;N _e3ehel 6FTBF1 PROGRAMVABLE APPARATUS AND METHOD FOR OPTI M ZI NG AND REAL
TI ME MONI TORI NG OF GENE TRANSFECTI ON BASED ON USER CONFI GURED ARBI TRARY
VWAVEFORM PULSI NG TRAIN Field of the Invention [0001] The present invention
relates to the field of electroporation, gene transfection and cell fusion.
More particularly, the invention concerns an el ectroporation apparatus and
nmet hod for generating and applying an optim zed electric field according to
user confi BROGRAMMARBILE APRAR ATHSpAN B ME THAODBOROPTIVMEZENGIANBNd

effectively_introduce | ecul it |l s h in-viv d -y Yo With

i il ceREaFINESGARUEREC o B miakbcaTo B stitoRoushk

El ect r opor at | oncerTd YREDFARBRIRAGEY WAVEFIRYPPUIRENGIPRRPNI St s
denonstrated the use J? echtrlch§§¥§g to create orfynduce/open pores in
cells without causing pernmanent danage to the cells. This discovery was
devel oped to enabl e the deliver f .genes apd various nolecules into |iving
cells, tissues and organs. By Jﬁﬂﬁfﬁﬁ@gﬁﬁwﬁﬁ%%tric field across cells or
tissue elenent, the perneability of cell nenbrane is enhanced to enable the
entry ofgAfes andyohacuhesnieitidnt Raies!th et FRIAIP clfbispdheaoBaRn i
transieA?agg t he poreéﬁ%gsezI uﬁo% reroval o ?%e appﬂieda%?ectfi rield.

Pr esent Ityansfehgomppd celhfisom. dMorelpacticubaplyr dtei iomertas wxpansied elentrgporatiorous

di verse fields sych as | ecul ar biol ogy, cell . bjology,.plant genetics,

hybr i dorf@PFT8eH M SREROL Y igemrﬁwqd@@@%%an geRIZEe) s%aﬁsy fﬁ@%ﬁ@% © [ 0003]
Appl I catysensofgufldeabiRARP waleBhn ikl @aihd 1/ EffRicAfly Shd LFQVelintlodh)
processes where foreign materials are introduced into living cells, tissues
or or gansoledHesiptd ¢ells hgthdetviw dndodxadeo withemingedll csllulaatissué damagsel | s, pl ant
protopl asts, bacteria, fungi and others. Foreign materials, referred herein
as "inplant agents", to be introduced into the living cells can include but
not limted to genes, DNA pBadlgt6end bf BednPéntiid Ot her phar macol ogi cal
conmpounds. Under in-vivo procedures, the el ectroporation process occurs

within the living organism Tweezer and needl e el ectrodes are enpl oyed to
secur e t[beo2] i ssue Héctrogozatsn was [flrsicdiscoweredx anphe t19dst wien scisdists and/ or

th id ' [ 2 f I be t t [ I ,
i 1 & prBIAGed ARG PR PF Plecicolitiaady Gald AEelyBe prbgoragh sk PRELr obt
Cel | a8t i i ed
ol ect 11 O or iﬁ?ﬁﬁfgﬁaﬁ%ﬁgaﬁhg%ﬁﬁzpﬁﬁgﬁz@g@@ﬁsﬁfﬂ?ﬁﬁgﬁﬁﬁf A e

concer nel¢liveyerfeienes angl vamous ntolesglestisfodivingeelspdsshipeans! ergansh Bycwblyiggenone.

Wth the ex vivo.procedure el.ectroporati gn occur.s..in an artificially

cul t ur eq e Bt S ARTN 2ls F TRl RBRIGE B REEEIRIY of S b€ Vo ¢ he
living cghbScedQoheiabid ed eREESfi genkhi@nfl ahbleefilepanl el celt aytoprsH. Stheel or

pl ati num plates, rods or wires can be utilized to create the electric field
across tihenemenrast iscleansiang ag ke pares prsselcnanesmomal ef thgfapphied ekestricafigldt medi a
can ref LVi I i . '8 i agents
and 11 vi g Bafy b ¥b0Gah of Rphdftpifostp Raindtl ifo Daibil @ ise UK A0y 2
chenot hessapylecalanbeslbgnall bieldpgdplant gahatusphpridothd tehnckpy dagrgsultaye a
human body are del eterious to the surrounding healthy cells. Typically, the
hi gh dodatsarcds eenedberaps el @tBerd| i mi nate the cancer cells tends to destroy a
significant percentage of healthy cells. Furthernore, certain prom sing
anti cancer drugs, for exanple Bl eonycin, have denonstrated inability to

ent er tHeoasenbr aneApdlicatinaerof cdtdtsopobdtant imellye iddvévceefoorex-viebe@n napoy ati on

is an excellent alternative pethodol ogy for t.he research of che her apy,
known a§3r%?e_é%e_tsrvﬂ‘tﬂ‘i%§%?lﬁé F%VIEEWS H@&FR‘@?‘LE’E‘I Ilﬁmglng%élSSa”reé USEG"t o IHer ease
the per nRafy béilsinBlude HRRHURs, GRAhmARA SelRO pRSit {If]betéﬁclhé%&'y YL QR8T fungi and

concentration of anticancer drugs to penetrate ancer cell cytosol .
Appl i catdtlrs.of oreigaahated hleeféresdalpareinsasriivmplane ngdrits’], &b be ontrdvmcpdinteribe as it

m nimzes .t he dosage qf ,treatnent .drugs and re i rtant| t he

oot 1 candbing oo cap dndli bERRER Mivof Ha b B JIREE neBRA ateeiscinatsr wi ¢
M ni mal FhafHMR] bR eempo 8 Tnd iV RotpieRatRE] A8 clBirbRHatithrafRAbadwS
generating and applying an electric field according to a user-specific

pul si ng sigharthe liyingaorganisinn Tweszermend nagdle ¢gegples 26c emplsgedgo geasretthee U, S.
patent iJlust¥.ates. variou ser - i,.fied sS6, S es.limted to "high"
bnaror s Ol o RePl et SRR BE hbSEL B SRR b M SuleRrd e
range of the output voltage, the shape of pulses is limted to only
rectangul ar waveforms. In order to achieve an effective and reliable

el ectroporation treatnent, physical paraneters such as duration, strength,
form and frequency of pul ses nmust be controllable over the treatnent region
of interest. Hence it is inperative to achieve an apparatus and method for
3




el ectroporation that can provide programmable arbitrary waveform pul sing
trains for optimzing the treatnent condition. [000s] El ectroporation
allows the insertion of certain inplant agents to selectively treat
undesirable cells w thout damagi ng the surrounding healthy cells or

ti ssues. However, the electric pul ses aypi cally used in electroporation may
cause consi derable disconfort and permanent side effects to patients. Myjor
f act or s thé frea of odlstth de cehbted freplaed bvHiletprovidity ae dldojricefiedd hicropothaspavificalx e

ool e ok adn i oS o s e oL R ooy e vt et r
nust be a’;}gﬁé@a&tﬁé Bk, ﬁﬁfefbg%pb%gftﬂé irﬁ@b%{heaggﬂes Y gal cetllﬁ AN, whSeBVerY

pati ent uni que, to prev Irrevers amage to the target cells due
t o excegbe¢ vmplant sgergs netnapt modifiees tethd vall gpemadgVoh thhexpave prodedsuesf i ci ent

| trength and ot her bility Limti t i || ff ect
Phe-r of ISHRpPPTns obhS i SaRRssials) uhipd bBlr e B extere SRR £ | ¢
field sigpengtl AMdaRSe IR ALL QBIY OEEXIERRACR he SoH bl Phradi Bk ent

treatnent” is of extrene inportance, and is difficult to achi eve based on
tradi ti ctegl onpldticen péates, lor g¥iregl cen e lusibizeretotrwehdd tgi edectric-lieldrusraspthe, t he

bi ol ogi cal properties, for.exanple the e, size and electric conductivity
of “the. daieePETES Sy prodr s o, e nfe 39 oo binp 8R4

devi se aRs@pfahaités a diduiedhiadhldR hgardai@indeelBPP! Yi ng and nmonitoring an
optim zed electric field according to a user configured arbitrary waveform

pul sing train. [0007] The present invention optimzes, nonitors, nodifies
and rec all p S t de.condi tions. of t fection,
dur ng. ST Fopor o8 oo B e RE SR Ao R PR RS AR oRe

capabi | ih¢tasdand dbsesbify laintil aBicéo da@if bguw Gumlah PIDCass dpRtdtrIselos the
including but _not limted to pul se shape, frequency, duration, field

st r engt HUEABGRGRTEY icells AV picaibrthahighidesagsen druag used toorliminggihesapcet t he

| nvent | qanl Q00R] o TREBE & Siabid e BLIAMLBE A ileRn AN APPAIAIR AN Lol 0 for
generating and applyirng an~optim &d eIrBetric field accordi ng to user

conf i gurpecmairy dntizancendmt ofomepathpleBledmhpdinshave 4lefrid@Giedted\ambility fgénter i N one

aspect, the present .inventi Vi deSﬁn a%ppar tus for, generatin
8

prL.o
ar bi t r ar§e mlfr_amnol‘&ﬂag?q{gceﬁ a?frﬁe&twsw Bt 1° _BVPBP’fa_é‘ﬁnp‘IS()aé’_e?éc,eﬂg%‘i d
appar at YRR nstidoRes P&ttﬁm%@ﬁcIPQMenMﬁ’ kh&\G HOLIBGrRhEthbEtapg ur T ent
(DC) power supply array for providing an outpuf voltage; a capacitor; an

el ect r onwhershyi dledtric pulptseate tised toan@€agpahe persephiliyy af camgerouheslbivalls $veas

el ectronic,swi.c rovi des. means for controlling, the output voltage from
the” DC. gRVNRVSbiBHrS FaErARIAY Shanteap b toaP el GRRCHotRA SUPOh (Pt
control | gepiaidd 8fclb&rdABmBHREIYAS infore Weh&bial WD SREpARidnA8s RMYInkaes ld er
receives an arbitrary waveform pulsing train and command signals for

cont r ol |dopagetdidreainaant dorgs @and wiare impertandyy thaswtidanceradrugd @ )abledaehtsd theo t he
capacitor, wherein t LPE recei.ves out put waveform pul sing train from

t he capa‘(‘éf“fe(gfeelkﬁaoﬁﬁee%\c/té‘ée%ﬁw WIPH‘Eﬁ@ﬁ%‘ﬁ? ({éﬂlaﬁ%s in the output waveform

pul sing train fromthe capacitor, producing a filtered waveform pul sing
train; a polarity swtch unit coupled to the |ow pass filter, wherein the
pol ari t JOUOR] t ch udin clestreperation Hacthed andt 3ppefateh genergiing dadpanpdusgian t he
filtere | S train. oduc. .1 . feor, si ng
trai e SIAR Bt B SRR RHSR W EMR it iy a8 G0 P o
wher ei n 5 869,396 #1GE N5 Yok that OIS. patdnt piliviatts Svatiogs akditdpeéified wavef tapespul si ng
train to the custom zed power nodul e; and wherein the anplified waveform
pul si ng lmpitgdro phigh( dad/obylomA oyt dioftagess Whilethe pser mayoke ale faasnegity the
corresp i r f i i Q#Q I er
aspect, Qt ) (g(r)delés gﬁtp ﬂ{ ﬁd\/ﬁe&%?’l tl(;ler:l p%ov‘%@s&g&%@ﬁ%%%%@y gréec(r{:e a%a}rr% Vg{rclb%élrg bitrary
wavef or i prdes tmgchigvaian efffectiveeamigelistde elentreporaticactieattpaitaphycicappaamsters
conprising the st.eps of %a) configuring an. arbitrary waveform pul sing train
Usi g 2 SBEET BPraGRuTIEE Y oI 30E TR B et RIS ATt et S TRRe GVeR &cont 1 ol
modul € ek R4didlfof {Aferdl Nl s WANGLGIdRoRhiR| O bpdiritul BmBhod il trary
wavef orm generator unit; (d) storing the operation paraneters into a
mcro-controller unit; (e) generating first pulse of the arbitrary waveform
pul sing train by the arbitrary waveform generator unit; (f) anplifying the
first pulse of the arbitrary waveformpul sing train by the custom zed power
nodul e; (g) producing an electric field across a target nedia using the
anplified first pulse; and (h) checking if pulses in the arbitrary waveform
pul sing train are conpleted Brief Description of the Draw ngs 5 [0011]
Preferred enbodi nents according to the present invention will now be
described with reference to the drawings, in which like reference nunerals

. e ~NNaA M~ 1 o~ o oy Y .




[0013] FIG 2 illustrates a block diagram of the apparatus for applying
electric fields across a target nedia. [0014] FIG 3 illustrates the

fl omchart describing the operation procedures of the present invention.

Det ai |l ed Description of the Invention [0015] The present invention provides
an apparatus and nethod for optim zing nonitoring, nodifying and recording
the conplete el ectroporation process. FIG 1 illustrates the apparatus in
accor dardectsipbtationethetrbad prioride pfogrdrampblesabitrary weaviefarm, pultinghtraiosiior ses a
control mpdule 4, a mcro-controller unit 3, an arbitrary waveform

gener at SPUIHERE e LeaimeRt GApIEA - power nodul e 1, a neasurenment unit 7, a set
of electrodes 5, a switch unit 8 and a sensory nodule 6. [0016] The
preferred enbodi nents of the aforesaid conponents in the apparatus will now
be descripepsti. The Henitopotationallbes theciossiion sf ofrtzan ooplpuft agentaite kelkesiMstyar d,

nouse and aphi.c er.interface (GQJ ) that allows user to.input,

Cont  gareeat plsaabif cafBcine maiife InsubptBhe Aot G¥Eefy B O BB et o s
of the eth@kr@éﬁmpumyg]p%ﬂy RIS Bintecropbratib® mah Rhtksel ddBsitiérahig idedbmaditlamret ual
programmed process. ring the electroporation process, the transient

condi t i qresmaent side efeets & pgiichiscMajdryfadtersalfepiéngibie gell ppimsgbitsinduessiii t i ons.

This effect is l.argely du o the inherent vafriation q he bi ol ogi.cal
or oper ¢ i opgipti 8 deatifal S S ERCEFR ol e Heckitau ety
whi ch changesurdtioh,NBulb Shaes GindORDsAIHt@RaR! THESS phylieil fRsdnicersPALANRE er s
i nput by the user conprises duration, interval and peak voltage of the
ar bi t r arappi@vietdy rmoplipgicd got eash indigdualntaeatment, tas cysryp Rrtians it ugigeeto
referre W A . 1.CEO- r Fle3. 1S
A A R L R T
M cr 0- Ccwpehidll dfrthelpodes WinkhfficRaepulse srchgsi afidothbecapbilay liantinapaarerts from
6 the control mpdul e i r . to control_and synchronjze the arbi%%ﬁty

st ant

n orde
wavef or n¥iees aifest theretiabaligif thegeaimente d hpsinse, spdriraiiop qftheslester
vol t age #fl@lant AL AMkaricH b ERLIHDELA LOIIPASCAENE AthhbR i€ BBk AR
vol tage operation node, a fixed voltage is applied to the tissue or cell
whi | e t Heportanentnd & diffianled dchievabyseflam trdtiormahged obnveptom isonglppulsaret er s.
Vi ce versah ir] C.onﬁ%an%e curreﬂt gﬁer.ati on nmpde, .the current i s naintained
across tHENPAGEES nEHhTRAE (the DISPEEYPTREEFFORE FXPBP Al ¥R 4fe?hnge of
oper at | QleRAE BRRhRLvity INBRE NP REEE! the RroARSIES rRUAYVHES ! HsreRE §5RBd to
invention with the versatility to adapt to the various biol ogical
proper t i deyisofant dppatavgatd methiod. for generetiegyzppiyien tnd nivmiteiiog encaptintietd er

unit 3 copsi,st of. a Pl C 16F8Z6 m crochi rocessor accomnpani ed by
SUi t abl EIREIOISIAASERIFIEE © p GBTSOBRENY ADIEK MEvelPym RGN gener at or uni t 2
and custom zed power nodule 1 are coupled to the mcro-controller unit via

control/signal lines 21. The switch unit 8 is coupled to the
m cro- cdBe7bl | er UHiet pRsewt prveuiioe aptimizess monitense muskties end mieeordseall he

gencr at orogre AR R RORb R SLER SERERIR MR sl Sodlih Bkl 2o

that camprpvigiducse ARndedijeefonfaie cabbititiey MmdvBv.abnias Bl beififgiré BRiplocpeci fi ed
by the user. The Agilent IntuilLink Arbitrary Waveform software, referred
her ei n aramgigisfiptndiag buiopot limitedjtepplsprhapedirpaienss dugtiopofieldstengh and o

al | ow thoq JUSY= A STcI ol =To1 M oA ﬁg%&&gry waveform pul sing train through the
nouse or {louc screen mani qua ion. The arbitrary waveform pul sing train
will then be transferred and stored in the arbitrary wavef orm generator
unit 2. When the switch unit 8 is activated, the mcro-controller 3 wll
instruct the arbitrary wavef o?timB@RephthsInyention opr oduce t he stored
arbitrary waveform pulsing train to the custom zed power nodule 1. [0019]
The custQr.zed po i i I es the
schemat i[g('gsﬂaéf a C\S@iec}gr%g %@Eﬁ%%“m%mn I#Bg@}é\éeaﬁa %?ﬁggrrp I Ft@éﬁﬁg?ge%%ﬂaﬁﬁ%%ﬁ&

ar bi t r arappivingfaaroptimized elpctricatiolsl geortiag el ubyt tdidigardd fnbitrary weasefartm
generator unit 2. In a preferred enbodi ment, a pulse w dth nodul ati on (PW)
cont r ol IS 8i8%mr i sing of a combination of el ectronic conponents is
coupled to the arbitrary waveform generator unit 2 and the mcro-controller
unit 3 via control/signal lines 21. The PWM controller 11 receives and
processes the waveform signals and command signals fromthe arbitrary

wavef orm generator unit 2 and micro-controller unit 3 respectively, in
order to control the 7 operation of an electronic switch 13, for exanple
a transistor. The electronic swtch 13, coupled to a direct current (DO
power supply array 10, provides the neans for the PWMcontroller 11 to .
control the output voltage delivered fromthe DC power supply array to a
capacitor 12. The preferable capacitor value range is 330.F to 2200.F with

I P U 2 o o - —— ™~~~




[ 0022] The custom zed power nodule 1 is capable of operation in constant
vol tage and/ or constant current operation nodes, as was di scussed

her ei nabove. When operating at the constant voltage node in a | ow vol t age
range of OV to 250V, the custom zed power nodule 1 can deliver a current
range up to 11 QA for pul se duration & 1 oo to 1 s. 8 Simlarly, in
hi gh vol tage range of 250V to SkV, it can provide a current range up to
250A f or[oeospul se d‘\xrcardimglyoih cﬂr@ aspect;ttbe pABent isventibt eravadds\aal apparatus fore
constant curr.ent . node, e of .current bet ween QA to (g 25A with a

pul se dUFCBETRERE BIDTERLY W o I & gaiph i allr?éf‘@ TOPALOR, PROSES: HH etp&&aausoy t he
cust om Zc%@hp?ﬁﬁfgfa @Qg&hﬁzea ﬂo‘ivé?%ocﬁﬂé‘tlhé’lluhﬁl% aaaﬁledt%uﬁ%ﬁﬁml@ bo@ét §

bi ol ogi cal "properties of the target nedia. [0023] El ectrodes are coupled
to the cutaydor phviding ausutpwt \zoétdg@mapanﬁdu he ellectrmac ewich potml@bhdh@DQr s 22,
wherein the el ectrodes transf t he arb vefornt ul si.n

Goner at APy SRRV CHESe wiRR sBRalecHEal S hoI B AT PLe SR B

be appl |(ﬁﬁ)tﬁ@6@%ﬁ: iR theDASIowER Qg1 Qrray o BB RasH¥REH apiNe, widlitmed@stisrodes 5
e

are tweezers fromsurgical grade stainless steel. During the

el ect r odBMAYD) eentprllse éQ@lﬂétO the plactronis it wherein the VM eqntiolerreedives oduce
22n§: gftarn'f Splth g} %a%fo 1&3 trt]r%%rggﬁdb{;@rg{n%négglgfl;{ \ng?fg%ﬁ’l?o?ﬁ% eél@é%}o aggg M/
sizes t lmltcﬁhaahivepasvs milter (/EPE)rcoapﬂett Ito/ﬂlteap&ﬁtbQM{e@ém@[b OPF tecmeem bmpht
organs, for exanple nouse liver and nuscles. L0024 Durlng@the
el ectr ow@fqrmpw@ee@l@ from ¢herfapadiios 48d reamyeshigh Jrequenes dPken H0hg OWPHUl e 6
| B! SO DMl BRRHLEA GERE D MG EIDARR Hiiff gl Ut o1
conpr i sepolatity givitel teid cc(dle)d oehs vy pase dilte s Whetesn thg mlaty BWECIDﬁmthS'EI(SCH zed

|l ens and_uti|izing a | aser pojnter device to guide the sepsor dule to
the spedhf ipéi?r’é)l gh gy redHged EP’é%ft i fflilt%i WRNYLOTTE PYIRE U lOSRIQHYCSoHM t he
ther mal a‘?ﬁpﬂlﬁfeﬁ Wl PPt Wavaseh gE?erEﬂo? uh# %Buﬁlgﬁlfto w&gt@t@é& rary
wavef orm sing train ang'tlssue amage A neasurenent un

utili zespoawes ahodfle,pwdres B8 wavatomi tgone;ratmaamﬂrmomdds ltlm:mbmtraylwawfa:rmmt i on
fromthe target.nedia 30. These information udi f.or s ol t age,
cur rent RHRIE ol g (o1 Fostai e o PG, e PRI Ch de SEPRASH GhveliE 1 e
condi ti 119§ trhilHr&dREd b R R1ARY sRAek 8RS s@&&nﬂﬁlﬁ@é@@ﬁ@ﬂhs&@ th@biant r ol
nodul e for further process analysis and optim Zation. One preferred
enbodi nemavefdrmt fidsingtrgiwr enent unit 7 is the Agilent Oscill oscope 54624A.
Wavefornms fromthe oscilloscope can be stored in any portable storage nedia
such as floppy disk, thunb drive, MMJ SD/ CF nenory cards or printed out

di rect| yjoday ough an aﬁbt‘h@ﬁzﬁ&%@ctplhle He&Ent invéhtib PSlideEhemeed &lri geferdfigcadur es

of the apgeratus will now be described fromthe flowhart showm in FIG 3.
Bef or e tdibitiaheweyespon avlsig i5rindeskeing usad; injantedeptroppeation @roqgsLeopIESRHNt 1 ol
nmodul e t t he
arbit raﬁt{}é \%Sﬁ/so(?i{)(lr ﬂ]yd’n?'gglﬂﬁ rgglltdr’rt gwa\gg%?& 3{“’ ed}’{@h ngmgea?doﬁtﬁ ﬁlggdlﬁ%i’t t he
control iApgitthe oﬁeraﬂuln pdrbmétemto’:lﬂlb @BnfppélrmasRilE(s) stédng iﬁ&etrmﬂefya\tm\mﬁorm
paranmeters entered into the control_ nodule 4 are downl oaded and stored into
the nendysibg tFieripie ght MOy WAYHOSN fEsneips Bhiletd) plosegsdiengperaon At the
same ti dax{uggrs Yrb'a Iﬁﬁfg b&#ﬂb%{)&l?lpl(&j’ n¥ra ﬁs‘? glﬂsQ %t ﬁiencgb W \ga‘lé’orm

downl oa o0 the nenor rar mave enerator unit

subsequanilsipg traiadsithg aﬂwtsary[\mzﬁdnngmeratdimnﬁy\(@ ammplifiiing theifgstanildevdtted 104,
the actual. electro oratlon proc ss starts. gre arbltra mavgvfrntgenerator

uni t 2 (%DHEEY R EPTROPUIPHe TR Y ieogistomiz Bawsta%lu i(8h PERAUCHE an

m cro-cqf Jtﬁlf; IfR1q Hbs 2 tar ﬁeata &slilf‘% afebalﬁ 1fied ﬁ@(?ﬁ%@%&?@%réﬁe@ﬁmg HFt 2
outputs the first progra pul se the ser configured arbitrary
maveforqn&ubhiﬁgaﬂﬁumnwmﬁﬁﬁnﬁh@ﬂomeuwnwnednp@mbd modul e 1 then receives and
anplifies the first pulse accordingly to the appropriate voltage |evels
106. [0028] When the anplified pulse fromthe custom zed power nodule 1 is
output to the el ectrodes SBrafDRb@FHtidCof/ theDFalvingsr eat ed 107 at the target
media 30. Before the first pulse is conpleted, the mcro-controller 3
conput es and checks whet her the programed nunber of pulses is conpleted
108. If the user has specified nore than one pulse, the mcro-controller
unit 3 repeats activation of the arbitrary waveform generator unit 2 to
generate the second pul se and its subsequent pulses |05. This process
continues on until the total nunber of pulses for a particular pulse train
programmed by the user is conpleted. If only one pulse is specified or when
t he nunber of pul ses of the user configured arbitrary waveform pul sing
traln |s conpleted the m cro- controller unlt 3 mnll terntnate the

o o o, o o A NN F AT o " o o o, o o M




10 nonitors and records the tenperature distribution of the target nedia 30
during the entire el ectroporation process. [0030 Wi le the present

i nvention has been described with reference to particular enbodi nents, it
wi |l be understood that the enbodi rrentss are purely illustrative and that
the invention scope is not so limted.¥ Alternative enbodi nents of the
present invention will becone apparent to those having ordinary skill in
the art [0@1hhi ch tBrefepied smmhodimerds tacoerdpey tcathﬁcspre&n’chn‘eﬂmi@nn‘aﬂgnewﬂ@di ment s

Y R R R A R S N E

the appendgshte! ai ns and i s supported by the foregoi ng description. 11
CLAI M5 What is clainmed is: 1. An apparatus for generating arbitrary

wavef or 048] si ng thl&i nk iflestrates o Weel sliegrami oh thy dewlere sempoapnisrandus
conpri si; f: a m.z . nodul e including: a direct current (DC)
power sdg%f‘:?/’“%?&lé@y?%@eB%eggﬂlt i\\’r,:elgl{lgrrlf out put voltage; a capacitor; an

el ect r ono@ispwi t ch IIoUR @Estraed hHIdAk d@pRIm SPHY Mppardtay forpplyehd elddeic
el ectronic_switch provides neans for controlling the output voltage from

the DC pildsraczasppityreapediat o t he capacitor;
[0014] FIG. 3 illustrates the flowchart describing the operation procedures of the

present invention.

Detailed Description of the Invention

[0015] The present invention provides an apparatus and method for optimizing,
monitoring, modifying and recording the complete electroporation process. FIG. 1
illustrates the apparatus in accordance with one embodiment of the present invention,
which comprises a control module 4, a micro-controller unit 3, an arbitrary waveform
generator unit 2, a customized power module 1, a measurement unit 7, a set of electrodes

5, a switch unit 8 and a sensory module 6.

[0016] The preferred embodiments of the aforesaid components in the apparatus
will now be described. The control module 4 consists of a computer with keyboard, mouse
and a graphic user interface (GUI) that allows a user to input, configure, program, modify,
recall and store any set of desired parameters of the arbitrary waveform pulsing train for
both the transient and actual programmed process. During the electroporation process, the
transient conditions may deviate significantly from the actual programmed conditions. This
effect is largely due to the inherent variation of the biological properties, for example the
resistance of the tissue or organ element, which changes during the electroporation
process. The desired parameters input by the user comprises duration, interval and peak
voltage of the arbitrary waveform pulsing train. Hereinafter, these parameters are referred

as “operation parameters”.

[0017] A micro-controller unit 3 is coupled to the control module 4 via a signal line

21, wherein the micro-controller unit will receive and store the operation parameters from




a pulse width nodul ation (PW) controller coupled to the electronic switch,
wherein the PWM controller receives an arbitrary waveform pul sing train and
command signals for controlling the electronic switch; a |low pass filter
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may consist of a PIC 16F876 microchip processor accompanied by suitable memory

modules.

[0018] Both the arbitrary waveform generator unit 2 and customized power module
1 are coupled to the micro-controller unit via control/signal lines 21. The switch unit 8 is
coupled to the micro-controller unit 3 to provide a means for the user to initiate the
electroporation process. One preferred embodiment of the arbitrary waveform generator
unit 2 is the Agilent 33220A 20 Mhz Arbitrary Waveform Generator that can produce any
patterns of arbitrary waveform pulsing train specified by the user. The Agilent IntuilLink
Arbitrary Waveform software, referred herein as “waveform editor”, is implemented in the
control module 4 to allow the user to create any arbitrary waveform pulsing train through
the mouse or touch screen manipulation. The arbitrary waveform pulsing train will then be
transferred and stored in the arbitrary waveform generator unit 2. When the switch unit 8 is
activated, the micro-controller 3 will instruct the arbitrary waveform generator 2 to

reproduce the stored arbitrary waveform pulsing train to the customized power module 1.

[0019] The customized power module 1 will now be described. FIG. 2 illustrates
the schematics of a customized power module 1 for amplification of the arbitrary
waveform pulsing trains generated by the arbitrary waveform generator unit 2. In a
preferred embodiment, a pulse width modulation (PWM) controller 11 comprising of a
combination of electronic components is coupled to the arbitrary waveform generator unit
2 and the micro-controller unit 3 via control/signal lines 21. The PWM controller 11
receives and processes the waveform signals and command signals from the arbitrary

waveform generator unit 2 and micro-controller unit 3 respectively, in order to control the




12 3. The apparatus as clainmed in claim1 further conprising of a control
nodul e, wherein the control nodule allows the user to configure the
arbitrary waveform pul sing train and i nput operation paraneters. 4. The
apparatus as clainmed in claim1l further conprising at |east two el ectrodes
coupled to the custom zed power nodul d, wherein the at least two el ectrodes
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arbitrary waveform pulsing train using a control nodule; (b) inputting

oper at i drequancnstikessthpiharg delrtercitst todhe applidagion of electroporation on the target
media 30. A low pass filter (LPF) 14 is coupled to the capacitor 12 to remove any

undesirable frequency spikes. The capacitor 12 delivers an output waveform pulsing train
to the LPF 14, whereby the LPF removes the undesired frequency spikes in the output
waveform pulsing train and generates a filtered waveform pulsing train. One embodiment
of the low pass filter is a combination of resistors and capacitors with an operating range of

1uF to 10pF.

[0021] The filtered waveform pulsing trains only comprises positive pulses. In
order to substantially replicate the arbitrary waveform pulsing train produced from the
arbitrary waveform generator unit 2, a polarity switch unit 15 is utilized to reverse the
polarity in the pulses of the filtered arbitrary waveform pulsing train. The PWM controller
11 is coupled to the polarity switch unit 15 to control the required pulses of the filtered
waveform pulsing train to be reversed. Thereafter, the polarity switch unit 15 produces an
amplified waveform pulsing train that substantially corresponds to the arbitrary waveform
pulsing train delivered by the arbitrary waveform generator unit 2. The polarity switch unit
comprises a combination of transistors. All the individual components 10, 11, 12, 13, 14,

15 are inter-coupled by electric conductors 22 as illustrated in FIG. 2.

[0022] The customized power module 1 is capable of operation in constant voltage
and/or constant current operation modes, as was discussed hereinabove. When operating at
the constant voltage mode in a low voltage range of 0V to 250V, the customized power

module 1 can deliver a current range up to 110A for pulse duration of 100ms to 1Is.



(c) storing the arbitrary waveformpulsing train into an arbitrary waveform
generator unit; (d) storing the operation paraneters into a
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[0023] Electrodes 5 are coupled to the output of the customized power module 1

via electric conductors 22, wherein the electrodes transform the arbitrary waveform
pulsing train generated by the customized power module into electric fields that are to be
applied across the target media 30. In one embodiment, the electrodes S are tweezers made
from surgical grade stainless steel. During the electroporation process, at least two
electrodes 5 are utilized to produce an electric field across the target media 30. These
tweezers electrodes may consist of a series of interchangeable tips of various geometry,
shapes and sizes that enables in vivo or ex vivo electroporation on live animal organs, for

example mouse liver and muscles.

[0024] During the electroporation process, a contactless remote high speed sensory
module 6 is implemented to monitor, measure and record the temperature distribution of
the target media 30. In one embodiment, the sensory module 6 may comprise an infra-red
(IR) sensory module housing a series of customized lens and utilizing a laser pointer
device to guide the sensory module to the specified area of the target media 30. This
enables the study of the thermal effect relationship with respect to the user configured

arbitrary waveform pulsing train and tissue damage.

[0025] A measurement unit 7 utilizes a set of probes 23 to monitor, measure and
record all information from the target media 30. These information including waveforms,
voltage, current and tissue/cell resistance during the initial, transient and final conditions of
the electroporation process can be uploaded to the control module 4 for further process
analysis and optimization. One preferred embodiment of the measurement unit 7 is the
Agilent Oscilloscope 54624A. Waveforms from the oscilloscope can be stored in any
portable storage media such as floppy disk, thumb drive, MMC/SD/CF memory cards or
printed out directly through an attached printer.




arbitrary waveform pulsing train to transfect cells, tissues and |iving

or gans.
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downloaded to the memory of arbitrary waveform generator unit 2 for subsequent

processing 103.

[0027] Once the switch unit 8 is activated 104, the actual electroporation process
starts. The arbitrary waveform generator unit 2 is activated for the first programmed pulse
duration by the micro-controller unit 3, wherein the arbitrary waveform generator unit 2
outputs the first programmed pulse of the user configured arbitrary waveform pulsing train
105. The customized power module 1 then receives and amplifies the first pulse

accordingly to the appropriate voltage levels 106.

[0028] When the amplified pulse from the customized power module 1 is output to
the electrodes 5, an electric field is created 107 at the target media 30. Before the first
pulse is completed, the micro-controller 3 computes and checks whether the programmed
number of pulses is completed 108. If the user has specified more than one pulse, the
micro-controller unit 3 repeats activation of the arbitrary waveform generator unit 2 to
generate the second pulse and its subsequent pulses 105. This process continues on until
the total number of pulses for a particular pulse train programmed by the user is
completed. If only one pulse is specified or when the number of pulses of the user
configured arbitrary waveform pulsing train is completed, the micro-controller unit 3 will

terminate the electroporation process 109.

[0029] During the electroporation process, the measurement unit 7 constantly
monitors and records all information including transient operating conditions including

waveform voltage, current and cell/tissues resistance. Concurrently, the sensory module 6
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monitors and records the temperature distribution of the target media 30 during the entire

electroporation process.

[0030] While the present invention has been described with reference to particular
embodiments, it will be understood that the embodiments are purely illustrative and that
the invention scope is not so limited. Alternative embodiments of the present invention
will become apparent to those having ordinary skill in the art to which the present
invention pertains. Such alternate embodiments are considered to be encompassed within
the spirit and scope of the present invention. Accordingly, the scope of the present
invention is described by the appended claims and is supported by the foregoing

description.
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CLAIMS
What is claimed is:

1. An apparatus for generating arbitrary waveform pulsing trains for an
electroporation process, said apparatus comprising of:

a customized power module including:

a direct current (DC) power supply array for providing an output voltage;

a capacitor;

an electronic switch coupled to the DC power supply array, wherein the
electronic switch provides means for controlling the output voltage from the
DC power supply array to the capacitor;

a pulse width modulation (PWM) controller coupled to the electronic
switch, wherein the PWM controller receives an arbitrary waveform pulsing
train and command signals for controlling the electronic switch;

a low pass filter (LPF) coupled to the capacitor, wherein the LPF receives
an output waveform pulsing train from the capacitor and removes high
frequency spikes in the output waveform pulsing train from the capacitor,
producing a filtered waveform pulsing train;

a polarity switch unit coupled to the low pass filter, wherein the polarity
switch unit reverses the polarity of the required pulses in the filtered waveform
pulsing train to produce an amplified waveform pulsing train;

a waveform generator unit coupled to the customized power module, wherein the
waveform generator unit provides the arbitrary waveform pulsing train to the customized
power module; and

wherein the amplified waveform pulsing train produced by the polarity switch unit

substantially corresponds to the arbitrary waveform pulsing train.

2. The apparatus as claimed in claim 1 further comprising of a micro-controller unit
coupled to the PWM controller and arbitrary waveform generator unit, wherein the micro-

controller unit controls the PWM controller in switching of the electronic switch.
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wherein the control module allows the user to configure the arbitrary waveform pulsing

train and input operation parameters.

4. The apparatus as claimed in claim 1 further comprising at least two electrodes
coupled to the customized power module, wherein the at least two electrodes transforms
the desired waveform pulsing train from the polarity switch unit into an electric field

across a target media during electroporation.

5. The apparatus as claimed in claim 1 further comprising of a sensory module,
wherein the sensory module includes a laser pointer device that locates the target media for

temperature measurement undergoing the electroporation process.

6. The apparatus as claimed in claim 1 further comprising of a measurement unit that

is coupled to the customized power module and the target media.

7. The apparatus as claimed in claim 4 further comprising a set of tweezer electrodes,
wherein the tweezer electrodes consist of a set of interchangeable tips, wherein

interchangeable tips comprised of various shapes and sizes.

8. The apparatus as claimed in claim 3, wherein the operation parameters can include
the pulse strength, pulse duration and pulse frequency of the arbitrary waveform pulsing

train.

9. A method for generating an arbitrary waveform pulsing train for being used in an
electroporation process comprising the steps of:

(a) configuring an arbitrary waveform pulsing train using a control module;

(b) inputting operation parameters into the control module;

(c) storing the arbitrary waveform pulsing train into an arbitrary waveform
generator unit;

(d) storing the operation parameters into a micro-controller unit;
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(h) checking if pulses in the arbitrary waveform pulsing train are completed.

10.  The method as claimed in claim 9, wherein the arbitrary waveform pulsing trains

can be configured using a waveform editor software in the control module.

11.  The method as claimed in claim 9, wherein the operation parameters can include
the pulse strength, pulse duration and pulse frequency of the arbitrary waveform pulsing

train.

12. The method as claimed in claim 9, further comprising applying the amplified

arbitrary waveform pulsing train to transfect cells, tissues and living organs.




