1 APPARATUS FOR ELECTROPORATI ON W TH COCLI NG SYSTEM
Field of the Invention (00011The present invention
relates to el ectroporation technol ogy, in particular
to electrgporation apparatuses with a cooling system
4of the Invention [ 0002JEl ectr opor EET/BH20p800p108
mell-establlshed techni que for noving exogenous
nol ecul es, such as nucleic acjds, drugs, and ot her
conpounds, across nenbranes including cell nenbranes
and the nenbranes that form i posones and ot her
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across a biological sanple, for instance, a suspension
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functions is not fully understood, it is generally
agéq d thab&gn context of livin ceIIs the electric
PR i ndu e PrastL inseianeliee peslesirpnogation feghnalqey) in particular to
Cdleungperation app@atbRb it aEhsIAR ystert.1 Pi d bil ayer, | eading
to the formati on of tranS|ent/pernanent pores in the
menbrane that permt exogenous nolecules to enter the
cell by diffusion. UndBickgrdund®f tiRlIeehiigPOr ati on
conditions, these pores reseal after a short period of
time and cells will recover and continue to grow.
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[ bl,. rea nmbrane . perneabil |ty to exogenous
Y Brtiuson. ndn optimal ocitaporatdraropiens, test opiss respd afipie short
m:thlahscelmmnfbcsmchoﬂﬁﬁ&ﬁ@ &. and irreversible.

erneabil i.zati on cel menbrane due to

P t
R 0, TR ion f Sasio itk A pectiop RS BB gAY as it apples
phisezgesa hlgh@altdge AR RSHiEAS ke the Hbigdal sHMAL Mia 4 Pait BL eleMBdes,

200% zlizcg ode CI %20%28{': E)sob% 18v8ed that pore formation in the membrane occurs
at the cell poles, the sites on the cell membranes that directly face the electrodes and thus
experience the highest transmembrane electric field potential. The outcome of pore
formation is dependent on energizing parameters such as pulse amplitude, duration, wave
form shape, and repetition rate, in addition to the type and inherent nature of the biological
sample.

[0004] Although electroporation is able to increase membrane permeability to
exogenous molecules, it may also cause detrimental side effects on the cells, which can be
extensive and irreversible. Permanent permeabilization of cell membrane due to excessive

exposure to the electric field results in changes in cell homeostasis and cell death. In the



2 context of therapeutic gene transfer, such

del eterious inpact seriously hanpers the clinica

ef fi cacy, because of the resulting low cell viability.
[000510One of the contributing factors to the
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ef fect due to Joule heating. Cells are sensitive to

the change of tenperature. The effects of elevated
tenperatures on biological materials are reviewed in
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el ectroporati o ereon and a cooling systemfor

enhanci ng di ssi pation of the heat generated by the
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W)0%Accordi ng to one aspect of the present invention,
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source, for dxrectmg an electric current through the sample. The cooling system comprises

a first and second cooling units, each attached to one of the electrodes for conducting heat

therefrom and dissipating heat into ambient air.



[0011] I n yet another enbodi nent, each of the cooling

units further conprises a heat sink thermally coupl ed

to the solid-state cooling elenent for transferring

heat away therefrom [0012] According to another aspect

of Ve RW¥/FP¥dent i nvention, the apparatus furt REFSG2008/000108

conpri ses a base for detachably supporting a chanbered

slide and the pair of electroges, whereby the pair of

el ectrodes is operable to execute el ectroporation on
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the housing for creatmg the enclosure between the first and second side ends. The cooling

system comprises a first and second cooling units embedded in the first and second vertical
structures respectively.

[0017] In another embodiment, each of the first and second cooling units comprises
a solid-state cooling element that has a first surface facing the enclosure for transferring
heat away therefrom, and a second surface facing one of the side ends of the housing for
dissipating heat to the external air.

foo1s) In yet another embodiment, each of the first and second cooling units

further comprises a first heat sink having a first end in contact with ambient air in the



4 encl osure and a second end thermally coupled to the
first surface of the solid-state cooling el enent,

t hereby being operable to transfer heat fromthe

anbient air within the enclosure to the solid-state

coY? #9Y128%ent ; and a second heat sink havi FGU/SGRe808q108
end in contact wwth the external air and a second end
thermal |y coupled to the secopd surface of the
solid-state cooling el enent, thereby being operable to
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Deaoling peif devated within theahwiusigs afid beley Phe tlectroporation module. In one
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Brief Description of the Drawings

foo22] ~ Preferred embodiments according to the present invention will now be
described with reference to the Figures accompanied herein, in which like reference

numerals denote like elements.

[0023] FIG. 1A shows an isometric perspective view of an apparatus for
electroporation in accordance with one embodiment of the present invention.

[0024] FIG. 1B shows a cross sectional perspective view of the apparatus in FIG.
1A.

[0025] FIG. 2A shows an assembled view of an apparatus for electroporation in
accordance with another embodiment of the present invention.

[0026] FIG. 2B shows an exploded perspective view of the apparatus in FIG. 2A.
[0027} FIG. 2C shows a top plane view of the apparatus in FIG. 2A.

[0028] FIG. 2D shows a cross sectional view of the apparatus in FIG. 2C.



[0025] FI G 2A shows an assenbl ed view of an appar at us

for electroporation in accordance wth another

enbodi mrent of the present invention. [0026]FI G 2B

shows an expl oded perspective view of the apparatus in
FIV® 29MBFH27] FI G 2C shows a top pl ane vi ewPGHSG2H8/000108
apparatus in FIG 2A [0028]FIG 2D shows a cross
sectional view of the apparatyys in FIG 2C. 5

[0029] FI G 3A shows an assenbl ed perspective view of
afpoRPar al i 98 @HoRs{d0RRLADIER Thelfodhicf YHAME S afplarus  for
yet anot her enbodi ment of the present iInvention.
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[ B§33AFI G 3D shows a cross section view of the

3R] at us 't:ft[x. gge@go@sfa B‘ﬁ Pif A&V B the ﬂigéaﬁﬁé?’h@. G, 4A
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elo8® r opontio3Dashpaya aosseyettion vagvdoft theagparagts it bi@l. BGglong axis
upkts of the apparatus in FIG 3A

[0033] FIG. 4A shows an exploded perspective view of the electroporation array
assembly and the first cooling units of the apparatus in FIG. 3A.

[0034) FIG. 4B shows a partial enlarged perspective view of FIG, 4A.

[0035] FIG. 5A shows an enlarged isometric perspective view of one of the cooling
wnits in FIG, 3A,

[0036] FIG. 5B shows an exploded perspective view of the cooling unit in FIG.
5A.

Detailed Description of the Invention

{0037} The present invention may be understood more readity by reference to the
foliowing detailed description of certain embodiments of the invention.

[6038] Now referring te FIG. 1, there is psovided an apparatus 1 for
eleciroporation, particularly for in vive application, in accordance with one embodiment of
the present invention, FIG. 1A shows an isometric perspective view of the apparatus 1;
FIG. 1B a cross sectional perspective view. The apparatus 1 comprises a pair of spaced
electrodes 11 for applying electric pulses to a sample positioned therebetween, and a first
and second cooling units 12 attached to one of the electrodes 11 respectively for
dissipating heat therefrom into ambient environment.

[0039] Each electrode 11 has a stretching body 112, a first end 114 and a second
end 116. The first ends 114 of electrodes are housed in an electronically insulated holder
14, and are kept apart by an electrically insulated spacer 15. Three electronically insulated
pins 142 are lodged to fix the electrodes 11, spacer 15 and holder 14 together for
preventing displacement thereof. A corresponding female socket (not shown in FIG. 1A
and 1B) with electrical connection outlets is attached onto the distal end of the holder 14



[0034] FIG 4B shows a partial enlarged perspective
view of FIG 4A [0035]FI G .5A shows an enl arged

i sonmetric perspective view of one of the cooling units
in FIG 3A. [0036] FIG 5B shows an expl oded

pSYEHEYIPI¢ vi ew of the cooling unit in Fl G PGRSG2008/000108
Detai |l ed Description of the Invention [0037] The

present invention nay be undegstood nore readily by
reference to the follow ng detail ed description of
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r 14, . an.electricall
0P a1 B, BB ikl @leckh BhE BB el 146 of whe
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d hol . t f.oh: t ' enent
thereof. Aﬂg gl}o}é]s% gggi I%ﬁ? g‘%ﬁ“g |’L@})/Sc eaf@%ﬁgffégﬁ@\%ﬁmﬁns“ﬁam
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B9 e Gl LD 6 Y o
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SRR 4 R ok, OSBLRe 9eS, S e
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Ry RN p—
dacdiles two lead wires (not shown in FIG. 1A and 1B) for electronically connecting to an
external power source. In operation, when a DC voltage is applied to the Peltier element
122, the first surface of the Peltier element will cool to a pre-set temperature, e.g. room
temperature, and the second surface will heat. Heat generated in the biological sample
during the electroporation process will be transferred to the second end 116 of each
electrode 11, conducted along the electrode body 112 to the coupled cooling unit 12, where
the heat is transformed from the first surface of the Peltier element 122 to the second
surface against the temperature gradient, and eventually dissipated to the ambient air via
the heat sink 124. Through instant removal of the generated heat, the detrimental thermal
effect of the electroporation on the treated biological sample is minimized.



el ectrode 11 is of a disk shape. In another

enbodi nent, the second end 116 of each electrode 11 is
of a needl e shape. In yet another enbodi nent, the
second end 116 of each electrode 11 is oval shaped.

[ 020/ R3%Ae enbodi ment, the distance bet weeRCE$E008/000108
second ends 116 of the electrodes is adjustable.
[0042] As shown in FIG 1D, tha cooling units 12 are
attached to the outer surfaces of the el ectrode bodies

4q10€i ng I@i‘é@ybé LRI stRE tinf ‘&%’Lgm?&?e ele%cn?%n is not limited

eterm ned di stance so as to avol éﬂn%ny [oo)
witct Reitlﬁeelfmlf@t d¥heraoolingnitvices, Facth ax batiohgneling thedipump, may be
I aGliARS olid-state cooling element 122 and a heat
si nk 124 T e solid-state cooling elenment 122 has a

f 10048 sur f &¢end embtidiveent, thontdiog unitst 12 4ré eoupled ab tigodectrodes 11

f
i I R LS B T o
f toche eleptropiesaid vmmhba@énmacﬁsaucﬂms streesraedsiteg t he heat
(AR P oHLbdaodt chebdlnef e Bhiigg Wi QIR v e gt sinks
i 24patiaghie ite meeioédrﬁmle ,conlimigodleméntscl 28 dinsteddythe | seand \annfaes of cach
(MH@&E%: lobidilelit (22 g yg%)sed% #ELSE lte.ﬁt%ﬁ"u% ot

connecti ng o an externa Fosour 88 Fatt on,
W47l a DC Wowt aeferring wpIIGed2,t thetehds Redvidedr am| qppematus 2 for

13 f Pel.tier el enent

%litr %ﬁ‘gtl(fn, éﬁﬁcuﬁ# ?{r%ﬁ@gﬁg { lﬁ:htgopor %n tor Igs rﬁr?vérh%x ; g{tur? ghamber
amdacpwdmemthdawmef &m@omeht blctht . prdderatingatiar. &16d 2Anshows an
t | .00 Clv tr
p%gegggﬁ FFbe ans F’%%%Féo ’?ﬂ? ggconeg‘&rgﬁeéf Tis@e%'fve view;
eJd€h 2€ aclop phde vitw; Fﬁbrﬂilmtcmds sdctiongl vibe. Bleapparade 2 lcoslprises a

ere t eat |s

Pk sk 28 515 B0 OG0 22l oo O i hedn 25 for
etoghrelling the interelachrodestigame, wfinsf and eecaghédoting tulis 22 attached to one

t nt tuaI I d| S
SREAALYAE SHaRAY apa Ao il 2 TR TG ) e
rartbybdse 24. t he generated heat, the detrl ment al ther nmal

t of el roporatio nthe reate
oSaBE Ot TS S rOhiaRet S By FPhE e cipgrofics 22 anc
F: 1) MsanodMIaaﬁ slidecfsbhuidnaatle. £ 6plchintatbaaidlide 28 2s blfown in
to Peltier, e ol i dev
096, 2AThd 98, dohSesin RitnTnE B g B, Bl oLl buture
abamlsdrd 204[de ]thart:emn’ﬂleaqﬁachuﬁm&tof tliefgﬁssﬁsmaé Eﬁ@wiﬁﬁhd tl'& chabnber
e the e vi.a heat conducting

Qrgﬁ ?ve *%Fe"‘é%@ k‘fgg‘h%ﬂgﬁ%"&éiﬂ%ﬁfm the cooling

Uedels 12 afte Hammrmgea mbﬁﬁihg plr 244 fixed tﬁcrﬂﬁﬁfﬁﬁﬁlﬁﬁﬂing an
23 (Serews an 004 t anot er

TRRNRS SIET 4RF 1S WA PR sty 8 i Y RO dg of the

silminSng i)ﬁ.tf 22142 o hengpdrting e deixshtig &te&is?ZS? UI!lie:c ﬁtgustzﬁg means 25

el enent s ace eac

SRTPRALE BUEC tog g7 AT b incsnar S 355 i el Gtsdhaghe in the

thbezompi dizetion Mitie rthdase sHaft iSQQé?dth@/\bdhﬁécﬁdartb ke veRtidal Smpporting

strucnprcegﬂtl via or\{gls(igg ﬁ It’;]m«'mg f(‘no%tzs% is coupled to one end of the shaft 254

for actuating the rotation thereof. The outer thread along the longitudinal axis of the shaft

254 is so configured that a first half of which is in a first direction and a second half of
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which is in the opposite direction.



el ectroporation, particular for applying

el ectroporation to cells grown in a culture chanber,

i n accordance with anot her enbodi nent of the present
invention. FIG 2A shows an assenbl ed perspective view
ofWQ HEYRPWAr atus 2; FIG 2B an expl oded per sPEt$G20u8/000108
view, FIG 2C a top plane view, FIG 2D a cross
sectional view. The apparatusg 2 conprises a planar

base 24, a pair of electrodes 22 detachably di sposed
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e . . I. . .
o EREE B SufdBllind e 8k Ao AIBENRIAT i Jp B Blude dtance
i ¥ adjustablp Ahrgugh @B,trO%iun"éinmeﬁsphmm afighel o laplldesss246 dlahg the
202 . _ .Y :
r orsiu A (0ol 8l BAP 1l B, afd kP ZREBY g U tyead shat
284 wi thin the chanber 204 may be chenically

reate ik ot C 1O 491.T .
P 72 o Qu b4l AT ATE iy b Enoen
f towp inFiCdilnexcept thas itafirstenid 214 geso canfizuraddo be detadably mounted
SSHIP R bd rZHgE gfr Lﬁéh(ﬁéé ghc?{flgtstﬁéjiegt{ndte 2??&%0 Umehined as
mount i n ate 242 Tor Supporting the ad) asting MEAns
215 appiyan agftcis ficldgrose thesvidts apd depth efghe chagbers 204.08 uRBR able to

, i ch | el .

ore? JRRERIT Bl AU o SepRBP, 5, phRBGF sutue
292, tognateht vath chawbers 24k of distiuct sizeandshapiecal supporting
S et A0 030738 o Sy Al DT e
rastaghed on thd enwofsurffiee of uhe rlectodes 21 atespregtivelye and have identical
| ' Lnal ' f, N 54 | . ' .
TR I RN
ceaslecoptivl hait 22 ollatiwh kcthe isscondend it 6af plesirdde islbo emfipwed that the

8 50]. Twp. el.ect roni cal | v insul ated.hqgl ders 246 ar
acrogjglprfgg'%%t olsear? gea{é’em%}ﬁré% ae"ﬁe‘)@g?%f&e gbs%l? p?rﬁtim'genﬂ%ed heat
deynu gtei sepndresh 31628 eldearode Withoke conBeifindtiag e Biologital sampie in the
tcli];&gﬂagli ‘pol e 246a for engaging with the guide rod 25,

a second t hrough hole 246b with inner thread matching

vibash] t he oOMéve referhing &dFI6h 2Braad BB § repéss RHe id dared dn thh dide 24 at

4. and I t f 6¢, f nect i, 1aq.
SR s FAROR BRSSP e
ithérein,- velligcormckeplaias safice with ttadijasestdab sappoltdhtgdhambered slide, and

IPRG h bBrs e B O RS T lereo it Aot Bopatpion

dons4agui de Inode ebbbdirgent,abathird godling ukihzXind Pehiaf ¢lerdénd In another

[0051] The. .canfiguration.of each, el ectrod 1lis .

PRt % S o3t it Boouf pi s oS A the, e slde 20.

gonsagpth tb lhaﬂovt' m?ﬁiég & ﬁlen ? tBa;ff id ;&oﬁ@chﬁMf pb%ﬁfu@ fobﬂlr':gﬁthrough
ef acha nount ed ant o e top, surface c o e

R Ao dedropriaton, o8 Setrimee SR S eradiment ol s, arsen

avehGond FEG.Y3 ARhOVLEE bésemble® NRWCEOmE dpPRatik 8 FIGNB a partially

gggth of the chanbers_ 204. A user i s able to choose

pded paseectve YeWHIG AR portmeqisva £1GmD & crgss sgetionalvigy. The
Sppatus Bécipriads a Rdubing 36 HaEingSinZifierrhPen¥Rbd 362, tafl electroporation
chambers 204 of distinct size and shape. [0052]Still
referring to FIG 2A and 2B, the first and second
cooling units 22 are attached to the outer surfaces of
the el ectrodes 21 respectively, and have identica
configurations to the ones 11 in the earlier
enbodi nrent shown in FIG 1. The position of each
cooling unit 22 relative to the second end 216 of
el ectrode is so configured that the cooling unit 22 is
able to instantly and optinmally absorb




[ 0055] Now referring to FIG 3, there is provided an
apparatus 3 for high through put ex vivo
el ectroporation, in accordance with another enbodi nment
of the present invention. FIG 3A shows an assenbl ed
v 128%€ apparatus 3; FIG 313 a parti al | BCT&G0860ES
perspective view, FIG 3C a top plane view, FIG 3D a
cross sectional view. The apparatus 3 conprises a
housi ng 36 defining an internal enclosure 362, an

t Y
el SRR Apostls B HRInBART Ak Lo ARG Wk Hiporation
cenyettes 88 a@Dcagythg wur ¢ledmoporaiion t@rmtand)pplumhbmf cpdlivg einits 32, 33

33 for

%g%(?lgﬂhﬂg%bgﬁ%ﬂ%nqe%q@ehera Fé'ile%gi he encl osure 362.
(08B 1 The lﬁlmmuﬂgg 36is QS' agécizngnlectoafiguation, having two side openings

%f LQ hhxga{lion Wﬁw t?g s%(’? h glr %{F g g{\}gtgl 1‘?’06 éﬁd ﬁstalle{i in the top -
COﬁﬂUﬂI catl on e surr and™a piv

| suda@6Ewo neticd] ktewttires 368 eretdmcsrd nrf ﬁc Bousihp36 ﬁarmraam@ the internal
Sén%f&?tfr bgt(é{%e fre tq’l S&% e{i@e gllagbegeaﬁg the hc{ 9{6 where the

Crea he In erna enc OSU etween t
saiwaompamnr@my 364mbly B 7oie meatmimotisted. | Thd aB &6 asseidy 87 thaetwenty-

RSB AN B A, 339910l Yo el A LTRIBh S s e

array sse Ve s
atly &ngeoling 5mb§$3 5s gmstadfed Ontiﬂmﬂldldnglom B86Dlasd beneath the array

SLFLIPFE A A 5188 eSS Rt

deasdly asseNbwyef87ing WwhrliGs #A1 there eeqirovitpd an expdoddd pemspective view

vertical .. re 3 ]
R 6y A0 2 1 Rl bl 3 Pl 'SR 37 Bl five
peirs pEsitle blocks i ok ddﬁd)o&omd#ochéﬁénﬁ)lfgmﬁfhe amdple Ivells 373 (not
it he arr.a SS 37.C
3000 18 B o o By RET Y iy PRRR 3736 ¢ o
fe&ﬂcmmtﬁyszmbtmg\mbﬂ SmPRIv{|I3B ts woewterial p&lvﬁ sodné& (noashdwn in
E)r ational circuit 374 (now shown in FIG 4A) for
elec r‘oni cal |y connecting each sanple well 373 to an
doaser nal pmmhrsukaoblbﬂeﬂhms fibovevedses FriGeardedd) in a row. FiG 4B

D981 b f
ROMICRP g SHtasbed Yieh' 3o Sf dich Svetsny oy TRSTRER 374 Rasrletfobrine
gﬂﬁ dispesed geeein, IR6 leall hieing SUE RS 2376 dna 760 él&atfonﬁﬂtyl ddgnected to

SRR vl €l o, BB piPe RSu) B fof biesin

(agﬂgsﬂ Ifﬂie Sdbdro{an8l (b ehwivnl in FFG GIB)bedded Gn theSsiieoall ﬁﬁt‘lﬂ joaded
376 or sin al nst_.t ect.r not, shown
Shianectiay, e foondhoR SRR 30t (e SroBuia HIG, B HLSidg ogpoty te

ehotvie pbwarthdret®) et r oporati on cuvette 30 (not shown in

E 4B) in.order t u y the el C, power

o) Bisty i widbragl s, hefsntle i b i dhp muamber of
shmple eklls BBhenabd varkdt addheaabiehdsherdings anihes spueific Sappidition

can. be varied and scal abl e dependi ng on the specific
SRS on requirements. [0060] Referring back to FIG

ﬂdbsolt he orxedfatm%am t6 FIG.UA, t/dhefalifial SHANIB7Y Indt!skowif) FIG.
he sanpl e wells 373 by

t | t d t
AR5 eerompat taplegten 0 tho sl el T8 b Gurasteiy oblinty s 378 and
link @@s@m that e lﬁtQQ‘a@!i 5th RheOGHSbiackh 320 dnd 8éttoR bIBEIRCHS via a

372 via lurality of tie bars 378a and | ock pl ates
plagglity ofltta; b%rs 378a andylock plates 378b. P



[0061] I n accordance with one enbodi nent, a controller
is provided to regulate the operational circuit 374 so
that the sanple wells can be energi zed i ndependentl|y
fromone other. In other enbodinent, the controller is
o WBY B3 direct a series of pul se trains BEH¥i260880p108
by the external energy source to pre-selected sanple
wells 313 in a predeterninedlﬁequence. [ 0062] Now
referring back to FIGs. 313 and 4A, the array assenbly

3tanksS S ' .

ok P EAAR0 L e T Ol
bepreaiiohal iehreuiioiidtso thab theclmBIE 2vellF loan ixcenbrigized imdépen@Btly fom one
[ a i I nb.odi t.-h L it
621 Bt OcRlalne ' BN RO v i £38 9 Rl i
aginepiedi gl thy exteginat edergy rsowron ve gird-siected tshinple tvdls sSYddce a pre-

t t dissipation. [0063] The four cooling
uﬁ?@ﬂgg&glrugeh%gdenti cal. FIG 5A and 513 provide an

efoveei ged Nowneleming badkao Fiid 3B and i) thaedy wisemble B7 ersapported

of .t lin it.32..Jhe copling unit C ri.ses
Oingt 6B b Bt Kbk 36 e s e 36 ey BEARE space
stxmeath thaiboigprt biecks3M2i ‘Thestoalingg wdicd3i inpstalled tieendin. 32 8ne earbadiment,

o2 0k By 555 AR BRURF i it REL TRt g tha i

| eonvebtion withih tieapdch & anhendehedt dizsigatiohi er enbodi nent s

S in F 1 angd Fl . [.0064 ef er.r.i ng.back

RO | " R ot ffine it 37 R N e o 3SR e

eivtyncide viewrand e exflodeld eviere of oreadf thd ¢oolitig mrdis3238 8¢ cdrding mgjt 32
e SUFE. f.aci owards, t.he clasune 3 .

ooleliSs U AGE SERE HBSENS MR i JalS 4 SRl g 188 sotic

estdiochiohvnelemert 82% ahd tvoshdibidfans @6 icrgheabdoiorint hediAhkis 324nat distal

Pel,t i el enent . n glectri .current is supplied .
b ol EaniliRfon SR Roaf ks 334 1§ HehERL o P BB} B canie
f endrdinkeets fshovat in FARd dnd FIGE2. second 322b surface. Radi al

f ro anbi ent .ai.r .t r t he heat  sinks 4 \
(B B PPN TRl P BIRECH, < rel 5ol dtont 32 i
&ind::@dadetiin BﬁQozf tdee_iﬁﬂaBstTtﬁMres Bethagiap @ fiadt edfass Bi:ﬂ:alrfadixkgetowards
epcl osur e uring,e tr rati on process w e
TSS9 20 et SyTE R PotE oRiFS Th Spt plabeliSen, the
tdoHd-ate oolingS3demdnd BED 15l 4 Pélfiert e, UNBIGY Gdcarivdl Qifreft is supplied

rson.skilled.in.the art that t n er coolin
38 Vi eSS S st e T e a8k e seBha 322
_aqarihdec_mdial ffank gg;pélraﬁmd t &ir tg&v@ﬂﬁd _ﬁie\g\b&t |sif‘hk§ 34 dpit @%eMturn thermally
inventjo en r d wth reference 1o
pchlei{ﬂ s p@ﬁﬂ&iﬁ%ﬁ@?- {udhi e rat gricTated P theiclosws 362
efubiogl eleetrdpsratiore plobdskl Sl 8¢ ins@nay distipadd fohBe hittoafdin®hir outside
S eis.pot so limted. Alternative enbodi ments of
e %F‘&%éﬂt i nvention will become apparent to those
hieoseNg or dit iatoybes tdetstdod Byhe parsén tiGliedhinGhe bt @hdd (RS Rithber of
i nventi on%zoer ai ns. Sucg al t ernat e, enbodi,nents are

CORTENRFLIE §a8 bp Xarisd deproding on theispesific applicaton reqyirements. o

qempe of tWRilPhE pRRBENt irVéMitnl HAE beeRUERHBLIWIYY refdréiRe &° ular
of .the pre_sen} invention is described by the appen

d
ErmipbEehinit vall Qg pdFEieed IS5 thrcom bR e SRRy e hat 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



12 G ains 1. An apparatus conpri sing: an

el ectroporation nodule for receiving a sanple and
executing el ectroporation thereon; wherein the

el ectroporati on nodul e conprises a pair of spaced
eW@bﬁ$%§§§4operable to be connected to an enRGIE2008/000108
source, for directing an electric current through the
sanpl e; a cooling systemfor enhancing

di ssi pation of the heat generated by the

el ac [ ] i S t : son i
HPPRoR B, pRRat R AchihahRly 18 sEirk b AP bR, ivention i
t describgd by Hhg apnendedplairongndiis sppertediby the fenagbingedesnmigtion.
cooling units, each attached to one of the el ectrodes
for conducting heat therefrom and di ssipating heat

into anbient air; and a base for detachably supporting
a chanbered slide and the pair of el ectrodes, whereby
the pair of electrodes are operable to execute

el ectroporation on the sanple |oaded in the chanbered
slide. 2. The apparatus in accordance with claim1,
wherei n each of the cooling units conprises a
solid-state cooling element, 3. The apparatus in
accordance with claim2, wherein the solid-state
cooling elenent is a Peltier elenent. 4. The apparat us
in accordance with claim2, wherein each of the

cooling units further conprises a heat sink thermally
coupled to the solid-state cooling elenment for
transferring heat away therefrom 5. The apparatus in
accordance with claim1l, wherein the space between the




el ectrodes is adjustable. 6. The apparatus in PCTISG2008/000108
accordance with claim1, wherein the cooling syst gf@ceived 16 January 2009
further conprises a third cooling unit disposed on the

base for conducting heat fromthe supported chanbered

slide. Anmended Sheet |IPEA/AU 13 7. The apparatus in

accordance with claim6, wherein the base has a recess

for housing the third cooling dhit; and wherein

the third cooling unit is so dinensioned to forma

pl anar supporting surface w tH*He base for supporting

the chanbered slide, and so positioned to be beneath

thg chamhe 15d d ... 8. The apparatus in accordance
wi th clai mB%a?a géwéé_)g]g’lhﬁn%'he third cooling unit conprises
a sol eI@ ders elseteopetstbi ngdelk é&uhemteiyin@iahsﬁh@le?@ﬁagx?@*@g IeRetroporation
ac n c .wher ei n e solid-state

cogféiE na’ g‘l%‘eﬁrgﬁtentr}?h y g@éa{%‘g P FIogHIS negiiPrisaspa PpfOf spaced electrodes
apﬁ’%ﬁr UY berpogresisd damcewegytshurct, &bﬂﬁilﬁctiﬁ@ﬂn@b&rﬁr&h«@{t through the
cogpfplges an adjusting neans for controlling the space

bet ween t he el ectrodes, the adjusting neans having: a
first dhdoe@Bontrudporthatingciisiesonoemiiedhen gheated by te

bagestroporation module so as to minimize thermal effect on the sample during

electroporation; wherein the cooling system comprises a first and second cooling units,

each attached to one of the electrodes for conducting heat therefrom and dissipating heat
into ambient air; and

a base for detachably supporting a chambered slide and the pair of electrodes,

whereby the pair of electrodes are operable to execute clectroparation on the sample

loaded in the chambered slide.

2, The apparatus in accordance with claim 1, wherein each of the cooling units

comprises a solid-state cooling element,

3. The apparatus in accordance with claim 2, wherein the solid-state cooling element

is a Peltier element.

4, The apparatus in accordance with claim 2, wherein each of the cooling units further
comprises a heat sink thermally coupled to the solid-state cooling element for transferring

heat away therefrom.

5. The apparatus in accordance with claim 1, wherein the space between the
¢lectrodes is adjustable.

6. The apparatus in accordance with clajm 1, wherein the cooling system further
comprises a third cooling unit disposed on the base for conducting heat from the supported

chambered slide.

Amended Sheet
IPEA/AU



a threaded shaft and a guide rod, both being supportedCT/SG2008/00010¢
by the first and second support structures, and Received 16 January 200
aligned with each other in the horizontal dlrectlon

wherein the threaded shaft has a first half that is

threaded in a first direction and a second half that

is threaded in a second direction; and a first

and second hol ders for rel easabl’dy hol ding the pair of

el ectrodes in parallel, wherein each hol der has a

first bore that is internally threaded so as to engage

W th andr mm@wem 1@&(;@3@115@'\7;1&0&&15}"‘@ hheaded b%@qag a recess for

and se on gWi for aglng with the guide rod

@éapp W“%E rdance with claim1, which

f u rt her wiaseia tho Uﬂ‘d rt@olhl'gatmzd eg‘ b @ﬁntﬁzﬁloﬁlﬁctbo@% & hi@har supporting

acc the el ectro |on nmodul e;
V\hes(r&ggg d‘t%{%e % 081G TGS Bpt ’ie§ %@F‘ﬁkﬂh@e b ﬁool?ﬁswﬁl’edt e beneath

awbhedmnﬁenpeh@ﬂure within the enclosure. 12. An

apparatus conprising: Anended Sheet | PEA/AU 14C ean

Copy an el ectroporation nodule for receiving a

sangpl e dhdapxetustih rRgoehaetvidpodats, oherth @B cadling unit comprises

CO%Hbﬁ&g%%%%& rQ&m}egphancmg di ssi pation of the heat
generate ectroporation nodule so as to

mnimze thernal effect on the sanple during

el ect roppr al%ﬂzs 1200 UFH n tg? Eﬁ‘l% Slate cooling element

n
encli osure for accomvdati ng h} mmﬂ?eélep
no&U?%am%ﬁ@W@Wh t he hou3|ng conprises a first and
second side ends in communication wth the externa
air: and a fist and second vertical structures
di %?Jos eths #PPaIREs iy gesordgndeoite clamm il ngyhichdurénc bosuises an adjusting

bemeagTol RdaubllihShe 30 68FORASLLG 88 Fe a@Ming means having:

a first and second support structures mounted on the base,

a threaded shaft and a guide rod, both being supported by the first and second
support structures, and aligned with each other in the horizontal direction; wherein the
threaded shaft has a first half that is threaded i & first divection and a second half that is
threaded in a second direction; and

a first and second holders for releasably holding the pair of electrodes in parallel,
wherein each holder has a first bore that is internally threaded so as to engage with and

maneuver on one half of the threaded shaft, and a second bore for engaging with the guide
rod,

11, The apparatus in accordance with claim 1, which further has a housing that defines
an enclosure for accommodating the electroporation module; and

wherein the cooling system is operable to control the ambient temperature within

the enclosure.

12. An apparatus comprising:

Amended Sheet
IPEA/AU



wherein the cooling system conprises:
first and second cooling units enbedded in the f| r skCT/SG2008/000108

and second vertical structures respectively, Received 17 May 2010
wherein each of the first and second cooling units

conprises a solid-state cooli ng el enent that has, &, y

first surface facing the encl osdre for transferrl ngp

heat away, LR&f second surface facing one
of the side en Ogglag ?Iﬁ@q%goﬁsrf%bw?ﬁofi Siﬁ@%|a'ﬂija?’ieﬁ§‘“&é§?t°“opomtlon

to tif&o8xternal air. 13. The apparat us in accordance

W th clajmd ch .of te cooling
el enents i s lglm’P t(?elrmeri&el%lgh ERtE isllpa?e]*hé’g Bﬁq&gt g@eqaﬁad by the
_accBeelEmention thodvlcasmat2to whisingin teackl offect N8 fHcr §etmpic, during

andeg@epRduGPald Ng units further conprises:
first heat sink having a first end in contact vvlth

her @ﬂﬁgﬁ’%ﬁfﬂ?f hef1ret Surl aceof e oporation modul
Do aE SrisR |

solid-state cooling®e thereby being operable
to transfer h&etafdsenmd fide @ﬂbixﬁmhn:cﬂinrcatYMntvhﬂa%etcﬂﬁma! air; and

encl osure to, st at cool i : and
a second heat tfgll%ﬂé&lmv Kgea ¢ ‘uF@fesgﬁBOSFqﬂméll?rh"&%ngm gigating the
t he ext erleguredierweantie frssationebne Bide thverwRI | y coupled to

the secqpg, of .the solid-state cooling el enent,
t her eby beﬁcﬁgﬁ%&éﬁégos}ysm'?8°‘P?lésﬁ%fer the heat fromthe

sol i d- st ate ©bit amigeane reclingtidith Bevextemnad #i E[rtdhsecond vertical

15GHea e RNy, The apparatus in accordance Wt
claim 14, %cere each of the first and second cooling

units fwb@rhrereadmfpha fetsind aedointl %boi[n@din&i Coff@ﬁs&@tatséﬁch&gte cooling
t OefeHﬁntfthéishtas g@igse;lgu tabd Boihb ! gol Ko gand a Seco

radial fan attached tothe s S‘éﬁ F gpnsiednedhsaionnay therefxom
heatd & pasknd st fadingrric off tirrsiicapay Sh&nduGng (f @fsﬁpa%*né heat to the
- copueglipn to facilitate heat exchange.

13. The apparatus in accordance with claim 12, wherein cach of the solid-state cooling |
elements is a Peltier element,

14.  The apparatus in accorc_iance with claim 12, wherein each of the first and second
cooling units further comprises:
& first heat sink having a first end in contact with ambient air in the enclosure and a
.second end thermally coupled to the first surface of the solid-state cooling element, thereby
being operable to transfer heat from the ambient sir within the enclosure to the solid-state
cooling element; and
a second heat sink having a fixst end in contact with the external air and a second
end thermally coupled to the secqnd surface of the solid-state cooling element, théreby

being operable {0 transfer the heat from the solid-state cooling element to the external air,

Amended Sheet
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16. The apparatus in accordance with claim 12, wherein

the cooling systemconprises a third cooling unit PCT/SG2008/000108
| ocated within the housing and bel ow t he Received 17 May 2010

el ectroporation nodule. 17. The apparatus in

accordance with claim16, wherein the third cooling

unit is a radial fan for creatilig air convecti on-eBelCeny

the el ectroporation nodule. 18. The apparatus in

accof dantle apehtug fragcnerdahce whidradiim Mhehedie edch op drealrbiGRd second
MOAub Fing AFRIAIRS comprises; @ Plurality of Vells for

recei ving and enerdizing nultiple electroporation

cuvet t es? &gl radialtfen rdied tethe fisst erdogidre it beat Ok; hitte

sanpl e | g g i.n; Nn.cjrcupt for .

el ectro na?%goﬁl? )I/Mébg ?}aﬁg g%"ih%%e‘ éec%m%/\%]l% IOir @1%%8?{1%1%1 gPal

ener gy doiirderhichig opfiable &ppedtabivsonveiace Giotl@nciRaivbitnge.
claim 18, which further conprises a controller for

regul ating the circuit so that each well is operable

to He i rideppientih pocoriengi widdcluint 12, pzhgeiﬁ e fgélm%ﬁyéz&n comprises
par ) : t-det erm ne rder. . Ar

PR hoing i o i SRR i, P ocpoacale

for receiving a sanple and executing el ectroporation

t her-eon; [ ), ectropor.ati dul e conprises . .
e TR bSO SRR Sy e vBEC e SR Ger e it i s

t o ragialdpefoyyregivgat eonvbaion dilveché dgudor@log elolidle current
t hrough The sanple; and a cooling systemfor
enhanci ng di ssi pation of the heat generated by the
el détr oiﬁgfr atprGiusindedoalasee aih tolaimi 0] Whetdn tReidBbporation module
ef fcg&%ﬁﬁgg the sanple during clectroporation; wherein
t he cooling system conprises a first and second .
cool i nga phirality ofivkieiis dbmreeivihy afd begriBleRalifgE BBciroporation cuveties
C oSPaL 5 8Recu@ olebHora B ot 6 Sl ok erei e < ©¢ 1O 11

an circuit for electronically connecting each well to an external energy source,

19, The apparatus in accordance with claim 18, which further comprises a controller
for regulating the circuit so that each well is operable to be independéntfy energized with

pre-set electric parameters and in a pre-determined order.

20, An apparatus comprising:

an electroporation module for receiving a sample and executing electroporation
thereon; wherein the electroporation module comprises & pair of spaced electrodes
operable to be connected to an energy source, for directing an electric current through ‘the
sample; and

a cooling system for enhancing dissipation of the heat generated by the
clectroporation module so as to minimize thermal effect on the sample during
electroporation; wherein the cooling system comprises a first and second cooling units;

wherein each’ of the electrodes comprises:

a first end electronically connected to the energy source;

Amended Sheet
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16Cl ean Copy a body covered with electrically

i nsul ated coating; and a second end in PCI/5G2008/000108
contact with the sanple for directing the el ectricReceived 17 May 2010
current therethrough; and wherei n each of the

cooling units is attached to the body at a

pre-determ ned distance fromtRAé second end, S$teaasCdpp
optimally conduct heat w thout contam nating the

sanpl e. ~ 21. YPR& Qpput withedeqicaly énsvdahestivg atd cl ai m

20, wherein qaghn®bnd MeohibiSkinand s%ﬁlglg 4 oqgglnlg;[ﬁe RS current
Co%%ﬁﬁs a solid-state cooling elenent. : e

app [P Pdccor dance with clai m 21, wherein each of

the sol iwhesdilefnCahd BEbIEL SRS shSndd Hehd b&{y zﬁlaegﬁn%tefermincd
distance from the second end, so as to optimally conduct heat without contaminating the

sample.

21 The apparatus in accordance with claim 20, wherein each of the first and second

cooling units comprises a solid-state cooling clement.

22, The apparatus in accordance with claim 21, wherein each of the solid-state cooling

elements is a Peltier element,

Amended Sheet
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