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In the past cell culture media (Anderson et al. (1991), J. Biochem. Biophys. Meth.
22, 207) or salt solutions buffered with phosphate or HEPES (Potter et al. (1984),



25 Friedrich et al., 1998 (Bioelectrochem and Bioenerg. 47, 103) showed
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*1-* * pH'. Wth regard to the ionic strength a range between 200 and 500
mml 1-', preferably between 250 and 400 mmol * |-' has been found to be
particul arly advantageous. In general, there is thus an optinumin rel ation
to buffer capacity and ionic strength, depending on the cell type and the
other experimental 15 conditions, theré-being an interaction between these
two paraneters. In another preferred enbodiment it is provided that the

buffer s IH% %ggﬁé"ﬁlﬁfej‘tsfé %a.%tsui'toom'mcrebsé nHBtHBeéddHUcWﬂS O3

preferab nesi umions. Contrar f| ndl ngs so

far, it Tﬁ&@%ﬁﬁﬁﬁ)sﬁ@wsbe’erﬁﬁ oled)t Neumapnng al. |(1‘|9f33g %Mﬁ%r’ de®ftding to

the i nverieherin &\ N(1001§ aibphyijgBocgogent rations, can bring about an
increase in the transfection rate and to a si gnlfl cantly greater extent

t han coul d be expl ai ned by the sinultaneous slight increase in the ionic
st r efgt Furthierhiore, it ages ptdpesbdfthat theavuftrdhauid bagnatshedwath @gade t¢ MgCl 2)

and/ or ner%?ﬂ?(?élﬁ'& ) ltr?@ﬁ’;t%c{ehwgéqé%ndﬁlgp% M %?dgrsf?)efﬁ'c?éf{s)é @%VMI@QP & of

enbodi f OVI er accordin e |nven 1 on has a
| ower cotheecmHSatTrtm & bptieaveaving highspgtrsgiunppad é@Wb!S@demt gomcenttions| -

K+ and @orhé@%‘ﬁﬁlrffgoﬂﬁﬁ@ eytbb%n%hé%' whseasso(a@fa rweeﬁ%rn@b&dnaiage dfO 150

O ared tec§to asm of the cel Thus, th

buf f er Jbeattiaealivigr tN)'f‘ {fe r?‘l’ﬂ/éﬁ‘t Aokesy ?U%?B%@Xpbaﬂ% W'?\tthﬁc@?rﬁﬁl ar
gla”l g+ rtmed bﬁlthé aélhﬁfer?]@r)ahﬁétﬁﬁiriguhére1e¢tﬁip(ﬁétf|@’f fx/aw@érfﬂbﬁlel al. h(nsgﬁ)es pect .
urpri si 0 r i 0 _ngga cts on e ,cel
covor t nbBiods MG B0k & aRapsnfE T hay 392l AR 3 1RdhglaT il bRy el
sur vi vaItramfectmﬂﬁeffk;lem:yadaaﬂemm@micbrypquewhdenjgtehaeldt steerigiih fraghexctbandi ng
to the |{3f(%1{,c&% cont ai ns HEPES and/ or Na2HP041NaH2P04 as buffer substance.
|

However or KzHP041KH2P04 can al so be used as buffer substances.
Furthernore, the buffer nmay al so contain additional conponents) for

exanpl e, AR Rk BurEhkBitidAs cfé%@hH@&i SO érﬂdﬁ&év@aqﬁveﬁﬁ@%é@dvanﬁg@m thgodi um
| act obi onate and/ or_ peptid é\groups of buffer s % [ns eaca pbl m sed
o di 't Rahtiectan SripEien AehiarRt dhal Bt o % RIANEN bW aadit il y
advant agiegrss carapest uikibte Gdr apisticatibh efuringsthleuéleotrspaation tf ngLiésceriteor

i nvention, HOVC\F%S'E‘Q C[e:qher conpositions are al so possible within the scope

of the iWGBRY 3t these exanpl es should not be understood as a
restrlctlon 4 - 6 MMKC, 10 - 20 "M Mgd 2 and 120 - 160 nM

041 4 - 6 NMKCl, 10 - 20 nfMMWd 2, 5 - 25 nM
HEP gaggpgﬁ*l&gtﬁ% ﬁlaéméﬁmampm (pH 7.2} 15 3) 4 - 6 nMKC, 10 - 20
vl |vgc| 2, 50 - 160 mM Na2HP04/ NaH2P04 (pH 7.2) and 5 - 100 mM sodi um
Ilggt Omt\)/: cmﬁé %b@gct%Hh%(?@véﬁwdmmhhgltoqﬂoﬁde alaﬁff@ﬂvls@lqdb:mﬂmrsa@@trap%@thgp-E s

SO or,l de
50 - 160% f@akﬁ #&%@éﬁﬂ@&%ﬁ%'ggﬁ HHBS?&%%%%%%%@ SSlonat e

or 5 - 10@rtaMymatmahdto devélop dlodrredpawiiigmethati nate or 5 - 100 mM sodi um
Ch|2lde 5 4 - 6 MMKC, 10 - 20 rfMMd 2, 80 - 100 MM NaCl, 8 - 12 nM
glu 25 0.3 - 0.5 nM Ca(N03)2, 20 - 25 nM HEPES and 50 - 100 nmM
tris/HO The cject isosotveddyHiPes bEer poltiop Hactopging)togthe inventiomiiavisa 2, 50 -

200 mM K&H‘f’%éﬂ%ﬁg%f(améa%&b rﬁﬁflerl'J* H5Qna1\ém7%ﬂla étféng%ﬁ@!f%{ Idast 26@ mv

sodi um succl nat.e hect IS urt ernore sol ved a et oggl éf
i nt r oducMP!i bol ¥ earnge irteRH fina el édo PM%aQHl% t PeaR AP by
g}%ansl OfV\ﬂil"Bﬁideﬁ ml ey %altultwhl ichy p@ggmleses?ﬁmm_wﬂubmuﬁm@ a&ﬁllklésmaledules_ )

is V|nte|oog|ca y agtiye nolecul es in fer | whi ¢
has%§ 'I"?% cPfy Yragt CF@%\SPV plile of ?f_egtrap%r%&gﬁa@ﬂax}a@%%cg‘g‘ﬂc
st rengt heiﬁttlemmdsea;sttow ramal at the samiet time wiﬂaﬂ@& aefl mbdaliiy Masioupleed to pH
8 and at [ e
cuepenol ReSViTE , SUESLSIRIcaRRcRRlp ! B BB “EriddalPLRBERO DS
be i nt r owaakly dividindaaelifal MaraPvRinkh s @ebyuff@'a?mufmn Blia ROSSIR 4@ iUSR wi t h
transf echightyditalgeCh@ses Faving a field strength of at least 2000 Vicm, which allows

35 DNA molecules to be transfected directly into the cell nucleus of primary animal
and human cells. A decisive factor for the advantageous properties of the buffer
according to the invention is the combination of a high buffer capacity with a high
ionic strength. The buffer capacity § describes the quantity of a proteolyte required



-6 up to 93% and at the sane tinme with low cell nortality. Various cel
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transfected. Further advantageous devel opnents of the nethod according to
the invention with 5 reference to the conposition of the buffer solution
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35 It is advantageously provided that the buffer according to the invention contains
HEPES and/or Na,HPO,/NaH,PO, as buffer substance. However, Tris/HCI or
K:HPO4/KH,PO,4 can also be used as buffer substances. Furthermore, the buffer
may also contain additional components, for example, sodium chloride, sodium



Exanpl es of application for individual buffer solutions are described in
detail below 20 with reference to the drawi ngs. Description of the draw ngs
The invention is described in detail below with reference to the draw ngs.
25 In the figures Figure 1 is a graphical representation of the
transfection efficiency and the survival rate for primary human endot hel i al
cells as a function of the 30 buffer capacity and the ionic strength of the
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scayper)) Fi7gpyre 5 shows a flow cytonetric analysis of primary human

mel anocytes transfected with the GFP expression vector during which the
cells were anal ysed using a flow cytoneter (FACScalibur, Becton D ckin 15
son) (FL2)2 AFL-B3mNFIKCH, 3#0f4 20radt My, chandeImi HEPES af8C120 si teOvanid

scatter, =, f a )oy and Figure 6 shows a flow cytonetric
anal ysi s of ﬁa;;;l%ﬁﬂﬁ@ épﬁ'? %)I ne K562 transfected with the G-P
expression vector during which the cells 20 were anal ysed u5| ng a flow
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Exanpl es Th@"ﬂo"r rowqt@%ﬁa%ﬂb@ctqn'%t%tf & tHOG MILAansobat 5§h6%q) Mot be

regarded as spahrini sattiMate & EX@OIhM dodinmngilesdeé.on ef ficiency and survival
rate of primary human endothelial cells In order to study the transfection

and survival rate of cells during electrotransfection as a function of the
buffer cépad ty6amfl K, i16ni-c2GtmENMJCI2, pbi wedy niMnbiRiriobAet i H0 call s

t f f 3
wer ot L a0 RELEPAUNIHRRERIET 0808, | 260 0 DRANY, BEbRhe EhS 2080use
pg vector DNaMamanpite! ore® petl W@O@@tm(ﬁucgnat%@m%n & mdd spdiun ghiced at

roomtenperagigare in a cuvette having an interel ectrode gap of 2 nm and
transfected by a 1000 V pul se of 100 ps duration.

5) 4 -6 mMKCI, 10 - 20 mM MgCl;, 80 — 100 mM NaCl, 8 — 12 mM glucose,
25 0.3 - 0.5 mM Ca(NO3);, 20 — 25 mM HEPES and 50 — 100 mM tris/HCI or 30
— 50 mM Na;HPO4/NaH,PO,4 (pH 7.2)

6) 0.1 - 3.0 mM MgCl,, 50 — 200 mM K;HPO4/KH,PO4 (pH 6.5) and/or 1 — 50
mM mannitol and/or 1 — 50 mM sodium succinate.
30
The object is furthermore solved by a method for introducing biologically active
molecules into animal or human cells by means of electric current which
comprises suspending the cells and dissolving the biologically active molecules in
a buffer solution, which has a buffer capacity of at least 20 mmol = I'' = pH™ and an
35 ionic strength of at least 200 mmol * I'! with a change in the pH from pH 7 to pH 8
and at a temperature of 25°C, and applying an electric voltage to the suspension.
With the aid of this method, biologically active molecules can be introduced into
animal and human cells by means of electroporation with transfection efficiencies



-g_1n addition, conparative values were determ ned using PBS (Phosphate
Buffered Saline: 10 mM sodi um phosphate, pH 7.2 + 137 nM NaCl, ionic
strength = 161.5 mM buffer capacity = 4.8 nMpH). Directly after the

el ectrotransfection the cells were washed out of the cuvette using 400 NI
of culture nmedium incubated for 10 5 @i nutes at 37C and then transferred
to a culture dish with pre-heated nedium After |ncubat|ng for 6 h, the

cells were.in nt i sed
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ns. After incubating for 13.5 h the 15 cells were incubated using a

Cy5+ Qoupl ed anti-H 2Kk anti body and anal ysed using a flow cytoneter
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Exanpl e mucleus of animal or human cells. In this case, nucleic acids, proteins or peptides
can be introduced into quiescent or dividing animal or human cells with a high
35 efficiency. The buffer solution according to the invention also favours the
introduction of nucleic acids, proteins or peptides into primary cells by supporting
high-voltage pulses.



Transfection of primary human nel anocytes Figure 5 shows an FACScan

anal ysis of primary human nel anocytes which were transfected with G-P
expression vector. 5 x 105 cells with 5 Ng pEG-P-Cl1 vector (Clontech Lab.)
in buffer 40 from Table 1 were placed at roomtenperature in a 25 cuvette
having a 2 nminterel ectrode gap and tfansfected by a 1000 V, 100 Ns pul se
foll owed by a current flow havi ng a current density of 6 Axcmz and 33 ns.

After b 24 h n usin toneter
(Facscal it fue@t plisciak Ao hS Prefetimisdr BuSSaliiedl ol & ned by
st ai ni ngompdunsisopithl papiidesipdeteirscor2sthef biotmgitallyi anjiveahdlecalepr essed t he GFP
whi ch al so 30 corresponds to a very high transfection efficiency. Exanple 6
Transfection of human CML cell line K562 Figure 6 shows an FACScan anal ysi s
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Description of the drawings

The invention is described in detail below with reference to the drawings.

25

In the figures

Figure 1 is a graphical representation of the transfection efficiency and the
survival rate for primary human endothelial cells as a function of the

30 buffer capacity and the ionic strength of the buffer solution,

Figure 2 is a graphical representation of the transfection efficiency and the
survival rate for primary human lymphocytes as a function of the
buffer capacity and ionic strength of the buffer solution,

35

Figure 3 shows a flow-cytometric analysis of primary human fibroblasts
transfected with H-2K* expression vector during which the cells were
incubated with a Cy5-coupled anti-H-2K* antibody and analysed



nol ecules into the cells using electric current, the buffer solution having

a buffer capacity of at least 20 mmol * I-'" * pH' and an ionic strength of
at least 200 mmol * |-' at a change in the pHfrompH 7 to pH 8 and at a

temperature of 25 C. 10 2. The buffer solution according to claim1 having
a buffer capacity (pH 7-8, 25C) betweeB-22 and 80 mmol * |I-' * pH'. 3. The

buffer solution according to claim1 or 2 having a buffer capacity (pH 715

8, 25C) between 40 ar ¥ ol 4 3 | pfi
according to clai m%ggf# k%)\ﬁ‘%ltﬁr éﬁAle(g}lzﬁgbét P}%quﬁﬁgc’fe‘(ﬁ_{m%z]ﬂ (ggbﬁaq:nl"d 500
mol * 1-'. 20 5. TheFlbdf Feiuaresearicenchaig di.ng Bb%@(‘aFnﬁlﬂ,e\A@,rdsscgtteﬂ

having an ionic streggthiopghmesiatieep and 400 mmol * [-'. 6. The buffer
sol ution according to any one of the clains 1 to 5 containing at |east 10

mml * |-' magnesiumions (Myz+). 25 7. The buffer solution according to

cl Fti 5 6 Ei@m@hg! ng sHowso aZﬂowTﬂSy:ctorﬁelr'rc' laﬁ@lg@i@ibﬂﬁiu';rmﬁ smidotfl hﬁu%tﬂéfwls _

sol ution according o any gne.oQ eclaims 1 to 7 containin magnesi um
chl ori de (Nod 2) " adtisresiag e s GrprEieion vieusulial Whkd Eecls YBPu:  on
accordi ng to any orircubfatetievitl aiGy5-tonmed artirktl @K aibod§ anunpeaysedwis-h t he
cytoplasmof the c 'ﬁ)‘c‘@n'ﬁ ' t . | wmei ons
(K+), preferably qué%Gﬂ%Wm ~ Ffé}n@rééaﬁ%bgphiﬁéﬁgﬁ @ghigg?]r&)?g% (Hljgﬁdgy’sodi um
i ons (Na+), preferdtl-y =1thaorescame ehainel 1) 2-3Na9C 3 gidewaed isgatter FSE &Gt i on
accgpdi ng to any ongnedrdidtattelyai s 1 to 9 containing 5 HEPES and/ or

A

Na2HP04/ NaH2P04 and/or Tris/HO and/ or K2HPO4l KH2P04 as buffer substance.
11. The buffer solution according to any one of the clains 1 to 10
cont ai ni Aguaelgi t i onsowxoBpfioeNéytometric axalysise of poichann irhan i rdelansogiesm
succi nate, 10 mannigt ol | ycose,, sodiim | act obi onate and/ ar, . ides. 12.
The butter sol ut 1 orlastear Tt 4ne G o epliesftk YERb EPBodnRBRhE Els o 4
6 MM KCl, 10 - 20 niérdebdhdysettiuding a flaeCytdvhdizR KIPACSKHakiair) Bechin Dickjn- 15
13. 4Ehe buffer sol ut| ( dihng; 1O~ i 1 1liqa.
cont1-a5i ning 4 6 mM %&“?Q'igf%hhﬁ)mﬁo%@*fﬁg“?“% %ﬁﬂélv%sggﬁ'f%go ?S'dleeso M
Na2HPCa/ NaH2P04 ( pHvardscatten RIC =rieswsist seatteshlandi on according to any one
of the clains 1 to 11 containing 4 6 MMKC, 10 - 20 M Mg 2, 50 - 160 mM
NaZHPO4/ &%ﬁ%ggdf (pih%wzs) a flow cytometric analysis of the human CML cell line K562
transfected with the GFP expression vector during which the cells
20 were analysed using a flow cytometer (FACScalibur, Becton Dickin-
son) (FL-2, FL-3, FL-4 = fluorescence channel 2, 3, 4, SSC = side-

ward scatter, FSC = forward scatter).

25 Examples

The following examples illustrate the invention but should not be regarded as
restrictive.

30 Example 1
Transfection efficiency and survival rate of primary human endothelial cells
In order to study the transfection and survival rate of cells during electrotransfec-
tion as a function of the buffer capacity and the ionic strength, primary human
endothelial cells were transfected with a vector coding for the heavy chain of the
35 mouse MHC class 1 protein H-2K.
Respectively 7 x 10° cells with respectively 5 pg vector DNA and the respective
electrotransfection buffer were placed at room temperature in a cuvette having an
interelectrode gap of 2 mm and transfected by a 1000 V pulse of 100 ps duration.



and 5 - 100 nM sodium | actobionate or 5 - 100 MM nmannitol or 5 - 100 MM
sodi um succinate or 5 - 100 mM sodi um chl ori de. 25 15. The buffer sol ution
according to any one of the clains 1 to 11 containing 4 6 nMKClI, 10 - 20
mM Md 2) 5 - 25 mM HEPES, 50 - 160 mM Na2HP041NaHzZP04 (pH 7.2) and 5 - 100
nmM sodi um | act obi onate or 5 100 MM man®irtol or 5 - 100 nmM sodi um succi nat e
or 5 - 100 nM sodium chloride. 30 16. The buffer solution according to any

100
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acti ge mineeed as 3|7r(ccaramrrmi trahsieumntocgldmuky digPRWeh qfrefﬂe%fféd 'nQediUtFnr ent,

ol bout A nuBARRERST SR, 11 Bl vBnetbAtE S ikt 8 Clepiediad iy 20
mol 5 lantibodpldnd anadysed using @ fidw epigintetef (%CSealﬂiurZB@ctunﬂmkmd;on) at a
change Ay thR RIE&L TR Jr8 P F!g(ﬁhemg t?a}ns"f‘eét%'ﬁp%élte%%s n%qcﬁgr% 3@&@/@& hg to

appl ying an electric volt e suspension
cl ai m 1gateghinceease Méthbtmpf%aS'%@)lh!ltffeorﬁ&want)a amdf fomic sbeogitadntgaqipEase 8,

25C)Ob9t§f§#ﬂﬂca3ﬁlyaﬁléit&®m could-be acﬁib’Ved ng’l Wit ﬂP\%Ob@SC&I f@_claim
Py

18 or erein the buffer solutiaon er capacity 25C)
bet ween ﬁ“%% I oViYrE) an gxtremebﬂ lgf15n9r1a 'Wh@“?re?%ﬂre&cc@r épﬁ@ teeiffer ai m

18, 19 wollﬂmnswhermbﬁanﬂy&awb\fa%rscshigllt ihain these aalub ot hoEpgtdvahpitygen 200
and 500 étc -'. 22. The nethod according to any one of the clains 18 to
TRt i 1

21, wher er solution has an ionic strength between 250 and 400
nnDI * |-'. 20 23. The net hod according to any one of the clains 18 to 22,
whejgin the buffer solution contaip ﬁ{l st 10 mmol * I-' nagnesiumions
(Myz+). 24. The nethod according to &R 3, wherein the buffer solution

cont ai nstragsgestion efficiaaey and. surwa\ga{égtmﬁf pgintary human lymphocytes
Furthermore, the transfection and survival rate of primary human lymphocytes

during electrotransfection was studied as a function of the buffer capacity and the
ionic strength.

20  For this purpose respectively 5 x 10° cells with respectively 5 ug H-2K*-expression
vector-DNA in the respective buffers were placed at room temperature in a cuvette
having a 2 mm interelectrode gap and electrotransfected by a 1000 V, 100 ps
pulse followed by a current flow having a current density of 4 Axcm™ and 40 ms. In
addition, comparative values were determined using PBS (ionic strength = 161.5

25 mM, buffer capacity = 4.8 mM/PH). The analysis was made after 16 hours.

As can be seen from Figure 2, it is clear that the survival rates of the cells increase
as the buffer capacity and ionic strength of the buffer solutions used increases. In
some cases significantly better values could be achieved compared with the
comparative solution (PBS: 40.1% transfected cells 38.3% living cells). Here also

30 the transfection efficiency can thus be increased significantly by the choice of
suitable buffer solution according to the invention compared with conventional
solutions, such as medium or PBS for example.

Example 3
35 Transfection of primary human fibroblasts
Figure 3 shows an FACScan analysis of primary human fibroblasts transfected
with H-2K* expression vector. 5 x 10° cells with 5 Hg vector DNA in buffer 6 from
Table 1 were placed at room temperature in a cuvette having a 2 mm interelec-



25. The nmethod according to any one of the clains 18 to 24, wherein the
buf fer solution contains nmagnesi umchloride (Mgd 2) and/ or magnesi um

sul phate (MyS04). 30 26. The method according to any one of the clainms 18
to 25, wherein the buffer solution contains a | ower concentration of
potassiumions (K+), preferably 2 to-@80mmol * I-' K+, and a hi gher
concentration of sodiumions (Na+), preferably 100 to 150 mmol * [|-' Na+)
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clains 18 t reint

20 mM N&@r?sgﬁadi%av%ﬁ rARTreiind) REIGES6Y- (pH 7.2). 30. The net hod
according to any one of the clains 18 to 28, wherein the buffer solution
contains 4 - 6 MM KCl, 10 - 20 mM quﬂé?' - 25 mM HEPES and 15 120 - 160
nmv NazHPO04/ NaHzP04 (pH 7.2). 31. T ﬁod according to any one of the

cl ai ns 1Bransfectiones heinman Ismqnthfmusslﬂ cell®n contains 4 - 6 MM KCl, 10 - 20
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20 Example 5
Transfection of primary human melanocytes
Figure 5 shows an FACScan analysis of primary human melanocytes which were
transfected with GFP expression vector. 5 x 10° cells with 5 ug pEGFP-C1 vector
(Clontech Lab.) in buffer 40 from Table 1 were placed at room temperature in a
25 cuvette having a 2 mm interelectrode gap and transfected by a 1000 V, 100 ps
pulse followed by a current flow having a current density of 6 Axcm™ and 33 ms.
After incubating for 24 h the cells were analysed using a flow cytometer (FAC-
Scalibur, Becton Dickinson). The number of dead cells was determined by staining
with propidium iodide. 56.2% of the living cells expressed the GFP which also
30 corresponds to a very high transfection efficiency.

Example 6
Transfection of human CML cell line K562
Figure 6 shows an FACScan analysis of the human CML cell line K562 which was
35 transfected with GFP expression vector. 5 x 10° cells with 5 ug pEGFP-C1 vector
(Clontech Lab.) in buffer 42 from Table 1 were placed at room temperature in a
cuvette having a 2 mm interelectrode gap and transfected by a 1000 V, 70 us
pulse followed by a current flow having a current density of 4 Axcm™? and 10 ms.



- 16° 35. The nethod according to any one of the clains 18 to 34, wherein
the introduction of the biologically active nolecules into the cells is
achi eved by a voltage pulse having a field strength of up to 2 to 10
kV*cm' and a duration of 10 to 200 ps and a current density of at |east 2
A*cm 2. 5 36. The nethod according tedl-aim 35, wherein the introduction of
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1.

A buffer solution for suspending animal or human cells and for dissolving
biologically active molecules in order to introduce said biologically active
molecules into the cells using electric current, the buffer solution having a
buffer capacity of at least 20 mmol = I'* * pH™ and an ionic strength of at
least 200 mmol * I at a change in the pH from pH 7 to pH 8 and at a tem-
perature of 25 °C.

The buffer solution according to claim 1 having a buffer capacity (pH 7-8,
25°C) between 22 and 80 mmol * I+ pH™.

The buffer solution according to claim 1 or 2 having a buffer capacity (pH 7-
8, 25°C) between 40 and 70 mmol * I« pH™.

The buffer solution according to claim 1, 2 or 3 having an ionic strength

between 200 and 500 mmol * I,

The buffer solution according to claim 1, 2, 3 or 4 having an ionic strength

between 250 and 400 mmol * I,

The buffer solution according to any one of the claims 1 to 5 containing at

least 10 mmol * I'" magnesium ions (Mg?").

The buffer solution according to claim 6 containing 15 to 20 mmol * |

magnesium ions.

The buffer solution according to any one of the claims 1 to 7 containing

magnesium chloride (MgCl,) and/or magnesium sulphate (MgSO,).

The buffer solution according to any one of the claims 1 to 8 containing, if
compared with the cytoplasm of the cells, a lower concentration of potas-
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11.  The buffer solution according to any one of the claims 1 to 10 containing
additional components, for example, sodium chloride, sodium succinate,
10 mannitol, glucose, sodium lactobionate and/or peptides.

12.  The buffer solution according to any one of the claims 1 to 11 containing 4 -
6 mM KCI, 10 — 20 mM MgCl, and 120 — 160 mM Na,HPO,/NaH,PQO, (pH
7.2).
15
13.  The buffer solution according to any one of the claims 1 to 11 containing 4 —
6 mM KCI, 10 — 20 mM MgCl,, 5 — 25 mM HEPES and 120 — 160 mM
NaHPO4/NaH,;PO4 (pH 7.2).

20 14.  The buffer solution according to any one of the claims 1 to 11 containing 4 —
6 mM KCI, 10 — 20 mM MgCl,, 50 — 160 mM Na;HPO./NaH,PO, (pH 7.2)
and 5 — 100 mM sodium lactobionate or 5 — 100 mM mannitol or 5 — 100
mM sodium succinate or 5 — 100 mM sodium chioride.

25 156, The buffer solution according to any one of the claims 1 to 11 containing 4 -
6 mM KCI, 10 — 20 mM MgCl;, 5 — 25 mM HEPES, 50 — 160 mM
Na;HPO4/NaH,PO4 (pH 7.2) and 5 — 100 mM sodium lactobionate or 5 —
100 mM mannitol or 5 — 100 mM sodium succinate or 5 — 100 mM sodium

chloride.
30
16.  The buffer solution according to any one of the claims 1 to 11 containing 4—
6 mM KCI, 10 — 20 mM MgCi,, 80 — 100 mM NaCl, 8 — 12 mM glucose, 0.3
-~ 0.5 mM Ca(NO3);, 20 — 25 mM HEPES and 50 — 100 mM tris/HCI or 30 —
50 mM Na;HPO4/NaH,PO,4 (pH 7.2)
35

17.  The buffer solution according to any one of the claims 1 to 11 containing 0.1
— 3.0 mM MgCl,, 50 — 200 mM K;HPO4/KH,PO4 (pH 6.5) and/or 1 — 50 mM
mannitol and/or 1 — 50 mM sodium succinate.
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in a buffer solution which has a buffer capacity of at least 20 mmol *
5 I« pH! and an ionic strength of at least 200 mmol * I'* at a change
in the pH from pH 7 to pH 8 and at a temperature of 25°C, and
it. applying an electric voltage to the suspension.

19.  The method according to claim 18, wherein the buffer solution has a buffer
10 capacity (pH 7-8, 25°C) between 22 and 80 mmol = |+ pH™.

20. The method according to claim 18 or 19, wherein the buffer solution has a
buffer capacity (pH 7-8, 25°C) between 40 and 70 mmol * I'  pH™.

15 21.  The method according to claim 18, 19 or 20, wherein the buffer solution has

an ionic strength between 200 and 500 mmol * I

22.  The method according to any one of the claims 18 to 21, wherein the buffer
solution has an ionic strength between 250 and 400 mmol * I
20
23. The method according to any one of the claims 18 to 22, wherein the buffer

solution contains at least 10 mmol = I magnesium ions (Mg?").

24.  The method according to claim 23, wherein the buffer solution contains 15

25 to 20 mmol * I magnesium ions.

25. The method according to any one of the claims 18 to 24, wherein the buffer
solution contains magnesium chloride (MgCl,) and/or magnesium sulphate
(MgSO.).

30
26. The method according to any one of the claims 18 to 25, wherein the buffer
solution contains a lower concentration of potassium ions (K*), preferably 2
to 6 mmol = I K*, and a higher concentration of sodium ions (Na"), prefera-
bly 100 to 150 mmol = I'' Na*, if compared with the cytoplasm of the cells.
35
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20 100 mM mannitol or 5 — 100 mM sodium succinate or 5 — 100 mM sodium
chloride.

32. The method according to any one of the claims 18 to 28, wherein the buffer
solution contains 4 — 6 mM KCI, 10 — 20 mM MgCl,, 5 — 25 mM HEPES, 50
25 — 160 mM NaHPO4/NaH,PO4 (pH 7.2) and 5 — 100 mM sodium lactobion-
ate or 5 — 100 mM mannitol or 5 — 100 mM sodium succinate or 5 — 100

mM sodium chloride.

33. The method according to any one of the claims 18 to 28, wherein the buffer
30 solution contains 4— 6 mM KCI, 10 — 20 mM MgCl,, 80 — 100 mM NacCl, 8 —
12 mM glucose, 0.3 — 0.5 mM Ca(NO3),, 20 — 25 mM HEPES and 50 — 100

mM tris/HCI or 30 — 50 mM Na,HPO4/NaH,PO,4 (pH 7.2)

34. The method according to any one of the claims 18 to 28, wherein the buffer
35 solution contains 0.1 — 3.0 mM MgCl,, 50 — 200 mM K;HPO4/KH,PO, (pH
6.5) and/or 1 — 50 mM mannitol and/or 1 — 50 mM sodium succinate.
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36. The method according to claim 35, wherein the introduction of the
biologically active molecules into the cells is achieved by a current flow fol-
lowing said high-voltage pulse without interruption, having a current density
of 2 to 14 Axcm™, preferably up to 5 A*cm™, and a duration of 1 to 100 ms,

10 preferably up to 50 ms.

37.  The method according to claim 35 or 36, wherein the biologically active
molecules are transfected into the cell nucleus of animal or human cells by
means of electric current.

15

38.  The method according to any one of the claims 18 to 37, wherein nucleic
acids, proteins or peptides are introduced into quiescent or dividing animal
or human cells.

20 39. The method according to any one of the claims 18 to 38, wherein nucleic
acids, proteins or peptides are introduced into primary animal or human
cells.

40. The method according to claim 38 or 39, wherein the nucleic acids are
25 present in complexes or in compounds with peptides, proteins or other bio-
logically active molecules.

41.  The method according to any one of the claims 18 to 40, wherein the cells

are primary human blood cells, pluripotent precursor cells of human blood,

30 primary human fibroblasts and endothelial cells, as well as muscle cells or
melanocytes.

42.  Use of the cells generated according to the method according to any one of
the claims 18 to 41, for diagnostic and/or analytical methods.

35
43.  Use of the cells generated according to the method according to any one of

the claims 18 to 41, for the production of pharmaceutical products for ex-

vivo gene therapy.



