV) at roomtenperature in a 25 cuvette

having a 2 I nte ecirode gap and transfected by a_ 1000 V pul se of 100
ps du?at i on 948 'oég‘%’ B{/th& %‘?}%r%?ﬁfeﬁm hh%ﬁ@nﬁg%rmm ceERsPINdIo 8 A2cm
2 and of %mﬁigg%gﬁgfgaiodéﬁﬁg'g?};_ely afterwards, the cells were washed

fromthe cuvette using 400 culture nedium incubated for 10 m nutes
at 37C and then transferred to a culture dish with pre-heated nmedi um
After incubating for 30 5 h, the cells were incubated with a Cy5-coupl ed
anti - H 2Kk- anti body and anal ysed udixample4ow cyt oneter (FACScal i bur,

Bect on & cKiraasfectiorhef huniaer neohatabakblanbéptesas det er m ned by staining

i i dj um i odi de. h ' 9 2004 -12 Figure 3, 93% of, th
el I's” expr LR dertal MERTQAAE S Xo B0 Gelion iadathen wilhe B, e FRoKS
transfecti @xﬂeésfsw QBT NATRR flaced ﬁ@%ﬁ@lﬁéﬁﬁ%\/i@%la{mi@ﬁ%m

cit
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the cel | s R8He3GaR%durationnmediatebeafterwasdagtheocellsl were washed dramdham
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with a Cy5ileanphedfend toHa Q&Kumﬁibigwm ﬁl)‘uihéﬁtednﬂﬁ%mﬁd A(fer(FjIGCgbéﬂrﬁ/\for
cytonmeter (F cal i bur, Bec¢ton D ¢ckinson), The nunber. o ead cells was
det er mi ned%ﬁcﬁleai%ﬁﬁgwaﬁ W%{b@bﬁfﬁi‘fum i Gydecoyried rrtiH (< -antibody and
15 analysed using a flow cytometer (FACScalibur, Becton Dickinson). The 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 ceils 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 buifer
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-ZK"-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.



Figure 4, 75.1 %of the cells express the H 2K k antigen which corresponds
to a very high transfection efficiency. 20 Exanple 5 Transfection of human
endothelial cells fromthe unbilical vein (HUVEC) Endot hely glmqebobﬁ from
the human unbilical vein (1 x 106 cells)atogether with 5 pg

H 2Kk- expressi on vector DNA were placed in a buffer having a high buffer
capacity (67 mMx pH 1) and high ionic strength (378 nV at room
tenperature 25 in a cuvette havi ng &Example @t er el ect rode gap and

t r ansf ect edrapsfectithDofMhephlismrotelllife p662ur at i on. | medi atel y aft erwards,
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15  transfection efficiency.

Example 7

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

20 In order to investigate the transfection efficiency and the average fluorescence
intensity of transfected celis 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

25 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

30 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



the cells express the H 2Kk antigen which corresponds to a very high 15
transfection efficiency. Exanple 7 Transfection efficiency and average
fluorescence intensity of Cycle3- GFP-transfected CHO cells DO MAY gopdler to
investigate the transfection efficiency,gand the average fluorescence
intensity of transfected cells. as a functlon of the quantity of charge

flowing in the ecq ulse, espectlv X 106 CHO cell s together with
5 g Oyol o Sharas, alTostkaline P B reeshed %oreh@et@oam BAierreesiaea

cuvette hayhigy dphethdt @ﬁ@'.ﬁ&ﬁera%eemggy »oﬁt. : % Scﬁge\%p Vﬁ@?éa%ﬁ;qheyc& rehft00 V.

10 ps pul se and 25 subsequent secon ng 1 n e varlation of

t he cur r enintensigh@ipen Qilrclesdmrtimeasiagﬁm pulmdelpgms(elasedmjrcmsﬁ er cultivation
for 5 hours, the cells were analysed using a flow cytoneter. Figure 7
shows the transfection efficiency determned as a function of the integral
of the gurrent over the pulse tinme (#ffm pugntity of charge Q. It is found
that the transfection efficiency can be go I ncreased with increasing
current i niléanstegtiospefficiensycand ayverager dworeseence infrnsity wfnByelas3-t he

sane Cu”e'&FP?uta%%Et)édoﬂfnlkg? hger hand results in no appreciable

I ncrease in efficienc 04ed circles). The fluorescence intensity

(brightnesn oﬁderttbanwai@afeameeﬂangfebﬁom effickargsad te avera ésmgemaéi ty of
1 9 MAY 2004 -14 charg Qiﬁﬁ’d W t h saturatlon bei ng reached Q.
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I ncr eaghng r 1l se
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fl uor escen&cl?-wemﬁDNAoﬁerQ/piheéd irGeRdtroposdtect bdffémmkatcwetté havingader to
i nvestigate ransfection efficien and the ay fluor es ence
intensity yyte fé pen Q;egl@"h§n9 V@%ﬁ??t&ﬁ BY & ﬂ@oggz’nflptlﬁﬁ %ﬁf‘ﬂe
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with 5 pg Cycle3 G-P-vector-DNA were placed in electroporation buf In a
cuvett e haeurgnhdensity and pulse time. After cultivation for 5 hours, the cells were
15  analysed using a flow cytometer. Figure 8 shows the transfection efficiency
determined as a function of the integral of the current over the pulse time (the
' qguantity of charge Q). As when using CHO cells, 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
20 results in no appreciable increase in efficiency (closed circles). The fluores-
cence intensity (brightness) of the transfected cells increases with increasing
quantity 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 iength {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



i nterel ectrode gap of 2 mmand transfected by a 1000 V, 10 ps pul se and
subsequent second pul ses differing in the variation of the cyr ﬁn% 20
intensity or current density and pulse tine. After cultivatio f\ r Qé
hours, the cells were 15 anal ysed usingy@_ flow cytoneter. Figure 8 shows
the transfection efficiency determned as a function of the integral of

the current over the | se tine e uantity of charge . As when using
CHO cel I s, tI1<’='_emgsar1'- Hﬁﬁ%\’%@ﬂeﬁ_@ ot 2 _Wg‘/’%?tﬁﬂ ve%gg)O& #eH$ REiS€ased
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time for the sane current intensity ot her 20 results In no
appr eci abl ericnmeshdensity and pulseridme ( Aftes edltivatian &w)3.5 Toers,| thercells veamce

intensity (brightnes of the transf wed cells increases with jncreasing

quant ty” of KRR Wi CobrrolBled BRfaTEkerng malemburBn Rt SRR or

di ff er epceFigure 6oshsvavied hpinsféRionneffRsityl de@ritifed @i 8VRfciivn idictheasi ng

the current intensity (open circl es% or i ncreasia;}g the pulse Iength (closed
Y

25 circl es)ntegredbitiee gurentreveasdhe prisss fimei(Brequ &b shawge €).Udisctoswdce
i nt it 2K - t l. d . i t
e o R rando AT Shdehdl 4L 50 here el el Berd e ©

t ransf ect ednhteasbitys (@sera cirulee).i An intrddde muthy pulscofimehfurodel sawengurrént t he
second pul se, r_espectivel%3 1 x 106 Jurkat cells together with 2 pg of H2Kk-
expr essi on IMERsHr opneetier phard deswits i o peredialla ipcrease imefliidantte 1
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1000 V, 10 ps pul se sequent seco ses ering In

vari ati on dfcrehges withencreasingnguantity af charge @, itn satyration beirg redched.

After cultivation for 3.5 hoyrs, the cells r i ncuybated with 5- coupl ed
Aot ok i, Ko TSR gHiSientes edabnwhener gis dngeare Ghias
transfecti genRivEHCHE WoreSShE RENQHraR ﬁatéﬁg\gi t{openOtirdif® of M@8hsihgdthet NE
current over the pu)fse ti m_eg(the guantity o c(?(ki;’)leafrge Q)ngﬂ (I)t Ii S ?ou%d et hat

t he transf @eisedengttjclisedgjrelas). be i ncreased with increasing current

intenskgy (open circles). An increase in the pulse tine for the sane
current

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 dermail fibroblasts,
25

Figure 4 shows a transfection of human neonatal dermal melanocytes,

Figure 5 shows a fransfection of human endothelial cells from the umbilical
cord,
30
Figure 6 shows a transfection of the cell line K562 (analysis 4 h after

transfection),



intensity on the other hand results in no appreciable increase in
efficiency 10 (closed circles). The fluorescence intensity (brightness) of
the transfected cells increases with increasing quantity of 18hHAGE00®, with
saturation being reached for high Q Neo.major differences are found

whet her the increase in Qwas achieved by increasing the current intensity
(open circles I nhcreasing the pulse length (closed circles). 15 The

i nvention iFgg@?g;f ashRys @Gr'ﬂﬂ%?t' t'Pﬁ Cifetf‘@rt@\"%éeqt@nt?féc’?ﬁwé\ﬁ adinction s, 1n
the figures 20 Fig ; r?qrgef i f pe T from
human bl ood, Fi gurg{egcs e:)r{\}sq”%ntg‘rt% stlecﬁiiq%nﬁoq Eﬁ?nﬁtﬁ%E?E%@ep?gcght@&é)gel S
from human bl ood, pragsion Bterisitysasaa furmtiohadtthe muahtityuoferharge nexpdrinoentnal
fibroblasts, 25 Fi &ur(j 4@_@% 3 transfection of human neonatal dernal

mel anocyt es, Fi gur ¥SB9I0R P 4REf ecti on of human endothelial cells from
the unmbglical cord, 30 Figure 6 shows a transfection of the cell |ine K562

(analysis 4 h after transfection), 1 9 MAY 2004 -16 Figure 7 shows an
i nvest i gat iFdererd ¢ plows ansneestiagationrqafitbe drangiedioa efliienty@sod fundtiencafr r ent

intensity, pulse tj 4 r n f - e}
intensity as a fun{cl-{éle%l% ot%ggﬁ{é)ﬁ{%ﬁ @'mgf&&@f%g?ygigﬁ?ﬁ%eﬁé Sﬁgenég}('t he
CHO cel | line, 5 Fp@ssnSinkeity aana funotidhidahé Quaiityt dfecHargs séaadringent
efficiency as a function of the current intensity, pulse tine and quantity
of charge and of tWengthe duydaérahlingt ensity as a function of the quantity
of chakge, experinent using the Jurkat cell line, 10

Figure 8 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 function of the quantity of charge, experiment
using the Jurkat cell line and the surface marker protein H-2K¥,

15
Figure 10 shows a block diagram of an electroporator circuit,
Figure 11 shows a circuit diagram of a control panel,
20  Figure 12 shows a circuit diagram of a card reader,
Figure 13 shows a circuit diagram of a supply unit,
Figure 14 shows a circuit diagram of a HV power supply,
25
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



Figure 9 shows- an investigation of the transfection efficiency as a
function of the current intensity, pulse tine and quantity of charge and
of the ex- pression intensity as a function of the quantity 10§ b ,
experiment using the Jurkat cell line and the surface marker protern H 2K
15 Figure 10 shows a bl ock diagram of an el ectroporator circuit, Figure

11 shows a circuit diagramof a control panel, 20 Figure 12 shows a circuit
di agr am of FOWe 1@ iscadiow dipgam do18xplaimwvihe, seapense ofi higr Bulsst dalivargpl v

unit, Figure 14 shﬂwgegs‘%rcuit di agram of a HV power supply, 25 Figure 15
shows a circuit di'agramof an HV switch, Figure 16 shows a circuit diagram
of a current regulating system 30 Figure 17 shows a circuit diagramof a

flash recogniti 0 L gur 0 | I GU} j a trol
Syatem - and ot Sk he A Endiiofi dhalisid df PBMK NBER Bandneefl |
sequenck® otranbfeched swittleIH-QKF-yexpreBﬁEﬁsg\ﬁectﬁ-gtﬁhe Jce?lbow&eééhesuﬁbewsively
cytonetric, anal ysis of PBMC which ha e transfected wt .

H- 2Kk- expr gw%é}(rid,&@gd}hgoﬁﬁ%m@équl%g?Btig'ﬁ}%g@gtlb ¥ aPd Ceypreeplgd ianti-

di goxi geni gy L ' ANk Redy [ L -

di goxi geni gi_ant br@g?ﬁﬂggd%%(%@ \%\nét h a%ﬁ&@?ﬁg@dggﬂ@%ﬁpgﬂ l;((c))dy to
i denti fy hidenify jhuotaxicytotoxiel T sellsdante merarariafed  usingga didw eytameteret er

(FACScal i b ecton [i ckinson). (FL- L3 =_flLuorescence, channel 2, 3;
10 Soe L olbAGSERE, Addon taBkinsoBl i1 2. & NGleResies gbRnaEhen &

chl or opdy! IsS@EOSigbWardBeatterl FSIRE fBfwaldf @Rt PaidPR) pefidifii &nidrophgns t he
flow cytonetric analysis of CD34-positive stemcells enriched from PBMC
whi ch had peadain, Cdhsfalustesoldiffarantiaii@nlexpr essi on vector. 15 The cells were
successi vely incubated with phycoerythin-coupled anti-H 2Kk- anti body, as
well as with a APC-coupl ed anti-CD34--antibody to identify human

Figure 2 shows the flow cytometric analysis of CD34-positive stem cells

enriched from PBMC which had been transfected with H-2K*-expression vector.
15 The cells were successively incubated with phycoerythin-coupled anti-H-2KX-

antibody, as well as with a APC-coupled anti-CD34-antibody to identify human

CD34 positive haematopoietic stem cells and were analysed using a flow

cytometer (FACScalibur, Becton Dickinson). (FL.-1, FL-3 = fluorescence

channel 1, 3; SSC = sideward scatter, FSC = forward scatter, PE = phyco-
20  erythrin, APC = allophycocyanin, CD = cluster of differentiation).

Figure 3 shows the flow cytometric analysis of human neonatal dermal
fibroblasts (NHDF-Neo), which had been transfected with H-2KX-expression

. v'ector. The cells were incubated with Cy5-coupled anti-H-2K* and analysed
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).



CD34:-positive haemat opoietic stemcells and were anal ysed using a fl ow
cytoneter (FACScalibur, Becton D ckinson). (FL-1, FL-3 = fluorescence
channel 1, 3; SSC = sideward scatter, FSC = forward scattenr,g Ry @oco- 20
erythrin, APC = al |l ophycocyanin, CD = cluster of differentiation) Figure 3
shows the flow cytonetric analysis of human neonatal dermal fibroblasts

( NHDF- Neo) .. whi ch had been transfected wth H 2Kk-expression vector. The
cel I's wer e Fighfenarshows the tow cdemetis analysis ofiendathalial ralls Seemmimanng a

fl t lidr RGNS aH , N Dk Gl -1 -Ak El -3 =
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scatter). FegoreThe stadsswete ifdubatery withe Cy5coapkidy aht-H2Kh amh analysad al

Vector. Thusi Al cypmeter CUAGEAKir: Reelfs: DRI ait-] +f ok B =

anal ysegl Ufi8fsteht®Bhakidionet e S?@ﬁgﬂv%d% rg.ca@&?m Difskiaradhttef)fL- 1,

FL-2, FL-3 = fluorescence channe , 2, 3; SSC = sideward scatter, FSC =
forward scatter). 1 9 MAY 2004 -18 Figure 5 shows the flow cytonetric

| ysi . Li al | |.s f h unbil | cal H ..wwhi ch had
AR L R O N PR L Lo
wi th Cy5- cpufl msbrattbhsfdcigkwith H-2rélexprsbsiors vagon The ey Wi tistubated
(FACScal i bur, Becton Dickinson), (FL-1, FL-2, FL-3 5 fluorescence channel

1, 2, 3; swith-Cypweupled antiattak’ apganalyseduksion sclewometeuFAGSetlows t he
£ i IS h | bi | h
{r anss 100 oBUE EeRBR HHBGSGH). (ACATHIRS K55l HuBBsPaNG Mamb 1% AT,

Cy5- coupl ed stwaid statier dFSiCantiryarblseationy a fl ow cytoneter (FACScali 10
bur, Becton Dickinson). (FL-1, FL-2, FL-3 = fluorescence channel 1, 2, 3;
SSC = sideward scatter, FSC = forward scatter). Figure 7 shows a graphical

repr esent afjgiyeof Sﬁ%?’ %E%‘rﬁ?gﬁ:t‘ékteﬂ?%r{téﬁr?ﬂp%eﬁfargf@tioﬁeéfhéieﬂ{i’g OEE?I@V erage

fl uorescence I ntensit e positive cells as unction
of the quanels gndthe heerggefudnésdenisadntehsitye thrighitre sSSHOf thel pssitiez eells as

s ng 2 11 BullbGrenet e aapad Y Sires @G bed Ronéih hectsll adls wares
transfected with Cycle3-GFP expression vector and analysed after five hours
using a flow cytometer (FACScalibur, Becton Dickinson). Closed circles
correspond to a gradual increase in the pulse time for the same current |
intensity (2 A) or current density (4 A?cm™), open circles correspond to an

20 increase in current intensity.

Figure 8 shows a graphical representation of the transfection efficiency of
Jurkat cells and the average fluorescence intensity (brightness) of the positive
cells as a function of the quantity of cha‘rge Q which has flowed. The Jurkat
25 cells were transfected with Cycle3-GFP expression vector and analysed after
five hours using a flow cytometer (FACScalibur, Becton Dickinson). Closed
circles correspond to a gradual increase in the puise time for the same current
intensity (2 A) or current density (4 A?cm?), open circles correspond to an
increase in current intensity.
30
Figure 9 shows a graphical representation of the transfection efficiency of
Jurkat cells and the average fluorescence intensity (brightness) of the positive

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



correspond to a gradual increase in the pulse tine for the sane current
intensity (2 A or current density (4 A?cm 2), open circles correspond to
an 20 increase in current intensity. Figure 8 shows a grapHi&&AY 204
representation of the transfection effigiency of Jurkat cells and the
average fluorescence intensity (brightness) of the positive cells as a
function of the quantity of charge ©O which has flowed. The Jurkat 25 cells
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on the field strength and the pulse duration. The power semiconductor 9 can for
éxample 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 rheans 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 é 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 controlied simultaneously. For this purpose the
diode 17 is connected fo 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 poteﬁtial
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



on the field strength and the pul se duration. The power sem conductor 9 can
for exanple consist of an | GBT and the power sem conductor 10 can consi st
of a MOSFET. However, the term "power sem conductor"” shoult (’f’é}‘rﬁn@"se al |
ot her electronic conponents or conponest _assenblies by which neans the

vol tages 20 and currents to be switched within the scope of the invention
can be switched vm'th_tp_e required swi.tching tipes. The output of the | GBT

i s direct | PEBMIRY SWtChRgH _%gééf‘toéfi%ﬁﬁ’n g BROYEA FHEFBRSWIFHROTHIR 1t  of
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el ectr gorg%or 1, one or a plurality of high-voltage power supplies 5, 6
wtht 10"t el evant storage devices 7, 8 and the necessary potenti al

divider stages 11, 12 and HV switch 13 or regulating unit 14 to control

t he power sem conductors 9, L
The following Figures 11 to 18 shows the circuit diagrams of the individual

components in the block diagram.

20 Figure 11 shows a circuit diagram of the control panel for entering the
parameter signals to be set wherein these can be preselected via a pushbutton
switch 30 and checked visually using display elements 31. LEDs 32 shows
when the equipment is ready for operation. The necessary parameters are
prepared in the circuit and transmitted 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 1560/230 Volt changeover switch 35, a transformer stage 36 with

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



10 can be used. The storage devices 7, 8 are equipped wth one or a
plurality of capacitors of the required capacity and breakdown voltage so
that a suitably high quantity of charge can be stored and fraMeY 8ed to
the cuvette connection 15 15. The follpom ng Figures 11 to 18 shows the
circuit diagrans of the individual conponents in the block diagram 20
Figure 11 ram.of th for entering the

sho a,circuit dia cont rol  panel
paramet or BIORS i, NEEESEAT  HRFE RO KRSt W 1 cBUPOSE e RILEAILY of
pushbut t onyoltadd fduBloANSs aRefistrtediattérithy ratsifiegadi spl ay el ements 31. LEDs
32 shows when the equipnent is ready for operation. The necessary

paraneters are prepared in the circuit and transmtted via a connector 33
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storage device 7 is fed to
15  Figure 15 shows a circuit diagram of the HV switch 13. The HV switch 13

receives the signal HIN generated by the pulse monitoring stage as shown in
Figure 16 to control 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 solder 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 8 in the event of a preset maximum current rise being exceeded. The
first solder pad 41 is further connected to the voltage output U, 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.
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so that after the HV pulse has been delivered, the quantity of charge can
be mont®or 84PRWa the current regulating unit 14 as shown in Figure 16

Figure 19 shows a schematic flow diagram of the operating sequence of a
pulse delivery process controlied by the control unit 3 (see Figure 10) according
to a preferred embodiment of the invention. First, the required pulse parame-
20 ters are predefined manually or by reading out a memory card (not shown).
After starting the process {e.g. by actuating a corresponding trigger button), the
ohmic resistance of the cuvette is first measured by briefly applying a low
voltage (e.g. 12 V) to the cuvette connections 15, 18 and a subsequent current
measurement (e.g. for 2 ms) in step 44. As part of the interrogation 45 it is
25 checked whether this resistance lies within a predefined window. If not, the
subsequent process is interrupted. The measured resistance is not used
subsequently to calculate the charging voltage U, in the present embodiment of
the invention. If the resistance lies in order within the predefined window, the
storage devices 7, 8 are charged to the predefined voltages U, and U in step
30 46. When the desired charging voltages are -achieved, the charging 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



10 The pul se paraneters can thus on the one hand be preset nmanually and on
the other hand via a card reader so that when a pulse is triggered
manual |y via the existing regulating electronics, a high-yo yggenul se
with or without nonitoring of the flom% g current and if necessary, a
continuous current signal with nonitorfhg of the quantity of charge can be
delivered via a second HV power 15 supply. Figure 19 shows a schematic
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hi gh- vol tage pul se then begins in step 47 by closing the sem conductor
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(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.



sem eonductor switch 10 is already closed a short tinme before opening the
first sem conductor switch 9 so that there is an interruption-free
transition between the two pulses. In the short tine i nt er viaP MAY B4 ch
both hi gh-voltage switches 9, 10 10 are,gl osed sinultaneously, the di ode 17
prevents any hi gher voltage from being able to flow fromthe storage
device 7 into the storage device 8. The sem conductor switch 10 then

remai ns open (provided that the maxi mum current is not exceeded by an
overcurrent cgLAf 22) until the predefined charge Q has flowed

t hrough the Lﬁ%f;_@_ﬁ_&_&%ﬁ this purpose in step 49 the 15 current flow ng

t hrough the cuvette is neasured and integrated in predefined tine
intervals (e.§. 1 PRtropsratgon as the predefined charge has been reached
(see interrogation O)é the switch 10 is opened and the routine is
terninafed. he c%‘g'af #RQ UK the storage device 8 is selected so that the
vol t age decreases Cgmteolualil y or slowy during the duration of the second
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time limt hagg be Z;&g@&%@ﬁ 9 MAY 2004 -24 Reference list 1

El ect ropor at or 5e|gv justi, Blunit 3 Control unit 4 Voltage supply unit 5
HV powd? supply 6 $ioragseevisepply 10 7 Storage device 8 Storage device 9
Power sem congluct agtorddk Rewee sem conductor 11 Potential divider stage 15

12 Potential giviqsr 8898 onductor

10 Power semiconductor
11 Potential divider stage
15 12 Potential divider stage
13 HV switch
14 Regulating unit
15 Cuvette connection
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



13 HV switch 14 Regulating unit 15 Cuvette connection 16 Resistance 20 17
Di ode 18 Cuvette connection 19 Resistance 20 Overcurrent cutoff stage 21
Switch 25 22 Overcurrent cutoff stage 23 Switch 30 Push-buttoh3smivt gfpy 31
Di splay el ement 32 LED 30 33 Connector,..34 Card reader 35 Changeover
switch 36 Transformer 37 Rectifier 35 %8 Vol tage regul ator 39 Regul ating
stage 40 Transforner stage 1 9 MAY 2004 -25 41 Sol der pad 42 Sol der pad
43 Pul se noni#4bri n§okkeagad 44 to 51 steps - 2 6 - 1 9 MAY 2004 Clains 1. A
circuit arranggnenéoi‘(]%rrpiaat roduci ng nucl ei c aci-ds, peptides, proteins

43 Pulse monitoring stage
44 to 51 steps



and/ or other biologically active nolecules into the cell nucl eus of
eukaryotic cells by neans of electric current or for the treatnent of
cells, cell derivatives, subcellular rticles and/or VGSIC|Q§ wi th

el ectric current, consisting of at Feggt “two storage devi ced @WW am*for
gquantities of electrical charge, each supplied by a high-voltage power
supply (5, 6), each having at |east one power sem conductor (9, 10) for
transferring the quantities of charge present in to the storage devices
(7, 8) into a 10 suspension in a cuvette and at |east one control device
for controlling the power sem conductar (9,10), mhereln the first storage
device (7) is charged with a preset VSE?EQ% (Ul) as 'a paraneter and the
second storage device (8) is charged with a voltage U2 = R x 12 x K2,
wherein R is the resistance of the cuvette and the suspension contai ned
therein, 12 15 is the desired current and K2 is a correction val ue which
t akes i nto faccoéncirtlit apramgemerdsfoofinfroducing etucksic avitis)pepdidest peoteimst r ol

device is desi t 9
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(8) can also be tra erre
sem conduct or (1®I)e pgwerrﬁ@rwpae@u@toam élﬁbéﬁ%ﬁle"héf&)ftﬁtrﬁomec@%\ﬂw {7ois 2, 1

9 MAY 2004 -- 2 ‘Bharged with a preset voltage (U;) as ‘a parameter and the second
storage device (8) is charged with a voltage Us = R x I x Kz , wherein R
is the resistance of the cuvette and the suspension contained therein, 1>

15 is the desired cutrent and K; is a correction value which takes into
account the properties of the cuvette, and wherein the control device is
designed to control the power semiconductors (9,10) in a way that at
feast one first pulse with the capacitor voltage (U1) of the storage device
(7) can be transferred to the cuvette for a préset time (T4) by controlling

20 a power semiconductor (9, 10), wherein the delivered quantity of charge
of at least one pulse in at least one selectable fime interval can be
measured by the monitoring device, and wherein a preset desired
quantity of charge is compared with the delivered actual quantity of
charge and on reaching or exceeding the desired quantity of charge, the

25 power semiconductor (9,10} is blocked. "

2. The circuit arrangement according to claim 1,
characterised in that
without interruption at least one second pulse with the capacitor voltage
30 (Us) of the storage device (8) can also be transferred to the cuvette by
controlling a power semiconductor (10). “

3. The circuit arrangement according to claim 1 or 2,



characterised in that the delivered quantity of charge is determ ned from
the difference between the original charge of the correspondi,rgg”ﬁ Offge
device (7, 8) and the residual charge. 5 4. The circuit arrangenent
according to any one or several of claims - 3, characterised in that the
first power sem conductor (9) transfers a pulse of 2 -- 10 kV/cm having a
duration of 10 - 100 ps and a current density of at least 2 10 A- cm2 to
the cuvette and tcheragtersad ibdiet seni conductor (10) transfers a pul se

having a current ylengdifhvéref quamtityl ‘of eRardedRd dteMNEIUFbAULRE | GiffeRinct00 nB
W t hout |nterrugg)| %rv\ 5. The ci r(,:cgllgt ariggegerrent accfordl ng to, an &Fe or
several of clai mbefween the pfiginal chargs o CAresRANdInG sterage; day » @or
determ ning the dekltheresidabbsigirgean be specified as synchronous with the.
delivery of the charge of the first and/or preferably a second or each

further | se. 20 6. The circuit arrangenment according to any one or
several of d.ai ndhe circhijt arcargeseentraccocding ta Aay onherseversi obpiaimed € 82) of
t he second pul se iSREmithaed by conparing the desired quantity of
charge with the g@?ﬁhaﬁ?&éuan@itbgﬁof char?e del i vered b?/ t he neasur enment
time and ends whdhe tfisgl BeWEF &gmicordupian{: {ransfesh @ gulsesof @acht@ kVicmThe

circuit arr ang?%ir@ﬁ%%ﬂ@nt& PO 900 |94 ahaVEciirredit dandi ! flat le@st 2
characterised in that,in order tq det eCLr%ne 't he act ual guan‘%ﬁﬁqy f zﬂﬁrge
there isirovi ded$M 30tondbg eYvVRIteE: ANd: the s€ PaYsE, gpi ”ﬁgﬁt time
(T2) ]E hedcapaci thansﬁ?htagwlde?imsa expentricnaity yofaRd- of rreaedit rand be
specified quantit . . ' uctor (9, 19) can be
bl ocked. 8. The ﬁ?’gﬁ'\uﬁgﬁﬁéﬁaeﬁqé &%c@%ﬁ?&hgﬁ@qone or several of
claine 1 - 7, 35 characterised in that
5. The circuit arrangement according to any one or several of claims 1 — 4,
15 characterised in that -

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 6. The circuit arrangement according to any one or several of claims 1 -5,
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
charge delivered by the measurement time and ends when the desired
25 quantity of charge is reached.

7. The circuit arrangement according to any one or several of claims 1 -6,
" characterised in that
in order to determine the actual quantity of charge there is provided a
30 measuring cycle of 1 msec, wherein during the time (T2) the capacitor
voltage decreases exponentially and on reaching the specified quantity
of charge (Qz) the power semiconductor (9, 19) can be blocked.

8. The circuit arrangement according to any one or several of claims 1 -7,

35 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



after at |east one pre-determned tine interval after delivering one first
and/ or second pulse the flowing current is nmeasured and if tht9 gxeeoges 1 9
MAY 2004 28 or falls below a desired val gg t he duration of the pulse can be
readjusted in order to keep the deliver quantity of charge constant. 9.
The circuit arrangenent according to any one or several of clains 1 - 7, 5
characterised in that after at |east one pre-determned tinme interval after
del i vering one f ior fdlls Belowar dssicanhwialpe tise dutationl of the gulser cambe irgadijvstedr ed
and if this exce I I e \ or nmessage is

gi ven. 10 10. Thi'g§{qegﬁ?Ikgéb?%%ggtr?r‘yeénr?dg@?@?‘%gﬂag&%ﬁgﬂ%ﬁé{or several of
clains 1 - 7, characterised in that after at |east one pre-determned tine
i nterval afteer detvardf h it el 1ng
current o teasurdl Qe oAb o B B O ™2 e
the desir®d val u€haactadsgdi®®gt 15 11. The circuit arrangenent according

to any one or seygtedlatdéastl Mamprd-detetfhinadh dimrcingeivabdften delhedrirignene first

pre-sel ected setti aranet er.s qf the. pul se Ti 2 be
i nput manual |y ora"%fg%ﬁcé’ﬂﬁﬁﬂ“%e @]ﬁjﬂ‘?‘”@% %éferﬁ,h%n@a}s&lﬂ%tfaggﬁfa%%%%a&s
accordi ng to any cofalisobeleeneedasirest vallaj as efror mssaghas gbveer i sed_in that an
overcurrrent cutoff is provided for the first and second pul se. 25 13. The
circuit arrangenent according to any one or several of clains 1 - 12

char act et@ séd.i n Theagireuiarangemeniacorrding thany opetarseveral of slaimsclrdie W2

can be nmeasured RardctbASeFirPhae neasurenent before controlling a power
sem conduct or (9, 5 .30 ) . . i
after at least one pre-determined time interval after delivering one first

and/or second pulse the flowing cutrent is measured and if this exceeds
or falls below the desired value, the desired value is readjusted.

16
11.  The circuit arrangement according to any one or several of claims 1 —
10, characterised in that
the pre-selected setting parameters of the pulse (U4, Ty, Iz, T2, Kz} can
be input manually or by entering a code.
20

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

25 13. The circuit arrangement according to any one or several of claims 1 —
12, 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 (9,
10).

30

14.  The circuit arrangement according to any one or several of claims 1

12, characterised in that
the resistance R of the cuvette used to calculate U, is predetermined.

35 15. The circuit arrangement according to any one or several of claims 1 —
14, characterised in that



14. The circuit arrangement according to any one or several of claims 1 -
12, characterised in that the resistance R of the cuvette used to ul ate
U2 is predeterm ned. 35 15. The circuit Q1 rangenent accordi ng 1ty \zsﬂ[‘@ne or
several of clainms | - 14, characterlsecgln that - 29 19 MAY 2004

pre-selected setting pararreters of the pulse (U1, T1, 12, T2, K2, R) can be
read in via a menory card. 16. The circuit arrangenent according to any one

or several of cl réf%elededLEettlné ;rdaam@cérgrdfsl%ipu&etdwm 1dev), 46, ?canw ded
for nmeasuring and r(gcor proflle of the voltage applied to the

cuvette and/or tHhed U}Y'@rﬂﬁﬁnm At hrough the cuvette and that the
nmeasured tinme profile of the voltage and/or current can be stored on a
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cells. 18 Use ofchanacterisediinthat r angenent according to any one of clains |
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arrangenent accordi n one

t e lra on of
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one of claims 1 cuﬂfétté@rnd thae thia arkardd ﬂmeqﬁrolﬁtsmfﬂ@wﬂtagyemwnrrem |'s
of human bl ood. 21. the circuit arrangenent according to any one of

clainms | - 16 foPa"t%StPf%QP@cml BIPT6 L3Rt nary human fi brobl ast s,

endot hel 1@l cells, nuscle 25 cells or melanocytes. 22. Use of the circuit

arr angenent cor, I'l's,
cel l gerl vatﬁ\:/es L‘ijéeng fl’% af%'toma'ﬁ I":'es anéJf%ng\]}gsé@;oné ngf#?bo{])s% f?'e
eukaryotic cel | s the fiagstastied qtnqureacnat ef dividing aukamygbersals. according to any
one of clainms | - 16 for analytical or diagnostic

18. Use of the circuit arrangement according fo any one of claims 1 - 16 for
15 the transfection of primary cells.

19. Use of the circuit arrangement according to any one of claims 1 - 16 for
the fransfection of human blood cells.

20 20. Use of the circuit arrangement according to any one of claims 1 - 16 for
the transfection of pluripotent precursor celis of human blood.

21.  Use of the circuit arrangement according to any one of claims 1 - 16 for
the transfection of primary human fibroblasts, endothelial cells, muscle
25 cells or melanocytes.

22. Use of the circuit arrangement according to any one of claims 1 - 16 for
the fusion of cells, cell derivatives, subcellular particles and/or vesicles.

30 23. Use of eukaryotic cells transfected with the circuit arrangement
according to any one of claims 1 - 16 for analytical or diagnostic
purposes.

24. Use of eukaryotic cells transfected with the circuit arrangement
35 according to any one of claims 1 - 16 for the manufacture of a
pharmaceutical product for ex vivo gene therapy.



purpeses. 24. Use of eukaryotic cells transfected with the circuit
arrangenent 35 according to any one of clains 1 - 16 for the manufacture
of a pharnmaceutical product for ex vivo gene therapy. 1 9 NAY MA9O0z04 30
Sunmary The invention relates to a novel, circuit arrangenent for

el ectrotransfection or el ectrofusion, b ch enabl es the transportation of
DNA and/or other biologically 5 active nolecules to the nucl eus of higher
eukaryotic cells or the fusion of cdbtmmanyndependent of cell division and

with reduced cell nortality.
The invention relates to a novel circuit arrangement for electrotransfection or
electrofusion, which enables the transportation of DNA and/or other biologically

5 active molecules to the nucleus of higher eukaryotic cells or the fusion of cells,
independent of cell division and with reduced cell mortality.



