1 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 WAVEFORM
PULSING TRAIN Field of the Invention [0001] The present invention relates
to the field of electroporation, gene qtransfection and cell fusion. Mre
particularly, the invention concerns an el ectroporation apparatus and
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nannallan cells, plant protopl ast s, bacterla fungi and others. Foreign
materi al s, referred herein a ant a ents", to be introduced into the
living cells can include but?ﬁﬁkgﬁPWﬂﬂgé ?B“@Bh%% DNA, peptides, proteins
and ot her pharmacol ogi cal conpounds. Under in-vivo procedures, the

el eCtrOpfbﬁ)@i]i on prgfé%ﬁ%p&ca?ildlhswas first discovered in the 1970s when scientists

demonstrated the use of electric fields to create or induce/open pores in cells without
causing permanent damage to the cells. This discovery was developed to enable the
delivery of genes and various molecules into living cells, tissues and organs. By applying
an electric field across cells or tissue element, the permeability of cell membrane is
enhanced to enable the entry of genes and molecules into the cell cytoplasm. This
phenomenon is transient as the pores reseal upon removal of the applied electric field.
Presently, the application of electroporation has expanded into various diverse fields such
as molecular biology, cell biology, plant genetics, hybridoma technology, agriculture

research, gene therapy and others.

[0003] Applications of electroporation involve in-vivo or ex-vivo {in vitro)
processes where foreign materials are introduced into living cells, tissues or organs. These
living cells include human cells, mammalian cells, plant protoplasts, bacteria, fungi and
others. Foreign materials, referred herein as “implant agents”, to be introduced into the
living cells can include but not limited to genes, DNA, peptides, proteins and other
pharmacological compounds. Under in-vivo procedures, the electroporation process occuts
within the living organism. Tweezer and needle electrodes are employed to secure the

tissue of interest in place, for example the tumor itself and/or the epidermis encompassing



within the living organism Tweezer and needle el ectrodes are enployed to
secure the tissue of interest in place, for exanple the tunor itself
and/or the epiderm s enconpassing 2 the area of cells to be treated in
place, while providing an electric fiebd across the specified region of
interest. Cell menbranes are transiently made porous by the presence of an
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alternative methodology for the research of chemotherapy, known as electrochemotherapy,

whereby electric pulses are used to increase the permeability of cancerous cell walls so as
to allow higher concentration of anticancer drugs to penetrate the cancer cell cytosol.
Application of electrochemotherapy is more beneficial to the patient as it minimizes the
dosage of treatment drugs and more importantly, the anticancer drugs are able to enter the

cancer cells more effectively with minimal tissue damage.

[0005] An electroporation method and apparatus generating and applying an
electric field according to a user-specific pulsing scheme is taught in U.S. Pat. No.
5,869,326, FIGS. 5-9 of the U.S. patent illustrates various uset-specified pulse shapes
limited to “high” and/or “low” output voltages. While the user may be able to specify the
range of the output voltage, the shape of pulses is limited to only rectangular waveforms.
In order to achieve an effective and reliable electroporation treatment, physical parameters
such as duration, strength, form and frequency of pulses must be controllable over the

treatment region of interest. Hence it is imperative to achieve an apparatus and method for



limted to "high" and/or "low' output voltages. Wile the user may be able
to specify the range of the output voltage, the shape of pulses is |imted
to only rectangul ar waveforns. 1In order to achieve an effective and
reliable electroporation treatnent, phgsical parameters such as duration,
strength, formand frequency of puI ses nust be controllable over the

treat ment ion terest.. Hence i rative to achieve an
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apparatus and nmethod for generating, applying and nonitoring an optim zed
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electric conductivity of the cell, may affect the treatment 1esu1t Hence there is a need to
devise an apparatus and method for generating, applying and monitoring an optimized

electric field according to a user configured arbitrary waveform pulsing train.

[0007]} The present invention optimizes, monitors, modifies and records all
processes parameters and conditions of gene transfection, during electroporation with the
provision of advanced performance capabilities and flexibilities to configure all process
parameters including but not limited to pulse shape, frequency, duration, field strength and

other critical important influencing factors.

Summary of the Invention

[0008] The present invention provides an apparatus and method for generating and
applying an optimized electric field according to user configured arbitrary waveform

pulsing trains



paramnmeters including but not limted to pul se shape, frequency, duration,
field strength and other critical inportant influencing factors. Sunmary
of the Invention [0008] The present invention provides an apparatus and
met hod for generating and applying angoptim zed electric field according
to user configured arbitrary waveform pulsing trains 4 [0009]

Accordin in ong aspect, .the present invention.provides an apparatus for
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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.

[0010] In another aspect, the present invention provides 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 info 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; () generating first pulse of the arbitrary waveform
pulsing train by the arbitrary waveform generator unit; (f) amplifying the first pulse of the
arbitrary waveform pulsing train by the customized power module; (g) producing an
electric field across a target media using the amplified first pulse; and (h) checking if

pulses in the arbitrary waveform pulsing train are completed

Brief Description of the Drawings



the steps of (a) configuring an arbitrary waveform pulsing train using a
control nodule; (b) inputting operation paraneters into the control

nodul e; (c) storing the arbitrary waveform pulsing train into an arbitrary
wavef orm generator unit; (d) storing tlae operation paranmeters into a

m cro-controller unit; (e) generating first pulse of the arbitrary waveform
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the anplified first pulse; and (h) checking if pulses in the arbitrary
wavef or nflstic8isng train are conpleted Brief Description of the Drawings 5

[0011] P rred embadi ~accondl ng J.he pres .nventi i.1 1 .now be
descri begﬁ\f}\nﬁt h ref g?ghégﬁp}gﬁtaﬁg %rbg(\gm&ngfsa%l%}ﬁ %pl{h%hﬁ{&?wgper gf)}él gﬁ%@s naﬁlrc}er al s
denot e | iikacomicetient thd PRI} irvkdionl i1l ustrates a bl ock di agram of the
har dwar e_conponents_and . i nterconnectjons of the present invention; [0013]
FIG 2 it rat es FHOpE dBRstiagt Akackrdiggiamapiptie spnaratusy fog sppYyinggcler@et ri ¢
fields agggg%l%sst@{ag%tt {|dj a. [0014] FIG 3 illustrates the flowchart
describing the operation procedures of the present invention. Detailed
Descri pt [00m]of t heFIGvemiusontef Ol Bpwileet pesesibinp thevpartiion ppcotirdest dia
appar at us_ anq.mat od for optim zing, nonitoring, nodifying and recording
t he conpPet®"ét'éCtPhporation process. FIG 1 illustrates the apparatus in
accordance wth one enbodi nent of the present invention, which conprises a
control nodule 4, a mcro-controller unit 3, an arbitrary waveform
generator unit 2, a custofetaiteddeseriptiodwf éhdinvantieasur ement unit 7, a set
of electrodes 5, a switch unit 8 and a sensory nodule 6. [0016] The
i f th f i d_conmponents in the apparatu
preferr eﬁ'm? qu odi mﬂﬁms p?esext‘lt i%vg}t?orneg1%|\19des agpapparatus z!md met%odpf[())r optim?zing,
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



wi |l now be described. The control nodule 4 consists of a conputer with
keyboard, nmouse and a graphic user interface (GU) that allows a user to
i nput, configure, program nodify, recall and store any set of desired
parameters of the arbitrary waveformpglsing train for both the transient
and actual programred process. During the el ectroporation process, the
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across thgdtRsget mnedia and the voltage is allowed to vary for the range
of operation paraneters. These two operation nodes provide the present

invention with the versatility to adapt to the various bi ol ogical
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gener at otinit 2 1s the Agilent 33220A 20 Mhz Arbitrary Waveform Generator that can produce any
patterns of arbitrary waveform pulsing train specified by the user. The Agilent Intuil.ink
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



unit 2 is the Agilent 33220A 20 Mz Arbitrary Waveform Cenerator that can
produce any patterns of arbitrary waveform pul sing train specified by the
user. The Agilent IntuiLink Arbitrary Waveform software, referred herein
as "waveformeditor”, is inplenented ip the control nodule 4 to allow the
user to create any arbitrary waveform pul sing train through the nouse or
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[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 Is.



undesi rabl e frequency spi kes. The capacitor 12 delivers an output waveform
pulsing train to the LPF 14, whereby the LPF renoves the undesired
frequency spikes in the output waveformpulsing train and generates a
filtered waveform pul sing train. One egbodinent of the |low pass filter is
a conbination of resistors and capacitors with an operating range of | F
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pul ses ofangheffculiter s detwdeintG/aty O\Bavefvith r pusesdurgtidir af 0s tol bigs. P\Wingahisr ol | er

11 is coupled.to the polarit witch unit 15 to control the requjred pul ses
of the fFfQFET "%%5&%" Subsi gc"tSFoé‘i“ﬁe‘i BOWEr P’é?glélres 5. nﬁfﬁ@ﬂ%ﬁ% nd ishe

pol ari ty dswnb&h odithd bibRoRPHHESicRDf ihdMbéh&fa Wavef orm pul sing train that
substantially corresponds to the arbitrary waveform pulsing train

delivered by the arbitrary waveform generator unit 2. The polarity switch

unit coppri.ses a ination of transjstors, | the i.ndividual onent s
1o 1o HBRNSS T, ERIBRAE S 8 Qupl O3S of e PO R S0 BH Lo

i ' ustratRdeledtric! anddetolP8221vhEREn GHS LRR1E8EE RANEH TRV LebikakS wadP@Rhe of
operation in constant voltage and/or constant current operation nodes, as

was di schelsiag traén genestied by thiharstaspeedipweg medule figo slesicaiieldy tiat agdoede i n

el Tver AR SRR P yactiptda S Mol ARt OF GEPSPRSRS s btier s e 6

Si mi|arl frord Bugicah gradet agﬁlldssarmeeloﬂ)u%@\&h&QelédtMpokatti@agro@egyia@@e@t GWbI ent
range up to 250A for a pulse duration of 10 Its to 200 Its. Alternatively,
in the celfgiedes T areruHizeddedroduse anredergiac beldcaprpssribe ity eplempdie300AThesc0. 25A
wth ap i : ri-ng .t hi B e _hrovided
by tho oo ANLAN By Lol of P seritlol Meleibeal®afs 0Bl 808 M on the
bi ol ogi csllappy apksitdsabatahableein avget cRethioeledtRpPadtiokloadiveatagalorgas, feupl ed
to the output of the cusqtlom' zed power nodule 1 via electric conductors 22,
wher ei n PRERET BOUY  apd BNSFl8T m t he arbitrary waveform

[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.



pul sing train generated by the custom zed power nodule into electric fields
that are to be applied across the target nedia 30. In one enbodi nent, the
el ectrodes 5 are tweezers made from surgical grade stainless steel. During
the el ectroporation process, at least itwo electrodes 5 are utilized to
produce an electric field across the target nmedia 30. These tweezers

el ectrodes may consist of a series of interchangeable tips of various
geonetry, shapes and sizes that enables in vivo or ex vivo el ectroporation

on live gpsel or 9amns opb@iion PXREBIRs BPUREIphMELs WlI0ndW BE ldeSeribk@PR4] tHaur i ng
the el ectroporation process, a contactless renote high speed sensory

modul e 6 flowcharplavennddG. 3. Bofvire the clavtraperéompidcese comdtiatdie thearspensas thee

di stributiqn,of he target dia.30. In ene embodj ne 1e sensory nodul e
6 my conpia ot fd A7l P abi ot RRBaTTEtRLTE ay. ARGe FRAE

cust om zedveRnas piing trhini i&lc@ﬂﬁgnba,smé ub& IRp @K intdaé e6ntt rgdtude 4t egnsory
nodul e to the specified area of the target nedia 30. This enables the

study of op¢iatiehparametess HHeThe eperation phiapielirs pntpied pelotthe eorntred mpskefe 4 are

confi gur rhLjrany ef | Si .n and. ti ..d ge. 023] A
roasur endat DR R IRCHRL BEM SRR, o RIS IR NFur S TR Sunieoa
record abtocesyiigr hef.ixanhdé s:ome tife, thangeat combdingd 3ebiudliessyvefarhopileing Ain is

i ncl udi ng waveforns,., voltage, current and tissue/cell resistance during
the init aw,nlqafi%%@ dh¢ D50 ARRIRBAY PMasRoTBT genekrok Makt # dpbsHPICRCHr ocess
can be u?}og@gg%]ﬂg'the control nodule 4 for further process analysis and
optim zati on. e preferred enbodi nent of the neasurenent unit 7 is the
Agil ent Gscilloscope 54624A. Waveforns fromthe oscill oscope can be stored

in any ortabl e storage nedia sugch as. flap i sk, thunb drive, MV SD/ CF
nenor y CE’PEQ or pMUfit & %ﬂfChd‘i“}IEgtW Wﬁ?@ﬁd@ﬁa g’ﬁ agfqa;@}%ggomrpm%pyocgss
[0026] T ) hi00 - ; i . rd.jped from
the 11 onahar e ook RETR: gonhl DR FRRFLER b PReoE SR80

i ni ti at edyratipe byghe migresconhellercant 3 owherotuthe adbitrarycoadfedfgun getenatonntit €r ar y
wavef orm pul si train 100. After %lhe ar bi ra‘rﬁ%a wavef or trainis

b
conf i qur SHPYRHECHELPragrEd PHEGOT e UetrfoRBEDRE ARG YAV HasIe 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 §, 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



operation paraneters 101. The operation paraneters entered into the control
nodul e 4 are downl oaded and stored into the nenory of mcro-controller
unit 3 for subsequent processing 102. At the same tine, the user
configured arbitrary waveform pulsing {gain is downl oaded to the nmenory of
arbitrary waveform generator unit 2 for subsequent processing 103. [0027]

On th itch it | ti t eq. 4..th t ual I i .
starts. ety G e Ren dittipon it rRoaiEt neer il iMedhe SRRt et
progr ammedcRehcrionb@dst.on by the mcro-controller unit 3, wherein the

arbitrary waveformgenerator unit 2 outputs the first programred pul se of
the user configured arbitrary waveform pulsing train 105. The custom zed

i appr BSPiar o vortagart siarR 1AM b Ben S 14 ke EredGRr Lt U ©

t he cust embaéichepoyar witbistulgdetstb&d tHat pietertibdithb@s aleplk R0@SstPativ@ngltegt ri c
field is created 107 at the tap?et nmedi a _30. Before the first pulse is
conpl et et® HPNCICEPE Britat P | lapitesl. cHipinaidse embodimentssofithe Prsenttipeention

Pr ogr amTee JUERE apdhiBlhS SodeSnARAPRNRLY O8N ih!mb NG, U5 SR TS BRELI! e
nore than one pu séi the " m cro-comtroller unit 3 repeats activation of the
ar Ei trar mvmamlﬁ’f pertaige rfachtabieratel dmidinentg arteroatidetcdao ibe@ﬁdri]’tﬂmﬁuske&ilew'ﬁ}ﬁiﬁb its f
subsequent pul.ses,105. Thi.s process continues qQn unti the total nunber o
pul ses f Br %155%@ é&@p&rogmes@'eﬁ%ilﬁvwwr a#ﬁ%gﬁyé%tﬂ@e geeie ps the Bigsendt ed.

If only i Ch{ i W& okt r : user
configurg§%3€%+?gé#émaggé?%ﬁﬁggg%glng f%@?ﬁQ#@bgoﬂgﬁggggﬁﬁfﬁ%Iﬂh@ﬁmﬂ%

m cro- codgscopli@r. unit 3 will termnate the el ectroporation process 109.

[ 0029] During the el ectroporation process, the neasurenent unit 7
constantly nonitors and records all information including transient
operating conditions including waveformvoltage, current and cell/tissues
resi stance. Concurrently, the sensory nodule 6 10 nonitors and records the
tenperature distribution of the target nedia 30 during the entire

el ectroporati on process.



[0030] While the present invention has been described with reference to
particular enbodinents, it will be understood that the enbodiments are
purely illustrative and that the invention scope is not so |limted.

Al ternative enbodi ments of the presentlinvention wll become apparent to
those having ordinary skill in the art to which the present invention
pertains. Such alternate enbodi nent %ﬁ&mgonsi dered to be enconpassed
within the spirit and scope of the present invention. Accordingly, the
scope of the present invention is described by the appended claims and is
supporteg‘{@é.t‘ge f\gr.e‘goi ng description. Il CLAIMS What is clainmed is: I.
An appar '¥of"erErating arbitrary waveformpulsing trains for an

el ectroporation process, said apparatus conprising of a custom zed power
nodul e including: a direct current (DC) power supply array for providing an
out put vdltagén appempscifoor germmatige carbitmic savdfomm couplred ttand hfyr Danpower
supply array, v_\gerei_n the . electronic sw t}ch_ provides neans for controlling
t he out pultecvoqol1 §8 HPEHF-t5Ald APPE S WRFPEHBBOY array to the capacitor; a

pul se w dt h npdwidhien 6@%0@@8%&%&%: coupled to the electronic swtch,
wherein the PWM controller receives an arbitrary waveformpulsing train
and command si gnal 8direst cemartr (I ipagret fuwpll seayrfonpoveing ahoutputl voltapas s
filter (LPF) couplgd, a‘B‘t&he capacitor, wherein the LPF receives an output
wavef orm pul sing trarn f¥'om t he capaci tor and renoves high frequency
spi kes in the out pui cWwairefiorswmifbl@up@dtiahd IT @BwkheuHRAPakht, OhereiRl @dUci ng
a filtered vvavef?rm pul sing train; a polarity switch unit coupled to the

| ow pass filter ClgHBRS S,!fvlfc%eprgwplgsr iregns 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 wavetorm 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.



switch unit reverses the polarity of the required pulses in the filtered
waveform pulsing train to produce an anplified waveform pulsing train; a
wavef orm generator unit coupled to the custom zed power nodul e, wherein the
wavef orm generator unit provides the ambitrary waveformpulsing train to

t he custom zed power nodul e; and wherein the anplified waveform pul sing
train preduce e. pol.arity. Sw nict . substantially corresponds to

t he arbi?raryéggégkggﬁgﬁﬁl@?%éﬂtﬁgﬁﬁnn;%f##&“aﬁ%&?&?ﬁsogg'%rgpﬁgﬁxﬂﬂaclaim
| f urt hewheeimthesiongobinoduld afloos b s tb @bntifint the attphed Wwoetdier Rlhg
controller, and arbitrary waveform generator unit, wherein the mcro-

cont r ol | B0 @AEHNRUGAPSTBILQ! RAEENG control I er in switching of the el ectronic
switch. 12 3. The apparatus as clained in claiml further conprising of a
control nodule, wherein the control nodule allows the user to configure

t he arbi4.rar yThavppaams palcdiimgd ibrckiim arfdrtherpetmopareahi kastpaoaseterds 4.
The apparaty as, claimed in claim,|l further conprising at |east two

el ect r ode¥PEIaIPE FUTIBMIASE POVST BHR s "hEwE tifod F%ﬁtﬁ%éﬁﬁﬁﬂkﬁﬁgmgp”Péast
two el ecihtafssed MaRSoPhMBulsihd @radle Flohe theBYEH Q" SVRY SAPInibr A @1@&'}‘9%%5‘9_
polarity switch unit into an electric field "across a target nedia uring

el ect r opwressiadgprgetmedihdurippalesverai®nc| ai ned in claim 1 further conprising
of a sensory nodule, wherein the sensory nodule includes a | aser pointer
device that |ocates target nedia for tenperature neasurenent undergoi ng
the el ecs.r opoTiad apphri®GeSSainRd iih@aidPRanaihes compeikial NEda isBaseh@imddyid ur t her
conprising of a measurenent unit that 1is coupled to the custon zed power
nmodul e anereiRrthe sensei modute inthdesyp frsprapoigieasieyicg theldlocates [tatizeh @ediarfoher
conpri si S el MEE lect rodas,. Wherein the tweezer el ectrodes
consistt%%pgagg%n%%mﬁﬁﬁgﬁgﬁgﬁ gg%ﬁggﬁ?%g¥%gﬁggé?%mﬁfnterchangeable tips
conpri sed of various shapes and sizes. 8. The apparatus as clained in claim

3, mherﬁgn thF operation paraneters can include, . )
. he apparatus as claimed in claim 1 further comprising of a measurement unit that

is coupled to the customized power module and 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;

(¢} storing the arbitrary waveform pulsing train into an arbitrary waveform
generator unit;

(d) storing the operation parameters into a micro-controller unit;



the pul se strength, pulse duration and pul se frequency of the arbitrary
waveform pulsing train. 9. A nethod for generating an arbitrary waveform
pul sing train for being used in an electroporation process conprising the
steps of. (a) configuring an arbitraryi3waveform pulsing train using a
control nodule; (b) inputting operation paranmeters into the control
nmodul e; (c) sterj. he . Lt:r.ary vef or i.n |n| to an rbltrary
wavef or m gen@?a%cgfgrahﬁgttﬁé %E%I[I%P{o\r”%%gf&t[ﬁéﬂ%%% zltalmgrl? par %‘lyswa ?8”5

m cr o- cogdrienlidamitgni t; 13  (e) generating the arbi trary wavef orm pul si ng

train by the ﬁ’bl trar wavef orm generator unit; F&(]@ nplifying the
gener at ed ar bilt PEINI W%éh‘br&ﬁfﬂ%ﬁﬂegl%@“‘F‘Wa%"%f?”ﬁ ’t‘ibr‘ﬁazlbéy Powermrredul e;

wher ei n bRGRliE A ARVRS QSLRU Shidod agin%%ldd ks RASRE b i ERy 2 | oW

pass filter to renmove any undesirab uency spi kes 'so as to~generate a
filteredpaspaviesoonrquudsi agy nmlelcsn,abhnﬁeqﬂrtmmlsprlstchesof Bd tter gdenay af Hiere¢hul si ng
i i rity swtch unit so as. to

train is reversed for iits . pqlarity b
pr oduce wagsorar b ﬁlﬁe.*lﬁﬂédﬂw\a@@fe@? fﬁ’eptdi‘%‘%‘@am G P g 88 B YR ifs
corres poﬁtﬂﬁltgf%fytﬁﬁolﬁﬁt?'s%t@ﬁ YinMay af Qfﬁ?o@ﬁ’écsd e taﬁﬁa'hﬁecg%%t@ﬁﬁ é cfhacr oss a

arbitrary waveform generator unit; (g) producing an electric
target nwaisubsntiglt herrdspaads aniiki fibiary weay efoon npupsins it gq:lwcrlcd apdhé h)

t erm nat ation process when pulses in the arbitrary
wavef or n%lgglahts]l%ﬁ%? ?’?91161%181 Whpl eted. 10. The nethod as clainmed in claim

9, wherein t l‘@)%ﬁ@dd{:ﬁ@r ¥in VRCRE O TP WBENE thipdt RfediL afinPane abi Apabedsi Nng a
wavef orm editor software in the control nodule. 11. Thé nmethod as cl ai ned

in cl ai nYavelQuepeping 14l 8pdr ati on paraneters can include the puI se

[S)Llr glng; h, pul &s té?H]rn?atli'ng Qh@‘%ct%ldo?ﬁi(;nr HAUEN GHhel fpuﬁs@? iR B0 WAV 01% m

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.



train. 12. The nethod as clained in claim9, further conprising applying
the anplified arbitrary waveformpulsing train to transfect cells, tissues
and |iving organs. PROGRAMVEABLE APPARATUS AND METHOD FOR OPTI M ZI NG AND
REAL TI ME MONI TORI NG OF GENE TRANSFECTH&N BASED ON USER CONFI GURED

ARBI TRARY WAVEFORM PULSI NG TRAIN ABSTRACT The present invention provides
an apparatus and a nethod for generating and applying an electric field
according to a user configured arbitrary waveform pulsing train. A control

modul e al | RO GRAMMETABDE! APPARAIEU SIANIY METHOD $OR &0 IMIAINGANT he
arbitrary waveformpulsing train for the el ectroporati on process. A

nm cr o- cont AEAE TRMEMEON] NG OF £NB AR ANSEBEIIONBASES ONaWSERDi t r ary
wavef or m gener at i ) i t he
el ectr opo?ati on g?&ﬁelgsUﬁfﬁeﬁérﬁgﬁ{gg%‘;Wmﬁ?@@%é?éﬁgmm produces

the arbitrary waveformpulsing train that is anplified by the custom zed
power nodule. The custom zed power nodule is coupled to at | east two

el ectrodes, wherein the at |east ARSHERAEHH odes will produce an electric
field across a target nedia. Fig. 1 acconpani es the ABSTRACT.

The present invention provides an apparatus and a method for generating and
applying an electric field according to a user configured arbitrary waveform pulsing train.
A control module allows the user to input operation parameters and configure the arbitrary
waveform pulsing train for the electroporation process. A micro-controller unit coupled to
the control module controls an arbitrary waveform generator unit and a customized power
module. During the electroporation process, the arbitrary waveform generator unit
produces the arbitrary waveform pulsing train that is amplified by the customized power
module. The customized power module is coupled to at least two electrodes, wherein the at

least two electrodes will produce an electric field across a target media.

Fig. I accompanies the ABSTRACT.



